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SYSTEMS AND METHODS FOR NUCLEIC ACID SEQUENCING

GOVERNMENT FUNDING

This invention was made with government support under DMR-0602684

awarded by the National Institutes of Health. The government has certain rights in the

invention.

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application Serial

No. 61/008,862, filed December 21, 2007, entitled "Systems and Methods for Nucleic

Acid Sequencing," by Weitz, et ah, and U.S. Provisional Patent Application Serial No.

61/098,710, filed September 19, 2008, entitled "Systems and Methods for Nucleic Acid

Sequencing," by Weitz, et ah, each incorporated herein by reference.

FIELD OF INVENTION

The present invention relates to systems and methods for sequencing nucleic

acids, including sequencing nucleic acids in fluidic droplets.

BACKGROUND

The ability to determine nucleic acid sequences is important for applications such

as understanding the function and control of genes, or for applying many of the basic

techniques of molecular biology. Sequencing by hybridization (SBH) is an approach to

DNA sequencing that has been recently developed. In sequencing by hybridization, a

large set of single-stranded fragments or probes are attached to a substrate. A solution of

labeled single-stranded target DNA fragments is exposed to the substrate. These

fragments hybridize with the complementary fragments on the substrate, and the

hybridized fragments can be identified using a detector or a fluorescent/phosphorescent

dye, depending on the selected label. The target DNA is then sequenced based on the

pattern of hybridization of the fragments with the chip. However, current SBH

techniques have several problems that limit their application, such as requiring relatively

large quantities of reagents, or having relatively small throughput.



SUMMARY OF THE INVENTION

The present invention relates to systems and methods for sequencing nucleic

acids, including sequencing nucleic acids in fluidic droplets. The subject matter of the

present invention involves, in some cases, interrelated products, alternative solutions to a

particular problem, and/or a plurality of different uses of one or more systems and/or

articles.

In one aspect, the invention is directed to a method. According to a first set of

embodiments, the method includes acts of providing a first microfluidic droplet

containing a nucleic acid probe and at least one identification element, providing a

second microfluidic droplet comprising a target nucleic acid, and fusing the first fluidic

droplet and the second fluidic droplet to form a fused droplet. In another set of

embodiments, the method includes acts of providing a microfluidic droplet comprising a

plurality of identification elements, deforming the droplet and passing the droplet past a

target area such that each of the plurality of identification elements individually passes

the target area, and determining each of the plurality of identification elements passing

through the target area.

The method, in accordance with yet another set of embodiments, includes acts of

determining at least a portion of a droplet containing a nucleic acid probe by adding, to

the droplet, a first identification element, a second identification element distinguishable

from the first identification element, and a third identification element distinguishable

from the first and second identification element.

In one set of embodiments, the method includes acts of defining at least six

distinguishable identification elements where the identification elements are arranged

into at least three groups with each group having at least two of the elements, associating

each of at least eight distinguishable species with at least one identification element

selected from each of the at least three groups such that no two of the at least eight

distinguishable species is associated with the same set of identification elements, and

preparing at least eight distinguishable droplets, where each droplet contains one of the

at least eight different species and the associated elements taken from each of the at least

three groups.

In still another set of embodiments, the method includes acts of providing a

plurality of distinguishable nucleic acid probes and a plurality of distinguishable



identification elements, selecting one nucleic acid probe from the plurality of nucleic

acid probes and at least three distinguishable identification elements from the plurality of

distinguishable identification elements, forming a fluidic droplet containing the selected

one nucleic acid probe and the at least three distinguishable identification elements, and

repeating the selecting and forming steps to form a population of fluidic droplets,

including at least ten distinguishable fluidic droplets. In some cases, each droplet

contains one nucleic acid probe and the at least three distinguishable identification

elements.

In another aspect, the invention is directed to a kit. In some cases, the kit

comprises a first plurality of at least 10 distinguishable fluidic droplets where each

droplet contains a nucleic acid probe, and a second plurality of at least 10 distinguishable

fluidic droplets where each droplet contains at least three distinguishable identification

elements.

Other advantages and novel features of the present invention will become

apparent from the following detailed description of various non-limiting embodiments of

the invention when considered in conjunction with the accompanying figures. In cases

where the present specification and a document incorporated by reference include

conflicting and/or inconsistent disclosure, the present specification shall control. If two

or more documents incorporated by reference include conflicting and/or inconsistent

disclosure with respect to each other, then the document having the later effective date

shall control.

BRIEF DESCRIPTION OF DRAWINGS

Non-limiting embodiments of the present invention will be described by way of

example with reference to the accompanying figures, which are schematic and are not

intended to be drawn to scale. In the figures, each identical or nearly identical

component illustrated is typically represented by a single numeral. For purposes of

clarity, not every component is labeled in every figure, nor is every component of each

embodiment of the invention shown where illustration is not necessary to allow those of

ordinary skill in the art to understand the invention. In the figures:

FIG. 1 shows a method for sequencing a target nucleic acid in one embodiment of

the invention.



FIGS. 2A-2F show non-limiting examples of nucleic acid probes.

FIG. 3 shows a method for sequencing a target nucleic acid in another

embodiment of the invention.

FIG. 4 shows yet another method for sequencing a target nucleic acid in another

embodiment of the invention.

FIG. 5 shows an example of the preparation of a collection of droplets.

FIGS. 6A-6D, 7A-7C and 8A-8G depict non-limiting examples of methods for

sequencing a target nucleic acid.

FIGS. 9A-9C depict information about fluorescence polarization (FP) detection

in some embodiments of the invention.

FIG. 10 shows a non-limiting example of an experiment set-up in one

embodiment of the invention.

FIG. 11 shows a non-limiting example of an experiment set-up in another

embodiment of the invention.

FIGS. 12A-12B show examples of employing liquid labels as identification

elements.

FIGS. 13A-13B illustrate that fluorescence intensity and fluorescence

polarization may be independently controlled in certain embodiments.

FIG. 14 shows an example of ligation of DNA occurring within droplets, in one

embodiment of the invention.

FIG. 15 shows results of a ligation assay using labeled nucleic acid probes

according to another embodiment.

FIGS. 16A-16E depict a method of ligating a first and a second nucleic acid

probe, in one embodiment of the invention.

FIG. 17A depicts a first group of nucleic acid probes and a second group of

nucleic acid probes that may be used in one method of the present invention, according

to some embodiments.

FIG. 17B depicts a plurality of droplets that may be formed by combining a first

nucleic acid probe from the first group of nucleic acid probes and a second nucleic acid

probe from the second group of nucleic acid probes depicted in FIG. 17A, according to

one embodiment.



FIG. 18A depicts the determination of signaling entities and/or identification

elements in droplet one at a time in a single microfluidic channel.

FIGS. 18B and 18C depict the determination of signaling entities and/or

identification elements in a plurality of droplets at a single time in a plurality of channels

or in a contained area, respectively.

FIG. 19 illustrates a solution comprising a plurality of target nucleic acids formed

into a plurality of droplets, according to one embodiment.

FIGS. 2OA and 2OB show images of a first and a second microfluidic droplet

flowed into a channel such that they merge.

FIG. 2 1 shows a schematic of a process used to merge droplets, in one

embodiment of the invention.

FIG. 22 shows the incubation of a plurality of fused droplets in delay lines.

FIG. 23 shows a graph of the velocity of the fused droplets versus position along

the incubation channel, according to one embodiment.

FIG. 24 shows a picture of a system that is used to determine hybridization,

according to one embodiment.

FIG. 25A shows a schematic of the system similar to the one described in FIG.

24.

FIG. 25B shows the fluorescence polarization that may be observed when

determining a droplet using a system such as the one shown in FIG. 25A.

FIG. 26 shows a picture of a system in which a droplet is deformed during

determination, according to one embodiment.

FIGS. 27A-27D shows the detection of droplets base on the detection of various

intensities, according to one embodiment.

FIG. 28 shows a plot of a plurality of droplets comprising green and/or red dyes

that were prepared and determined using methods of the present invention, according to

one embodiment.

FIG. 29 shows the results of a binding assay of a 3 uM template with i) no target

nucleic acid present, ii) mismatched target nucleic acid present, and iii) matched target

nucleic acid present, according to some embodiments of the invention.



FIG. 30 shows a schematic of a library comprising a first nucleic acid probe

selected from a first group of nucleic acid probes and a second nucleic acid probe

selected from a second group of nucleic acid probes, according to one embodiment.

FIG. 3 1A shows a schematic of a microfluidic device that may be used to

produce four groups of droplets comprising different concentrations of different dyes,

according to one embodiment.

FIG. 3IB shows an image of the first frame of a movie showing the production of

a plurality of droplets that were formed using the device shown in FIG. 3 1A.

FIG. 32 shows a schematic diagram of an emulsion of droplets formed by mixing

a plurality of types of droplets, according to one embodiment.

FIGS. 33A and 33B show the formation of a plurality of droplets comprising a

first nucleic acid probe, a second nucleic acid probe, and a target nucleic acid, according

to some embodiments of the present invention.

FIG. 34 shows a schematic of the refraction of light through a microfluidic

droplet and the resulting droplet glare that will appear on the image of the drop,

according to one embodiment.

FIG. 35 depicts an example of an experiment set-up that may be used to produce

droplet glare, according to one embodiment.

FIG. 36A illustrates the hybridization of two 3-mer nucleic acid probes to a target

nucleic acid, according to one embodiment.

FIG. 36B illustrates ligation of the two 3-mer nucleic acid probes shown in FIG.

36A.

FIG. 37 shows a still frame from a CCD camera video capture of a plurality of

microfluidic droplets comprising droplet glare under a green wavelength filter, according

to one embodiment.

FIG. 38 shows the intensity threshold of a CCD camera image still of a plurality

of droplets comprising droplet glare, according to one embodiment.

FIGS. 39A and 39B shows the mask and mask overlay produced, respectively,

for fluorescent intensity readings of a plurality of droplets comprising droplet glare.

FIGS. 40 and 4 1 show images of a plurality of droplets from a green filter camera

and a red filter camera, respectively, according to one embodiment.



FIG. 42 shows the composite image comprising the overlay of the green and red

camera data from FIGS. 40 and 41, respectively, showing two distinct populations of

droplets.

FIG. 43 shows a histogram of intensity count of over data points sampled in

seconds from images, such as that shown in FIG. 42, according to one embodiment, with

(A) the green channel and (B) the red channel showing bimodal distributions.

FIG. 44 shows a still image capture from a CCD camera of fluorescent intensity

of a plurality of microfluidic droplets with two discrete fluorescent intensity populations.

FIG. 45 shows a still image capture from a CCD camera of a plurality of droplets

with two discrete fluorescent intensity populations comprising droplet glare.

BRIEF DESCRIPTION OF THE SEQUENCES

SEQ ID NO: 1 is ACTTCG, a synthetic DNA sequence;

SEQ ID NO: 2 is *GATCC, a synthetic DNA sequence, where * is a signaling

entity;

SEQ ID NO: 3 is GATCTGNNNN, a synthetic DNA sequence, where N is a

universal base;

SEQ ID NO: 4 is CATATC, a synthetic DNA sequence;

SEQ ID NO: 5 is GATCTNGNNN, a synthetic DNA sequence, where N is a

universal base;

SEQ ID NO: 6 is CXACATC, a synthetic DNA sequence, where X is one of A,

C, G or T;

SEQ ID NO: 7 is

GACTCTGTCCCTCCCTTGTCTACCCTGTGCGTCCCTACTCTACC, a synthetic

DNA sequence;

SEQ ID NO: 8 is biotin-

CCTATCCCCTGTGTGCCTTGCCTATCCCCTGTTGCGTGTCTCAG, a synthetic

DNA sequence;

SEQ ID NO: 9 is CTAAGTTA, a synthetic DNA sequence;

SEQ ID NO: 10 is CTNAGNTA, a synthetic DNA sequence, where N is a

universal base;



SEQ ID NO: 11 is CTANNTTA, a synthetic DNA sequence, where N is a

universal base; and

SEQ ID NO: 12 is

CGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATCC

GTAATCATGGCCAT, a synthetic DNA sequence.

DETAILED DESCRIPTION

The present invention relates to systems and methods for sequencing nucleic

acids, including sequencing nucleic acids in fluidic droplets. In one set of embodiments,

the method employs sequencing by hybridization using droplets such as microfluidic

droplets. In some embodiments, droplets are formed which include a target nucleic acid,

a nucleic acid probe, and at least one identification element, such as a fluorescent

particle. The nucleic acid probes that hybridize to the target nucleic acid are determined,

in some instances, by determining the at least one identification element. The nucleic

acid probes that hybridize to the target nucleic acid may be used to determine the

sequence of the target nucleic acid. In certain instances, the microfluidic droplets are

provided with reagents that modify the nucleic acid probe. In some cases, a droplet, such

as those described above, is deformed such that the components of the droplets

individually pass a target area.

In one aspect, the present invention relates to systems and methods for

sequencing a target nucleic acid. In various embodiments, a target nucleic acid may be

replicated and contained within a plurality of fluidic droplets, which may also contain

nucleic acid probes, identification elements, or the like. As is discussed in detail below,

by determining the nucleic acid probes within the fluidic droplets, the sequence of the

target nucleic acid may be determined. In one embodiment, the present invention relates

to a method of providing a microfluidic droplet which comprises a nucleic acid probe

and at least one identification element, providing a second microfluidic droplet which

comprises a target nucleic acid, and fusing the first fluidic droplet and the second fluidic

droplet to form a fused fluidic droplet. In some cases, the method further comprises

determining whether the nucleic acid probe is associated with the target nucleic acid,

e.g., such that the nucleic acid probe and the target nucleic acid remain together in

solution and form a relatively stable duplex, for instance through non-covalent



interactions such as hydrogen bonding, base pairing, etc., and do not readily separate

while in solution. In some instances, the nucleic acid probe may hybridize to the target

nucleic acid. Additionally, in some cases, the identity of the at least one identification

element may be determined.

As a non-limiting example, a first embodiment is shown in FIG. 1. In this FIG., a

first fluidic droplet 10 is provided, containing a nucleic acid probe 11 and at least one

identification element 12. Additionally, in this example, a second fluidic droplet 13 is

provided, which contains a target nucleic acid 14. The first fluidic droplet is fused with

the second fluidic droplet to form a fused fluidic droplet 15, as indicated by arrow 100.

In some cases, nucleic acid probe 11 may become associated with target nucleic acid 14,

as indicated by arrow 101, and the association of the target nucleic acid and the nucleic

acid probe may be determined, as shown by arrow 102. For instance, the nucleic acid

probe and the target nucleic acid may become associated 16 due to complementary or

substantially complementary sequences. In some cases, a sequence of the nucleic acid

probe may be determined to determine the sequence of at least a portion of the target

nucleic acid by determining the at least one identification element 12 (shown by arrows

103 and 104), as is discussed in detail below.

In some cases, a collection of droplets is used, in which the droplets may contain

distinguishable nucleic acid probes and/or identification elements. By determining

association of the target nucleic acid with the distinguishable nucleic acid probes, e.g., by

using the identification elements, the sequence of the target nucleic acid may be

determined. Typically, not all of the target nucleic acid contained in each of the fluidic

droplets will associate with all of the nucleic acid probes, and by determining which

nucleic acid probes are able to associate with the target nucleic acid, the sequence of the

target nucleic acid may be determined. Methods for preparing a collection of droplets is

discussed in more detail below.

As mentioned, various embodiments of the invention are directed towards

containing nucleic acids and/or other species within fluidic droplets. As used herein, a

"fluid" is given its ordinary meaning, i.e., a substance that tends to flow and to conform

to the outline of its container. Typically, fluids are materials that are unable to withstand

a static shear stress, and when a shear stress is applied, the fluid experiences a continuing

and permanent distortion. Thus, the fluid may have, in some cases, any suitable



viscosity that permits at least some flow of the fluid. Non-limiting examples of fluids

include liquids and gases, but may also include free-flowing solid particles, viscoelastic

fluids, and the like.

A "droplet," as used herein, is an isolated portion of a first fluid that is

completely surrounded by a second fluid. It is to be noted that a droplet is not

necessarily spherical, but may assume other shapes as well, for example, depending on

the external environment. In one embodiment, the droplet has a minimum cross-

sectional dimension that is substantially equal to the largest dimension of the channel

perpendicular to fluid flow in which the droplet is located. The diameter of a droplet, in

a non-spherical droplet, is the diameter of a perfect mathematical sphere having the same

volume as the non-spherical droplet.

The fluidic droplets may be formed using any suitable technique. For example,

the droplets may be formed by shaking or stirring a liquid to form individual droplets,

creating a suspension or an emulsion containing individual droplets, or forming the

droplets through pipetting techniques, needles, or the like. Other non-limiting examples

of the creation of droplets are disclosed in U.S. Patent Application Serial No.

11/024,228, filed December 28, 2004, entitled "Method and Apparatus for Fluid

Dispersion," by Stone, et al., published as U.S. Patent Application Publication No.

2005/0172476 on August 11, 2005; U.S. Patent Application Serial No. 11/246,91 1, filed

October 7, 2005, entitled "Formation and Control of Fluidic Species," by Link, et al.,

published as U.S. Patent Application Publication No. 2006/0163385 on July 27, 2006; or

U.S. Patent Application Serial No. 11/360,845, filed February 23, 2006, entitled

"Electronic Control of Fluidic Species," by Link, etal., published as U.S. Patent

Application Publication No. 2007/0003442 on January 4, 2007, International Patent

Application No. PCT/US2008/00794 1, filed June 26, 2008, entitled "Methods and

Apparatus for Manipulation of Fluidic Species," each incorporated herein by reference.

Various embodiments of the invention use a plurality or series of fluidic droplets.

The fluidic droplets may be polydisperse (e.g., having a range of different sizes), or in

some cases, the fluidic droplets may be monodisperse or substantially monodisperse,

e.g., having a homogenous distribution of diameters, for instance, such that no more than

about 10%, about 5%, about 3%, about 1%, about 0.03%, or about 0.01% of the droplets

have an average diameter greater than about 10%, about 5%, about 3%, about 1%, about



0.03%, or about 0.01% of the average diameter. The "average diameter" of a population

of droplets, as used herein, is the arithmetic average of the diameters of the droplets.

Those of ordinary skill in the art will be able to determine the average diameter of a

population of droplets, for example, using laser light scattering or other known

techniques. As non-limiting examples, the average diameter of a droplet may be less

than about 1 mm, less than about 500 micrometers, less than about 200 micrometers, less

than about 100 micrometers, less than about 75 micrometers, less than about 50

micrometers, less than about 25 micrometers, less than about 10 micrometers, or less

than about 5 micrometers. The average diameter of the droplet may also be at least about

1 micrometer, at least about 2 micrometers, at least about 3 micrometers, at least about 5

micrometers, at least about 10 micrometers, at least about 15 micrometers, or at least

about 20 micrometers in certain cases.

A fluidic droplet may contain a target nucleic acid to be sequenced, and the target

nucleic acid may be any suitable nucleic acid. For example, the target nucleic acid may

be a nucleic acid that encodes a biological entity, such as a protein, an enzyme, an

antibody, a receptor, a ribozyme, a ribosome, or the like, and/or a portion thereof. As

another example, the target nucleic acid may be a regulatory sequence or a non-coding

sequence, for instance, a small interfering RNA, a microRNA, a small hairpin RNA, or

the like. The target nucleic acid can be any number of nucleotides in length, for

example, on the order of about 25, about 50, about 60, about 64, about 70, about 80,

about 90, about 100, about 200, about 400, about 800, about 1600, about 3200, about

6400, or even more nucleotides in length. Non-limiting examples of target nucleic acids

(and other types of nucleic acids, as are described herein) include ribonucleic acid

(RNA), deoxyribonucleic acid (DNA), or mixtures or copolymers thereof, which may be

isolated from natural sources, recombinantly produced, artificially synthesized, etc. The

nucleic acid may contain residues such as adenosine or "A," thymidine or "T," guanosine

or "G," cytidine or "C," or uridine or "U," or other residues, such as the universal

residues discussed in detail below. The nucleic acid can be double-stranded or single

stranded to facilitate hybridization. Moreover, the nucleic acid can be obtained from

virtually any source. For instance, the nucleic acid may be isolated from a cell or a virus,

synthesized using traditional chemical synthesis, synthesized using polymerase chain

reaction (PCR) technology, or the like.



The target nucleic acid contained within the droplet may then be exposed to a

nucleic acid probe and/or one or more identification elements. For instance, as

previously discussed, a fluidic droplet containing the target nucleic acid may be fused

with a second fluidic droplet containing a nucleic acid probe and at least one

identification element. Various techniques for fusing droplets together are discussed in

more detail below.

Nucleic acid probes are generally used, in certain embodiments, to determine

certain sequences within the target nucleic acid. Often, short portions of the target

nucleic acid can be associated with the nucleic acid probe, for instance, a sequence of

less than about 20 residues, less than about 15 residues, less than about 10 residues, less

than 9 residues, less than 8 residues, less than 7 residues, less than 6 residues, less than 5

residues, less than 4 residues, etc. The residues are typically contiguous within the target

nucleic acid probe although, in some cases as discussed below, some of the residues

within the target nucleic acid are not necessarily contiguous. In some embodiments, a

nucleic acid probe may contain a relatively short sequence of nucleic acid residues that is

able to recognize at least a portion of the target nucleic acid, and often has a similar

length as the recognized portion of the target nucleic acid. For instance, the nucleic acid

probe may have a sequence having length of less than about 20 nucleotides or less than

about 10 nucleotides in some cases, or a length such as those described above. In one

case, the length of the nucleic acid probe sequence may be four residues (e.g., Figure

2A). In another case, the length may be five residues (e.g., Figure 2B). In yet another

case, the length may be six residues (e.g., Figure 2C). The nucleic acid probe sequences

within the nucleic acid probe may be contiguous, or the sequence may be non¬

contiguous. For instance, there may be universal residues or gaps present. In some

instances, the nucleic acid probe may be labeled in some manner, such as with a

signaling entity, for instance, a radioisotope or with a fluorescence tag (e.g., Figure 2D).

Various signaling entities and other examples of nucleic acid probes will be discussed in

more detail below.

The nucleic acid probe may be selected such that at least some of the probes will

contain sequences complementary or substantially complementary to the target nucleic

acid sequence. For instance, in one embodiment, the nucleic acid probe sequences are

selected such that every permutation of nucleic acid residues of a certain size or number



(or range of sizes or numbers) is represented, thereby ensuring that at least one of those

nucleic acid probe sequences is substantially complementary to the target nucleic acid.

As used herein, a first sequence that is "substantially complementary" to a second

sequence is one which at least about 75% of the first and second sequences are

complementary (e.g., through Watson-Crick complementarity pairing, or optionally also

including G:U wobble) and/or the sequences have a maximum of 1 or 2 base

mismatches. In some embodiments, the two sequences may be at least about 80%, at

least about 85%, at least about 90%, at least about 95%, at least about 97%, at least about

98%, at least about 99%, or at least about 100% complementary.

In some embodiments, a plurality of distinguishable or non-identical nucleic acid

probes is used, for example, nucleic acid probes having one or more differences in the

sequence of residues contained within the nucleic acid probes. For instance, a plurality

of fluidic droplets may be used, and the fluidic droplets may each contain a specific

nucleic acid probe sequence. The fluidic droplets may be prepared such that each fluidic

droplet contains only one nucleic acid probe sequence (although multiple copies of the

nucleic acid probe may be present). In addition, in some cases, different fluidic droplets

may independently contain the same or different nucleic acid probe sequence (e.g., such

that there is some redundancy so that not each fluidic droplet in a given population or

collection of droplets is necessarily unique).

In some cases, the nucleic acid probe can be labeled, e.g., with a signaling entity.

The signaling entity may be determined in some fashion using a detection method, such

as those discussed below. The signaling entity may be included within the nucleic acid

probe at any suitable location, for example, at a 5' terminal site of the nucleic acid

sequence of the nucleic acid probe, a 3' terminal site, or at an internal site within the

nucleic acid probe. In some cases, the signaling entity can be chosen such that it

produces a different signal (or does not produce a signal) when the nucleic acid probe is

associated with a target nucleic acid compared to when the nucleic acid probe is not

associated with the target nucleic acid. The signaling entity can include, but is not

limited to, a fluorescent dye, a chemiluminescent entity, a radioactive label, an isotope

such as a non-radioactive isotope or an isotope detectable by mass spectrometry (e.g., an

electrophore mass label (EML)), a ligand which can serve as a specific binding partner to

a labeled antibody, an enzyme, an antibody which can serve as a specific binding partner



for a labeled ligand, an antigen, a group having a specific reactivity, and/or an

electrochemically detectable moieties. Non-limiting examples of fluorescent signaling

entities include fluorescein, rhodamine, or hexachlorofluorescein; those of ordinary skill

in the art will be aware of other fluorescent entities that are readily commercially

available. Yet other examples of signaling entities are discussed in detail herein.

For instance, in one embodiment, a nucleic acid probe can include a sequence of

nucleic acid residues, a signaling entity, and a quencher or an enhancer (e.g., as is shown

in Figure 2E, with the signaling probe labeled S and a quencher labeled Q). The

signaling entity may be, e.g., a fluorescent entity, and may be located anywhere in the

nucleic acid probe, for instance, covalently attached to the 5' end of the nucleic acid

sequence. Non-limiting examples of fluorescent entities potentially suitable for use in

the nucleic acid probe in various embodiments include 6-carboxyfluorescein and

tetrachlorofluorescin. The quencher or enhancer may be any entity able to affect the

signaling entity in some fashion, e.g., by respectively inhibiting or facilitating

determination of the signaling entity. For instance, the proximity of a fluorescent

signaling entity and a quencher within a nucleic acid probe may be such that the

quencher is able to partially or completely inhibit fluoresence of the signaling entity,

while an enhancer may be able to enhance the fluorescence of a fluorescent signaling

entity when the enhancer is positioned proximate the signaling entity. The quencher or

enhancer may also be located anywhere in the nucleic acid probe, for example, attached

to the 3' end of the nucleic acid sequence. Non-limiting examples of quenchers include

tetramethylrhodamine and dihydrocyclopyrroloindole tripeptide.

As a non-limiting example, a quencher (or similarly, an enhancer) can be used

within a signaling entity in a nucleic acide probe as follows. A nucleic acid probe

associated with a target nucleic acid may be removed or dissociated from the target

nucleic acid by the action of certain enzymes or other species, for instance, polymerases

such as Taq polymerases. For instance, in some cases, a polymerase may cause

degradation of the nucleic acid sequence within the nucleic acid probe to occur, which

may cause release of the signaling entity and/or the quencher or enchancer and hence, the

quencher or enchancer may no longer be proximate to or at least substantially affect the

signaling entity. Thus, degradation of the nucleic acid probe can be determined by

determining a change in the signaling entity. In contrast, in systems where the nucleic



acid probe does not sufficiently associate with the target nucleic acid (e.g., if no

sufficiently complementary sequences are present), no degradation of the nucleic acid

probe would occur through action of the polymerase or other species (e.g., any assocition

that exists between the target nucleic acid and the nucleic acid probe is too transient or

short for enzymatic action to occur), and thus, no significant change in the signal of the

signaling entity could be determined. Accordingly, in one embodiment, a polymerase

such as Taq polymerase may be provided to a fluidic droplet comprising a nucleic acid

probe and a target nucleic acid. The polymerase may be provided to the fluidic droplet

using any suitable technique, as discussed herein.

In some cases, a nucleic acid probe may comprise at least one locked nucleic acid

(LNA) residue (see, e.g., Figure 2F). A locked nucleic acid residue is a nucleic acid

analog that has a chemical shape similar to a naturally occuring nucleic acid residue

(e.g., being able to form 2 or 3 hydrogen bonds with a complentory residue), but is not

free to rotate in as many dimensions as a naturally occuring nucleic acid residue. For

instance, in some cases, a locked nucleic acid residue may contain a 2'-O, 4'-C

methylene bridge, where the methylene bridge "locks" the ribose in the 3'-endo

structural conformation, which is often found in the certain form of DNA or RNA. The

locked ribose conformation may enhance residue stacking and/or backbone pre-

organization. This can significantly increase the thermal stability (e.g., melting

temperature) of the nucleic acid sequence in some cases. As discussed in detail below, a

nucleic acid probe containing one or more locked nucleic acid residues may be useful in

certain embodiments because the locked nucleic acid residue may exhibit increased

affinity for association with the target nucleic acid, e.g., due to the restrictions on its

ability to internally rotate.

In certain embodiments, the nucleic acid probe may contain a universal residue,

which may be able to engage in a residue-pairing relationship with more than one natural

nucleotide, and in some cases, with all of the natural nucleotides. Exemplary universal

residues include 5-nitroindole and 3-nitropyrrole, although other universal residues

useful for the systems and methods described herein will be known to those of skill in

the art. As discussed below, a nucleic acid probe containing one or more universal bases

may be useful in certain embodiments. The nucleic acid probes may be synthesized

using any suitable technique, e.g., solid phase phosphoramidite triester methods. In



some cases, a plurality of nucleic acid probes is synthesized, forming a library of such

probes. The library may include a plurality of sequences, for example, organized in a

plurality of fluidic droplets. In some (but not all) embodiments, the library may contain

sequences that have roughly the same number of residues, for example, around 4

residues, around 5 residues, around 6 residues, around 7 residues, etc. The library of

nucleic acid probes may be prepared using any suitable technique, and may be produced

using manual techniques or automated, e.g., using a robotic apparatus.

In one embodiment, the nucleic acid probes can be produced in parallel. For

instance, a microfluidic device may be used to allow for parallel creation of a library of

nucleic acid probes. For instance, a microfluidic drop maker may be replicated many

times on a single chip, and each drop maker may be used to prepare a different nucleic

acid probe. Non-limiting examples of techniques of producing droplets of fluid

surrounded by a liquid are described in U.S. Patent Application Serial No. 11/024,228,

filed December 28, 2004, entitled "Method and Apparatus for Fluid Dispersion,"

published as U.S. Patent Application Publication No. 2005/0172476 on August 11, 2005;

U.S. Patent Application Serial No. 11/360,845, filed February 23, 2006, entitled

"Electronic Control of Fluidic Species," published as U.S. Patent Application Publication

No. 2007/000342 on January 4, 2007; or U.S. Patent Application Serial No. 11/368,263,

filed March 3, 2006, entitled "Systems and Methods of Forming Particles," published as

U.S. Patent Application Publication No. 2007/00541 19 on March 8, 2007, each

incorporated herein by reference. For example, in some embodiments, an electric charge

may be created on a fluid surrounded by a liquid, which may cause the fluid to separate

into individual droplets within the liquid.

In one embodiment, the library may comprise every possible sequence for a set

of nucleic acid sequences having a certain length or lengths. In another embodiment, the

library may comprise at least about 30%, at least about 50%, at least about 80%, at least

about 85%, at least about 90%, at least about 95%, or at least about 100% of all possible

sequences having a certain length or lengths. Some techniques for preparing a library are

discussed below.

In many embodiments, at least one identification element is present. An

"identification element" as used herein, is a species that includes a component that can

be determined in some fashion, e.g., the identification element may be identified when



contained within a droplet. The identification [spell checker not working?] elements

may be insoluble (e.g., suspended) or soluble within the droplet. Non-limiting examples

include identification elements detectable by fluorescence, chemiluminescence,

radioactivity, or the like. Specific examples include, but are not limited to, particles

containing dyes, quantum dots, or fluorescent particles which, in some embodiments,

may also have other species attached thereto, for instance, oligonucleotides such as those

described herein. In some cases, more than one identical identification element may be

present within any given droplet.

In certain embodiments, more than one non-identical identification element may

be used, e.g., within a droplet. For instance, a droplet may contain at least two

distinguishable identification elements, at least three distinguishable identification

elements, at least four distinguishable identification elements, at least five

distinguishable identification elements, etc. Identification elements may be distinguished

using any suitable method, e.g., color, fluorescence, absorption, intensity, size, charge,

radioactivity, mass, or the like.

In one set of embodiments, particles or microparticles (e.g., beads) may be used

as identification elements. The particles may have any dimension, and may be spherical

or non-spherical. For instance, the particles may have average diameters ranging from

approximately about 100 run to about 100 um in diameter in some cases. In certain

embodiments, the particles may have an average diameter of less than about 1

micrometer, less than about 300 nm, less than about 100 nm, less than about 30 run, or

less than about 10 nm. The average diameter, as used herein, is the arithmetic average of

the diameters of the particles contained within the droplets. The diameters of a non-

spherical particle, as used herein, is the diameter of a perfect mathematical sphere having

the same volume as the particle.

In some embodiments, a plurality of identification elements may be chosen to

identify droplets such that there are at least 3 distinguishable identification elements, at

least 4 distinguishable identification elements, at least 6 distinguishable identification

elements, at least 8 distinguishable identification elements, at least 9 distinguishable

identification elements, at least about 10 distinguishable identification elements, at least

about 20 distinguishable identification elements, at least about 30 distinguishable

identification elements, at least about 40 distinguishable identification elements, at least



about 50 distinguishable identification elements, at least about 60 distinguishable

identification elements, at least about 70 distinguishable identification elements , at least

about 80 distinguishable identification elements, at least about 90 distinguishable

identification elements, at least about 100 distinguishable identification elements, etc.

One non-limiting example of a plurality of distinguishable identification elements are the

Luminex FlexMAP Microspheres beads commercially available from Luminex Corp.

Beads or particles such as these may be distinguished, according to one embodiment, by

the use of two or more dyes or other compounds that can be independently varied within

each bead or particle. Therefore, a plurality of distinguishable beads may be used as a

plurality of identification elements, according to certain embodiments. As another,

specific non-limiting example, particles comprising polystyrene and one or more dyes

may be used as identification elements. The dyes employed within the particles may

include, for instance, squaric acid-based molecules or other fluorescent molecules that

exhibit fluorescence, e.g., extending into near infrared and/or infrared region. In some

cases, two or more dyes with concentrations that can be independently controlled can be

used within each particle.

In one aspect, a target nucleic acid may be exposed to a nucleic acid probe and at

least one identification element. For instance, the nucleic acid probe and the at least one

identification element may be contained within a first fluidic droplet, and the target

nucleic acid may be contained within a second fluidic droplet, which are then fused

together (e.g., as discussed below), thereby exposing the target nucleic acid to the nucleic

acid probe. By determining association of the target nucleic acid probe and the nucleic

acid probe, the sequence of at least a portion of the target nucleic acid probe may be

determined. In some cases, by repeating this with a plurality of different nucleic acid

probes, the sequence of the entire target nucleic acid probe may be determined.

One set of embodiments for sequencing a target nucleic acid is generally

described as follows. A first fluidic droplet is provided that includes a nucleic acid probe

and at least one identification element. In this example, the nucleic acid probe comprises

a sequence of nucleic acid residues attached to a signaling entity and a quencher or

enhancer. For instance, the nucleic acid probe may contain 4, 5, 6, 7, 8, or 9 residues.

Signaling entities, quenchers, and enhancers were discussed above. A second fluidic

droplet is also provided which includes a target nucleic acid. The first fluidic droplet and



the second fluidic droplet may be fused according to any suitable method, including the

ones discussed herein. The fused fluidic droplet also can comprise a polymerase. The

polymerase may be incorporated in the fused fluidic droplet by providing the polymerase

to the first fluidic droplet or the second fluidic droplet before the droplets are fused, or

directly to the third fluidic droplet after the first and second droplet were fused. In

certain cases, e.g., where the respective sequences of the nucleic acid probe and the

target nucleic acid are complementary or substantially complementary, the nucleic acid

probe may hybridize to or otherwise associate with the target nucleic acid after fusion of

the first and second droplets. In these cases, as discussed above when using a nucleic

acid probe that comprises a signaling entity and a quencher or enhancer, the polymerase

may cause degradation of the nucleic acid probe to occur when the nucleic acid probe

hybridizes or associates with the target nucleic acid. The signaling entity and/or the

quencher or enchancer may then be released from the nucleic acid probe due to action of

the polymerase, and hence, the quencher or enchancer may no longer substantially affect

the signaling entity, which can be determined. However, if the nucleic acid probe does

not hybridize or otherwise associate with the target nucleic acid, e.g., due to a lack of

sufficient complementarity, then no change in the signaling entity may be determined

after fusion of the first and second droplets. Thus, the determination of a change in the

signaling entity may be used to determine whether the nucleic acid probe hybridized to

or otherwise associated with the target nucleic acid. The at least one identification

element may also be determined and/or be employed in the determination of the

sequence of the nucleic acid probe.

A non-limiting example is shown in FIG. 3. In this figure, a first fluidic droplet

20 is shown containing a nucleic acid probe 2 1 and at least one identification element 22.

In other embodiments, however, two, three, or four or more identification elements may

be used within the droplet. Nucleic acid probe 2 1, in this figure, includes a nucleic acid

sequence 23 attached to a signaling entity 24 and a quencher ("Q") 25 (although in other

embodiments, an enhancer may be used instead of a quencher). Additionally, a second

microfluidic droplet 26 is provided which contains a target nucleic acid 27. In this

example, first fluidic droplet 20 is fused with second fluidic droplet 26 to form a fused

fluidic droplet 28, as indicated by arrow 200. A polymerase 29 is present within the

fused fluidic droplet (for example, that was present in the first and/or second fluidic



droplets). If nucleic acid probe 2 1 associates with target nucleic acid 27, as indicated by

arrow 201, signaling entity 24 is displaced from nucleic acid 23 and quencher 25, as

indicated by arrow 202. In certain instances, nucleic acid probe 2 1 and target nucleic

acid 27 may associate (e.g., if the nucleic acid probe and the target nucleic acid are

complementary or substantially complementary), and their association can be detected by

determining a change in signaling entity 24, as indicated by arrow 203. In some cases,

the sequence of nucleic acid 23 may then be determined by determining identification

element 22 (shown by arrows 204 and 205)

Another set of embodiments for sequencing a target nucleic acid uses ligases to

join nucleic acid probes together in the presence of a target nucleic acid. An example is

as follows. A first fluidic droplet may be provided that comprises at least a first and a

second nucleic acid probe selected from a first group and a second group of nucleic acid

probes, respectively. In some cases, however, two fluidic droplet may be provided,

either comprising the first or the second nucleic acid probe selected from the first or the

second group of nucleic acid probes, respectively. The nucleic acid probes each

comprise a sequence of nucleic acid residues attached to a signaling entity, a quencher

and/or an enhancer, as discussed more herein. A second fluidic droplet is also provided

which comprises a target nucleic acid. The first fluidic droplet (or two separate fluidic

droplets) and the second fluidic droplet can then be fused using any suitable method, as

discussed herein.

In addition, a ligase can be incorporated in the fused fluidic droplet. The ligase

can be incorporated in the fused fluidic droplet by providing the ligase to the first fluidic

droplet or the second fluidic droplet before the droplets are fused, or directly to the fused

fluidic droplet after the first and second droplet were fused.

In some embodiments, the first and the second nucleic acid probes can associate

with the target nucleic acid, e.g., if the target nucleic acid and the nucleic acid probes

have substantial complementarity. In these instances, the nucleic acid probes may be

joined together (e.g., via ligation with the ligase), which can be used (as discussed

below) to determine the association with the nucleic acid probe. For instance, in some

cases, the first nucleic acid probe and the second nucleic acid probe will associate (e.g.,

hybridize) with the target nucleic acid in positions adjacent to each other (e.g., the

sequence of the first nucleic acid is substantially complimentary with the target nucleic



acid and the sequence of the second nucleic acid is substantially complimentary with the

target nucleic acid adjacent to the sequence which is substantially complimentary with

the first nucleic acid probe). In such cases, ligation of the first and the second nucleic

acid probes can occur due to the presence of the ligase. However, in other instances

where the first and the second nucleic acid probes do not associate in positions adjacent

on the target nucleic acid, no ligation can occur. As an example, the first and the second

nucleic acid may have sequences which are substantially complimentary with the target

nucleic acid but the sequences are not adjacent to each other (e.g., one or more residues

may be present in the target nucleic acid probe between the sequence complimentary to

the first and the second nucleic acid probes).

In some embodiments, it may be advantageous to use ligation methods such as

describe above for sequencing a target nucleic acid. For example, as described more

herein, such methods may allow the formation of relatively large sequencing libraries

from smaller libraries. This can reduce and time to and/or cost of the (e.g., cost of

reagents) synthesis of the library. In addition, the ligation method can comprise

enhanced signals, in some embodiments, as compare to non-ligation methods, since

ligation increases probe length, which in turn can increase the binding energy. In some

cases, such methods may increases single base pair specificity, thereby increasing the

accuracy of the sequencing process. This is because shorter nucleic acid probes may

have higher single-base pair specificity as compared to a longer nucleic acid probes.

Specificity and binding energy may also be enhanced in some cases by using nucleic

acid probes comprising universal bases, locked-nucleic acids, gaps, or other biochemical

reagents to engineer probe structure and optimize the process, e.g., as discussed herein.

The ligation method may also advantageously combine the benefits of using a library

comprising of both long and short nucleic acid probes in some cases. For example, short

probes may be used to form longer probes, which generally will be more tightly bound to

the nucleic acid probe. On the other hand, longer probes are generally less specific than

shorter nucleic acid probes due to flexibility of the probe. Therefore, certain ligation

methods may take advantage of some of the benefits of shorter and longer probes (e.g.,

specific binding of shorter probes, but once bound, the shorter probes are ligated to form

a longer probe, therefore the binding is tighter).



A non-limiting example of a ligation method of the present invention is

illustrated in FIG. 16. As shown in FIG. 16A, target nucleic acid 80 is exposed to a first

nucleic acid probe 82 and a second nucleic acid probe 84. In some cases, the first and

second nucleic acid probes may hybridize with the target nucleic acid adjacent to each

other as shown in FIG. 16B, and as indicated by arrow 81. Target nucleic acid 80

comprising the first 82 and second 84 nucleic acid probes may then be exposed to ligase

86, as indicated by arrow 83. As shown in FIG. 16C, the first and the second nucleic

acid probes may be ligated to form a nucleic acid oligomer 88. In some cases, however,

the first and the second nucleic acid probes do not hybridize adjacent to each other on the

target nucleic acid, as shown in FIG. 16E and indicated by arrow 87. In such instances,

upon exposure of the target nucleic acid 80 comprising the first 82 and second 84 nucleic

acid probes to ligase 86, as indicated by arrow 89, no substantial ligation of the nucleic

acid probes will occur. In some cases, one or both of the nucleic acid probes will not

hybridize to the target nucleic acid (e.g., the sequence is not substantially

complimentary), and no ligation will occur between the first nucleic acid probe and the

second nucleic acid probe. As an example, as shown in FIG. 16D and as indicated by

arrow 85, only first nucleic acid probe 82 hybridizes with target nucleic acid 80 while

second nucleic acid probe 84 does not hybridize with target nucleic acid 80.

As another non-limiting example, if two 3-mers nucleic acid probes are

complimentary, hybridize adjacently, and in the correct order, they may be ligated,

forming a new 6-mer, as illustrated in FIGS. 36A and 36B. FIG. 36A shows

hybridization of contiguous complimentary 3-mers to a target nucleic acid. FIG. 36B

shows the ligation of nucleic acid probes with a ligase. Ligation covalently bonds

together the two 3-mer probes forming a more tightly bound 6-mer. Before ligation, the

binding energies of the probes are merely that of the 3-mers, which is generally too small

to be detected at room temperature. After ligation, the two 3-mers become a 6-mer,

which has twice the binding energy of the 3-mers, and thus can hybridize, as shown in

Fig 53C. Ligation of the probes thus relies on the highly specific but transient binding of

the short probes to produce a tightly bound combined probe.

The ligation of the first and the second nucleic acid probes may be determined,

for example, by a change in a signaling entity associated with at least one of the nucleic

acid probes. If the first and the second nucleic acid probes are complementary or



substantially complementary in adjacent positions to the target nucleic acid, then the first

and the second nucleic acid probes (including a signaling entity) associates with the

target nucleic acid and participate in a ligation reaction as discussed above. Accordingly,

by determining the signaling entity of the ligated nucleic acid probes, a portion of the

sequence of the target nucleic acid may be determined, based on both the sequences of

the nucleic acid probes. Conversely, if the first or the second nucleic acid probes are not

able to associate with the target nucleic acid sequence (e.g., if the sequences are not

sufficiently complementary), then no ligation reaction can occur, and the determined

signal entity will have a different signal. In some cases, each nucleic acid probe from the

first group comprises a first signaling entity or identification element and each nucleic

acid probe from the second group comprises a second signaling entity or identification

element. The ligation of a first and a second nucleic acid probe may be determined by

determining the first and/or second signaling entity and/or identification element.

In some cases, the first group of nucleic acid probes and/or the second group of

nucleic acid probe may comprise at least a portion of all of the sequences of a selected

length. For example, the first group of nucleic acid probes may comprise at least one of

each of a portion of all probes with 3 nucleic acid residues. The first group of nucleic

acid probes and the second group of nucleic acid probes may or may not be substantially

similar. In some cases, the first group of nucleic acid probes comprises essentially of the

same probes as the second group of nucleic acid probes. In some cases, the first group

and the second group of nucleic acid probes comprises substantially all possible 3-mers.

In some cases, a droplet may comprise a single probe from the first group and a single

probe from the second group. In other cases, a droplet may comprise a plurality of

probes of a first type from the first group and a plurality of probes of a second type from

the second group.

The first group and the second group of nucleic acid probes may be substantially

similar or different. For example, the first group and the second group of nucleic acids

may be substantially similar if the first group and the second group comprises at least a

portion of all possible 3-mers, but may differ in that they comprise differing signaling

entities or the signaling entity is located at differing positions (e.g., 3'-end vs. 5'-end).

The first group of distinguishable identification elements and the second group of

distinguishable identification elements may be the substantially similar or different. In



some embodiments, the first group and/or second group of nucleic acid probes comprises

at least a portion of possible 3-mers, 4-mers, 5-mers, 6-mers, 7-mers, 8-mers, 9-mers, 10-

mers, or the like.

Other nucleic acid residues may also be present in some cases, in addition to A,

G, C, and T. For instance, in some cases, at least some of the nucleic acid probe may

additionally comprise at least one universal residue. For example, a 3-mer comprising

additional universal residues may have the sequence NNNXXX wherein N is a universal

residue and each X in XXX is independently either one of A, G, C, or T (e.g., the 3-mer).

A universal base or universal residue (e.g., "N"), as used herein, refers to a base

that, when incorporated into a polymeric structure in the form of a nucleobase (e.g., a

nucleotide or a PNA) does not significantly discriminate between bases on a

complementary polymeric structure having nucleobases. For example, a universal base

can hybridize to more than one nucleotide selected from A, T, C, and G. Universal

residues will be known to those or ordinary skill in the art. Non-limiting examples of

universal residues include deoxyinosine, 3-nitropyrrole, 4-nitroindole, 6-nitroindole, 5-

nitroindole, 6-methyl-7-azaindole, pyrrollpyrizine, imidizopyridine, isocarbostyril,

propynyl-7-azaindole, propynylisocarbostyril, allenyl-7-azaindole, 8-aza-7-deaza-2'-

deoxyguanosine, 8-aza-7-deaza-2'-deoxyadenosine, 2'-deoxycytidine, 2'-deoxyuridine,

2'-deoxyadenosine, 2'-deoxyguanosine, 7-deaza-2' -deoxyinosine, 2'-aza-2'-

deoxyinosine, 3'-nitroazole, 4'-nitroindole, 5'-nitroindole, 6'-nitroindole, 4-

nitrobenzimidazole, nitroindazole (e.g. , 5'-nitroindazole), 4-aminobenzimidazole,

imidazo-4,5-dicarboxamide, 3'-nitroimidazole, imidazole-4-carboxamide, 3-(4-nitroazol-

l-yl)-l, 2-propanediol, and 8-aza-7-deazaadenine.

In some cases, the first group of nucleic acid probes may be capable of ligating

on the 3' end and the second group of nucleic acid probes may be capable of ligating on

the 5' end, such the only one end of each of the first nucleic acid probe and the second

nucleic acid probe may ligate with each other. Therefore, the probes need to hybridize to

the target nucleic acid in the correct order in order for ligation to occur. That is, the

probes must hybridize to the target nucleic acid such that the 3' end of the first probe and

the 5' end of the second probe are adjacent to each other and the probes are capable of

being ligated. If the first probe and the second probe hybridized to the target nucleic acid

such that the 5' end of the first probe and the 3' end of the second probe are adjacent to



each other, the probes may not be capable of binding (e.g., if the 5' end of the first probe

and the 3' end of the second probe comprise an entity (e.g., identification element,

signaling entity, etc.) that prevents hybridization at that end).

The ligation method may allow a relatively smaller number of droplets to be

initially prepared. For example, if a plurality of droplets were to be created comprising

the total number of all possible hexamers, 4,096 types of droplets would have to be

produced using the techniques described herein. However, if all possible hexamers were

to be investigated using the ligation method described above using two groups of 3-mers,

only 128 types of droplets would have to be produced (e.g., a first group of 3-mers (64)

and a second group of 3-mers (64). The droplets of the first group may be fused with the

droplets of the second group to form the library of droplets, each droplets comprising a

droplet from the first group and a droplets from the second group.

Using SBH (sequencing by hybridization) bioinformatics, the length of target

nucleic acid that can be sequenced in a single pass can be estimated to be about one

quarter of the number probes in the library. For example, for a library of 3-mers for

which there are 64 elements (43), a target nucleic acid of about 10-12 bases can be

sequenced. As another example, for a library of 6-mers for which there are 4096

elements, a target nucleic acid of about 1000 bases can be sequenced. As yet another

example, for a library of 12-mers of which there are about 17 million probes, a target

nucleic acid of about 4 million bases can be sequenced. Such a large library, however, is

impractically large for synthesizing with standard methods. With certain methods of the

invention, however, 12-mers can be formed by ligating together two 6-mers, which

require that 4096 + 4096 = 8192 probes of the 6-mer libraries be synthesized. This is

0.0005% the number of probes in the full 17 million element library. As described, the

6-mers that make the 12-mer can themselves be formed by ligating 3-mers, so that the

12-mers can be formed by ligating four 3-mers probes, requiring a total of 256 probes to

be synthesized. This relationship is captured by the formula:

f(n) = (4nl+4n2 ...)/4(nl+n2 ..), where

nl+n2+.. . = R,

where f(n) is the fraction of probes that must be synthesized compared to the full library,

R is the length of the final ligated probe, and nl, n2. . .the number of bases in the first,

second. . . probes that are ligated together. In some cases, at least two, at least three, at



least four, at least five, at least six, or the like, group of nucleic acid probes may be

provided. The ligation methods describe herein may be expanded to incorporate more

than two groups of nucleic acid probes. The total length of a probe formed by ligation

may be at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at

least 13, at least 14, at least 15, at least 16, or the like, residues in length.

A non-limiting example of the combination of a first group and a second group of

nucleic acid probes is shown in FIG. 17. For simplicity, the following example is shown

for a first group of nucleic acid probes 246 and a second group of nucleic acid probes

248, wherein each group of probes comprises four universal nucleic acid residues and

one A, C, G, or T residue (e.g., NNNNX or 1-mers comprising four universal residues),

as shown in FIG. 17A. The first group of nucleic acid probes 246 comprises four probes

( 250, 252, 254, 256) wherein each probe comprises a signaling entity or identification

element at the 3' or 5' (as shown) side. The second group of nucleic acid probes 248

comprises four probes (258, 260, 262, 264) wherein each probe comprises a signaling

entity or identification element at the 5' or 3' (as shown) side, respectively, as compared

to the first group of nucleic acid probes. As shown in FIG. 17B, a plurality of droplets

266 is formed where each comprises at least one probe from the first group and at least

one probe from the second group. If every probe from the first group is contained in a

droplet with every probe from the second group, in this example, sixteen droplets will be

formed. In some cases, however, not every probe from the first group will be combine in

a droplet with every probe from the second group.

In some instances, each of a first group of nucleic acid probes may be associated

with at least one distinguishable identification element and each of a second group of

nucleic acid probes may be associated with at least one distinguishable identification

element. For example, a first group of droplets may be formed comprising a first group

of distinguishable nucleic acid probes and a first group of distinguishable identification

elements and a second group may be formed comprising a second group of

distinguishable nucleic acid probes and a first group of distinguishable identification

elements to form a second population of fluidic droplets. The nucleic acid probes

comprised in a fused droplet may then be identified by identifying the distinguishable

identification elements, as discussed herein with relations to determining a nucleic acid

probe. The identification elements may also be used to determine the sequence of each



probe following exposure of the droplets to a target nucleic acid. The distinguishable

identification elements associated with the first group of nucleic acid probes and the

distinguishable identification elements associated with the second group of nucleic acid

probes may or may not be distinguishable from each other. In some cases, they will be

distinguishable such that every (e.g., all first and all second nucleic acid probes) will be

identifiable by determining the distinguishable identification element. In some cases,

each of the droplets from the first group and the second group may comprise at least

distinguishable identification element such that the sequence of each probe from the first

and the second groups is related to a distinguishable identification element.

The library comprising the first group of nucleic acid probes and the second

group of nucleic acid probes may be created using a variety of methods. The library of

droplets may be created using non-microfluidic or microfiuidic methods, as described

herein. In general, ligation of a first and a second nucleic acid probe does not occur until

after they have been exposed to the target nucleic acid.

As a non-limiting example of a non-microfluidic method, each nucleic acid probe

from a first and a second group of nucleic acid probes may be placed into separate

containers. Each nucleic acid probe from the first group may be combined with each

nucleic acid probe from the second group in separate containers until each probe from

the first group has been combined with each probe from the second group. For example,

FIG. 30 shows a schematic of library A and library B, each comprising the 64 probes

from a first group and a second group of nucleic acid probes, respectively, comprising 3-

mers. Each probe from library A is combined with each probe from library B, forming a

64 x 64 = 4096 element combined library. In some embodiments, this may be

accomplished using an array. For example, a large well plate containing at least 4096

empty wells may be provided and in each well, a unique combination of the nucleic acid

probes from library A and library B may be mixed together. For example, in the first

column of wells probe A (1,1) is mixed with probe B (1,1), B (1,2), ..., B (2,1), B (2,2),

..., B(8,7), and B(8,8). In the next column, probe A (1,2) is mixed with probe B (1,1),

B(1,2), . . ., B(2,l), B (2,2), ..., B(8,7), and B (8,8), ... and so on until every possible

combination of probe A and probe B has been mixed. From these two small libraries, a

total of 4096 combinations is produced (64 x 64 = 4096). Each element in the combined

A x B library may be emulsified, and the emulsions may be pooled to form a pooled



library comprising at least one droplet from each emulsification. The pooled library may

be reinjected into a microfluidic device and merged with a target nucleic acid, as

described herein, and as shown in FIG. 33B.

In some microfluidic embodiments, nucleic acid probes from a first group and a

second group may be combined on a microfluidic device. For example, each nucleic

acid probe from a first group may be individually emulsified and the emulsions for each

probe from the first group may be combined into a first group of nucleic acid probes

(e.g., library A). This may also done for a second group of nucleic acid probes to form

library B. Library A and library B may be injected into a microfluidic device, as shown

in FIG. 33A. In some embodiments, at the same time, droplets comprising a target

nucleic acid may also be introduced into the channel, as shown on the left in FIG. 33A.

Using techniques known to those of ordinary skill in the art, the flow rates of the target

nucleic acid comprising droplets and the reinjected libraries may be adjusted so that one

droplet comprising a target nucleic acid is combined with one droplet from library A and

one droplet from library B. The three droplets may be merged using techniques

described herein for merging microfluidic droplets.

As another non-limiting example, the plurality of droplets comprising a first

nucleic acid probe and a second nucleic acid probe may be prepared by fusing a plurality

of droplets comprising a first nucleic acid probe with one of a plurality of droplets

comprising a second nucleic acid probe. That is, a first plurality of droplets may be

prepared each comprising at least one of a nucleic acid probe selected from a first group

of nucleic acid probes and a second plurality of droplets may be prepared each

comprising at least one of a nucleic acid probe selected from a second group of nucleic

acid probes. A droplet from the first plurality of droplets may be fused with a droplet

from the second group of nucleic acid thereby forming a droplet comprising at least one

nucleic acid probe selected form the first group of nucleic acid probes and at least one

nucleic acid probe selected from the second group of nucleic acid probes. This step may

be repeated until a plurality of fused droplets are formed such that substantially all of the

nucleic acid probes from the first group are comprised in a droplets with substantially all

of the nucleic acid probes from the second group. The library of fused droplets formed

may then be fused with a third droplet comprising a target nucleic acid.



Another set of embodiments for sequencing a target nucleic acid is as follows. A

first fluidic droplet can be provided that comprises a nucleic acid probe (which may

contain a signaling entity) and, at least, a first identification element, a second

identification element distinguishable from the first identification element, and a third

identification element distinguishable from the first and the second identification

elements. In some cases, a fourth identification element distinguishable from the first,

second and third identification elements may also be present. Each identification

element may also include, in some embodiments, an oligonucleotide, and often, a

number of identification elements within a droplet may include distinguishable

oligonucleotides. In some cases, each of the oligonucleotides contains one or more

universal nucleic acid residues. For instance, the oligonucleotides within a given droplet

may each contain a plurality of universal nucleic acid residues, and each of the

oligonucleotides within the droplet may differ by a residue that is not a universal residue.

As a specific non-limiting example, when four distinguishable identification

elements are present in a fluidic droplet, the oligonucleotides of the four distinguishable

identification elements may be A(N)n-I, C(N)n-I, G(N)n-1 , and T(N)n-I, where N is a

universal nucleic acid residue and n is the length of the oligonucleotide. In this example,

the oligonucleotides all differ by one residue. In some cases, the length of the universal

nucleic acid portion of the oligonucleotide is four residues. In other cases, five residues.

In yet other cases, six residues. In some instances, the differing residue is located at the

5' end position of the oligonucleotide, for example, 5'-XN (n-1)-3' (X being a naturally-

occurring nucleic acid residue). In other instances, however, the differing residue is

located in the second position from the 5' end of the oligonucleotide, for example, 5'-

NXN(n-2)-3'. In yet other instances, the differing residue is located in other positions, for

example, 5'-NNXN (n-3)-3'.

A second fluidic droplet may be provided in this example which comprises a

target nucleic acid. The fluidic droplet and the second fluidic droplet can then be fused

to form a fused fluidic droplet. In some cases, there may be a nucleic acid probe present

that is able to associate with the target nucleic acid, e.g., if they are complementary or

substantially complementary. In addition, one of the oligonucleotides of the

identification elements may also be associated with the target nucleic acid.



In some instances where the nucleic acid probe and one of the oligonucleotides of

the identification elements have become associated with the target nucleic acid, the

nucleic acid probe and the oligonucleotide of the identification element may be joined

together (e.g., via ligation), which can be used (as discussed below) to determine the

association. Ligation typically occurs when the oligonucleotide of the identification

element and the sequence of the nucleic acid probe are positioned adjacent to each other

with respect to the target nucleic acid, and no substantial ligation will occur if the

oligonucleotide and the nucleic acid probe sequence are not positioned correctly with

respect to the target nucleic acid. In some cases, the ligation of the oligonucleotide and

the nucleic acid probe sequence may be caused by providing a ligase in the fused fluidic

droplet using any suitable technique, for example, DNA ligase. For example, ligase may

be incorporated in the fused fluidic droplet by providing the polymerase to the first

fluidic droplet or the second fluidic droplet before the droplets are fused, directly to the

fused fluidic droplet, etc.

The ligation of the nucleic acid probe and the oligonucleotide of the identification

element may be determined, for example, by determining association of the identification

element and a signaling entity of the nucleic acid probe. If the nucleic acid probe is

complementary or substantially complementary to the target nucleic acid, then the

nucleic acid probe (including a signaling entity) associates with the target nucleic acid,

and can participate in a ligation reaction. If the distinguishable identification elements

are chosen such that each of the associated oligonucleotides differs by only one position

(e.g., if the other residues are universal nucleic acid residues), then only one of the

distinguishable identification elements will be able to participate in the ligation reaction.

Accordingly, by determining which of the distinguishable identification elements has

associated with the signaling entity of the nucleic acid probe, a portion of the sequence

of the target nucleic acid may be determined, based on both the sequences of the nucleic

acid probe and the sequence of the oligonucleotide of the identification element.

Conversely, if the nucleic acid probe is not able to associate with the target nucleic acid

sequence (e.g., if the sequences are not sufficiently complementary), then no ligation

reaction can occur, and none of the identification elements will be found to be associated

with the signaling entity of the nucleic acid probe.



A non-limiting example of the above method is shown in FIG. 4. In this

example, a first fluidic droplet 30 is provided which contains a nucleic acid probe 31, a

first identification element 32, a second identification element 33 distinguishable from

the first identification element, a third identification element 34 distinguishable from the

first and second identification elements, and a fourth identification element 35

distinguishable from the first, second, and third identification elements. Of course, more

than one copy of the identification elements may be present within the droplet. The

distinguishable identification elements each can include an associated oligonucleotide.

Each of these nucleic acid oligonucleotide sequences may be chosen to differ from the

other nucleic acid oligonucleotides associated with the other identification elements by

one residue, while the other residues may be universal nucleic acid residues. For

instance, the four oligonucleotides associated with the four distinguishable identification

elements may be NANNNN, NTNNNN, NGNNNN), and NCNNNN (or any other

combination such as those described herein). In this example, a second fluidic droplet 36

is also provided comprising a target nucleic acid 37. The first fluidic droplet and second

fluidic droplet are fused to form a fused fluidic droplet 38 using any suitable technique

such as those described herein, as indicated by arrow 300. In some cases, nucleic acid

probe 3 1 may become associated with the target nucleic acid 37, and one of the

oligonucleotides of the identification elements (32, 33, 34, or 35) may also become

associated with the target nucleic acid 37, as indicated by arrow 301 . A ligase 39 is

provided to the fused fluid droplet which can ligate the oligonucleotide of the

identification element to the nucleic acid sequence of the nucleic acid probe if the

oligonucleotide and the nucleic acid probe sequence each properly associate with target

nucleic acid 37, as shown in the figure. In some cases, the ligase will not ligate if there

are any gaps or interring sequences. The identification element associated with the

signaling entity of the nucleic acid probe may then be determined, as shown by arrow

302. Techniques for such a determination are discussed below.

Although several particular examples of the present invention were discussed

above, it should be noted that any combination of the above steps and/or additional steps,

may also be used to sequence a target nucleic acid.

The sequence of a target nucleic acid may be determined by determining the

association (or non-association) of the target nucleic acid to one of a plurality of



distinguishable nucleic acid probes. The target nucleic acid may be associated with the

nucleic acid probe when they form a relatively stable duplex by hydrogen bonding under

experimental conditions. Relatively stable hydrogen bonding may be formed due to

Watson-Crick complementarity (e.g., A matches T, but not G or C G matches C, but not

A or T) and/or other effects such as GC wobble, or other associations caused by locked

nucleic acids or universal bases, as discussed herein. Non-limiting examples of suitable

methods for determining the sequence of a target nucleic acid include sequencing by

hybridization techniques that are known to those of ordinary skill in the art.

Sequencing by hybridization (SBH) is a method for examining the nucleic acid

residue sequence in a target nucleic acid that has been previously described, for instance,

in U.S. Pat. No. 5,202,231. In general, SBH uses a set of nucleic acid probes of defined

sequence to probe for complementary sequences on a longer target strand of a target

nucleic acid. The defined sequences which hybridize to the target can then be aligned

using computer algorithms to construct the sequence of the target nucleic acid.

Thus, in one embodiment of the present invention, a target nucleic acid may

associate with a certain combination of nucleic acid probes, leading to a characteristic

"hybridization" pattern. Each positive association (or hybridization) event in a given

sample provides a discrete piece of information about the target nucleic acid. In some

cases the target nucleic acid may be sampled without determination of exactly where any

particular nucleic acid probe associates with the target nucleic acid. Algorithms and

software have been developed for target nucleic acid reconstruction, based on the

hybridization pattern, and are known to those skilled in the art. In other cases, however,

analysis of a hybridization pattern, such as those described herein, may provide a

"fingerprint" identification of the target nucleic acid sequence, without specifically

determining the target nucleic acid sequence itself. The pattern of hybridization may

also be manually or computer analyzed.

Another aspect of the present invention is generally directed to systems and

techniques for creating a collection of droplets, where the droplets contain

distinguishable nucleic acid probes and/or identification elements. In some

embodiments, a plurality of distinguishable identification elements may be used to

identify a plurality of fluidic droplets, and in some cases, the distinguishable

identification elements are used to determine a nucleic acid sequence (e.g., of a nucleic



acid probe) present within each droplet. For instance, in one embodiment, at least about

64, at least about 256, at least about 1024, at least about 4096, or at least about 16,384 or

more fluidic droplets may be prepared, each containing a nucleic acid probe (including

multiple copies of the nucleic acid probe) and one or more identification elements that, in

combination, identifies that nucleic acid probe and do not identify different nucleic acid

probes. The present invention provides, in one set of embodiments, systems and

methods for preparing such collections of fluidic droplets.

In one embodiment, a plurality of distinguishable identification elements are used

to identify a plurality of fluidic droplets or nucleic acid probes or other suitable samples.

For instance, if fluorescent particles are used, a set of distinguishable particles is first

determined, e.g., having at least 5 distinguishable particles, at least about 10

distinguishable particles, at least about 20 distinguishable particles, at least about 30

distinguishable particles, at least about 40 distinguishable particles, at least about 50

distinguishable particles, at least about 75 distinguishable particles, or at least about 100

or more distinguishable particles. A non-limiting example of such a set is available from

Luminex. The distinguishable identification elements may be divided into a plurality of

groups (e.g., 2, 3, 4, 5, 6, 7, or more), where each group contains at least two members of

the set of distinguishable identification elements.

A sample may then be associated with one member chosen from each of the

groups of distinguishable identification elements. For instance, a first sample may be

identified by the combination of a first element chosen from a first group, a first element

chosen from a second group, and a first element chosen from a third group, as each of

these elements is distinguishable from each other; a second sample may be identified by

the combination of a first element chosen from the first group, a first element chosen

from the second group, but a second element chosen from the third group. The number

of unique combinations, in this example, is simply the product of the number of

members of each of the groups; a large number of distinguishable sets of identification

elements can thus be prepared. Thus, for instance, by defining at least six identification

elements, where the identification elements are arranged into at least three groups with

each group having at least two identification elements, at least eight different samples

can be determined by associating each of the at least eight samples with at least three of

the identification elements, where each identification element associated with each



sample is chosen such that there is one identification element from each of the at least

three groups. Even larger numbers may be obtained by increasing the numbers of

members in each group and/or the numbers of groups present. In addition, the number of

members of each group may be the same, or different in some cases.

It should be noted that in other embodiments, other coding methods are also

possible. For instance, the distinguishable elements may be used to represent binary

digits, such that the nucleic acid probes or other samples are arbitrarily numbered and are

identified by adding the binary digits corresponding to the distinguishable identification

elements that are present.

Accordingly, in some embodiments, a fluidic droplet can be identified by

introducing to the fluidic droplet, one or more identification elements that have been

arranged in such a manner. Relatively large numbers of fluidic droplets can each be

identified. For instance, a collection of tens, hundreds, or thousands of fluidic droplets,

containing differing nucleic acid probes, may be identified by adding, to each of the

droplets, three or four identification elements that have been determined in such a

manner.

As a non-limiting example, in one set of embodiments, a set of 40 distinguishable

identification elements may be used to encode up to about 10,000 distinguishable nucleic

acid probes as follows. The 40 distinguishable identification elements are divided into 4

groups of 10 elements each. Each element of each group is number 1 through 0, and the

four groups are labeled A, B, C, and D. One element from each group is added to a

fluidic droplet (e.g., containing a nucleic acid probe), and the identification elements are

read in the order ABCD. Thus, for instance, element 2 from group A, element 1 from

group B, element 7 from group C, and element 6 from group D were found to be

contained within a fluidic droplet, then the droplet would be A2-B1-C7-D6, or droplet

number 2176. The identity of the droplet, and/or species contained within the droplet,

could be determined based on this droplet number, e.g., through an arbitrary lookup

table, or through some coding method. For instance, as another non-limiting example, a

set of 24 distinguishable identification elements could be used to encode a 6-mer (e.g.,

contained within a nucleic acid probe) by dividing the identification elements into 6

groups, each containing 4 elements, such that each element represents a different base

(e.g., A, C, T, or G), while each group represents a position. By including one element



from each of the 6 groups within a fluidic droplet containing the 6-mer, the 6-mer may

be identified by the set of identification elements present within the droplet. Thus, as an

example, if element A from group 1, element C from group 2, element T from group 3,

element T from group 4, element C from group 5, and element G from group 6 were

present, the 6-mer contained within the droplet would be 1A2C3T4T5C6G, representing the

sequence ACTTCG (SEQ ID NO: 1).

A non-limiting example of the creation of a collection of droplets is shown in

FIG. 5. A plurality of eight fluidic droplets 50 is provided, each which contain a nucleic

acid probe (numbered 51-58). Also provided are six distinguishable identification

elements 60, which have been grouped into three groups ( 1 and 2 as group 1, 3 and 4 as

group 2, and 5 and 6 as group 3). The distinguishable identification elements and nucleic

acid probes are combined together in droplets 6 1 such that there are three distinguishable

identification elements, one selected from each group, present within each of the eight

droplets such that no two of the eight nucleic acid probes are associated with an identical

set of three distinguishable identification elements. Accordingly, in this particular

example, each of the eight fluidic droplets, each containing a nucleic acid probe, is

identified by a set of three distinguishable identification elements.

The determination method of the identification elements and/or signaling entity

for specific embodiments will depend on the components that are present within the

fluidic droplets. As mentioned above, the determination may occur using techniques

such as radioactivity, fluorescence, phosphorescence, light scattering, light absorption,

fluorescence polarization, or the like. Many detectors that operate using such principles

are commercially available. The detector may be used to determine at least one of the

signaling entities and/or identification elements that may be present within a fluidic

droplet, and in some cases, more than one detector may be used.

In some embodiments, the droplet is deformed such that the signaling entities

and/or identification elements contained within the droplet passes a detector single file.

A droplet may be deformed by passing it through a channel that has a constriction such

that the cross-sectional area of the constriction is smaller than the cross-sectional area of

the droplet when the droplet is in free solution, for example, as is shown in FIG. 6C. In

some cases, the droplet is deformed such that substantially all of the signaling entities

and/or identification elements are arranged within the droplet such that no two are able to



simultaneously cross an imaginary plane that is perpendicular to the direction of motion

of droplet.

In some embodiments, the detection may be parallelized, i.e., a number of

signaling entities and/or identification elements may be simultaneously determined

within one channel and/or within a plurality of channels. For example, a timing device

may be used to synchronize detection of the parallel paths. Another non-limiting

example of parallelized detection is the use of a camera or other imaging device

positioned so as to be able to image more than one channel, e.g., simultaneously. The

camera may be, for example, a linescan camera, a 2D CCD camera, or the like. In one

specific embodiment, at least one mercury arc lamp may illuminate a selected number of

channels and multiple cameras (which may each have an individual filter) may be used to

capture a particular color spectrum. The images may be captured sequentially, or

simultaneously, e.g., so that the location of each droplet is the same in all camera images.

In some cases, the signaling entities and/or identification elements of a single

droplet may be determined at a point in time. For example, as illustrated in FIG. 18A, a

plurality of droplets 272 are flowed through microfluidic channel 270. Detector 274 is

positioned with respect to channel 270 such that a single droplet 278 (or a portion of

droplet 278) is determined at a time. Detector 274 may determine the signaling entities

and/or identification elements in cross-section area 276. In other cases, the signaling

entities and/or identification elements from a plurality of droplets may be determined at a

time. For example, as illustrated in FIG. 18B, a plurality of droplets 282 are flowed

through a plurality of microfluidic channels 280 (in this non-limiting example, four

channels are illustrated). Detector 286 is positioned with respect to channels 280 such

that the signaling entities and/or identification elements from a plurality of droplets 284

that pass the detector in cross-section area 287 in the microfluidic channels 282 are

determined. As another non-limiting example, as illustrated in FIG. 18C, a plurality of

fluidic droplets 295 may be flowed into a contained area 290 through inlet 291 . Detector

294 is positioned relative to the contained area 290 such that the signaling entities and/or

identification elements from plurality of droplets 295 in the cross-sectional area 296 may

be determined. In some cases, contained area 290 may have an outlet 292 which may

comprise a gate 293 (e.g., a valve) to control the flow of the plurality of fluidic droplets.

Gate 293 may allow for the flow of fluid but not the flow of the fluidic droplets, in some



cases. In some cases, at least about one hundred, at least about one thousand, at least

about ten thousand, at least about one hundred thousand, at least about five hundred

thousand, at least about 1 million, at least about 5 million, at least about 10 millions

droplets may be determined per second.

In instances where a plurality of droplets may be determined at a single time,

methods and/or systems may be used which aids in the determination of the plurality of

droplets. In some cases, in order to simultaneously image an array of droplets, the

detector may need to determine the boundaries of adjacent droplets such that only one

signal is determined per droplet. According to one set of embodiments, the following

methods and/or systems employing a light source to create droplet glare may be

advantageous when determining a plurality of droplets which are collected in a contained

area because it may be difficult to determine the boundaries (e.g., edges) of a droplet in

order to determine droplet.

In some cases, a droplet may be determined by determining a signal of a position

relative to a reference spot. That is, each droplet may be related to a references spot and

a determination of the signal of a droplet may be determined by relation to the reference

spot. Production of a reference spot may be accomplished, for example, by shining a

light on the surface of the droplets such that a droplet glare is produced for each droplet.

This may allow for the detector to determine a relative location for each droplet, and

thereby determine a signal each droplet, as described more herein.

In some cases, when determining a plurality of droplets, a second light source

(e.g., a lamp, an LED array), in addition to the light source used to probe for

fluorescence may be employed. The second light source may be shone at an angle (e.g.,

a non-orthogonal angle) to the droplets being determined (e.g., being visualized under a

microscope). Due to the orientation of the light and the refraction within the spherical

drops (as discussed herein), scattered light may be captured by the lens of the camera and

a relatively concentrated and bright glare on the image of each drop is produce (e.g., a

droplet glare) that is easily visible and distinguishable from the background signal.

Thus, a substantially focused glare may be produced by the droplet due to the scattering

of light within the droplet. For example, FIG. 44 shows a still image capture from a

CCD camera of fluorescent intensity of microfluidic droplets with two discrete

fluorescent intensity populations. The tight packing of the droplets may cause



difficulties in determining the boundaries of the droplets. FIG. 45 shows a still image

capture from a CCD camera of a similar environment as above in FIG. 44 utilizing a

second light source shining at an oblique angle on the droplets. Droplet glare is

visualized for each droplet and can be seen on every drop.

In some cases, a light source may be directed toward a plurality of microfiuidic

droplets on a surface such that droplet glare is produced in substantially all of the

plurality of droplets due to light scattering within the droplets. The droplet glare formed

on the droplets may be utilized to determine the position of the droplets. In some

instances, the droplet glare may be quantified. In some cases, software may be used to

determine and/or quantify the droplet glare associated with the droplets. For instance,

the droplet glare may be positioned at approximately the same angle and distance from

the center of the droplets and therefore acts as a reference point for each of the droplets.

In some cases, the droplet glare may be offset from the center of each droplet, and

therefore, the droplet glare can be used to identify a reference point for each droplet in

the same frame as used for gathering the fluorescent data. Thus, in some instances, there

is no need to turn on and off the droplet glare (e.g., by turning on and off light sources),

and/or to separate the droplet identification and data acquisition processes.

FIG. 34 shows a schematic of the method described in this example detailing the

refraction of the lighting through a microfiuidic droplet and the resulting glare that will

appear on the image of the drop. In this non-limiting example, the light is shone at a 55°

angle (although almost any non-orthogonal angle can be used in other cases). The

objective lens size and distance relative to droplet are not drawn to scale. In this figure,

lighting 500 (e.g., oblique lighting) is shown at a 55° angle onto a microfiuidic droplet

502 being imaged 505 on a microscope stage. Refracted rays of light 504 trace the path

of refraction through the droplet, and it can be seen that there is only a small region of

scattered light 504 that is gathered by the objective lens 506 and is refracted light 507 the

plane of focus. This results in droplet glare on the image of the particle when viewed

through the microscope. There are many regions of scattered light 508 which are not in

the plane of focus.

In some embodiments, if oblique lighting to be originating from a source

sufficiently far away (e.g., approximately 1 foot from the droplets) then an array of

droplets tightly packed on the surface of the microscope stage should see collimated



lighting approaching each droplet at the same incident angle to the stage. This will result

in the same refraction pattern for each droplet; thus, the droplet glare will appear in the

same position on the image of each droplet, thereby creating a reference point for each

droplet that is at approximately the same angle and distance from the center of each

droplet.

While a droplet glare may be created by using oblique lighting at various angles,

in some embodiments, there may be limitations to the range to the angle which will give

the best results. For example, if the lighting occurs at a steep angle, then the resulting

droplet glare may occur closely to the center of the droplet image which may interfere

with the gathering of other optical information from the droplet such as fluorescent

intensity. On the other hand, in some embodiments, if the lighting is shone at too

shallow an angle, in some cases, none of the refracting rays would be gathered by the

objective and therefore, no droplet glare will be seen in the droplet image. The angles

that are suitable for a given experimental set-up may be determined experimentally.

The presence and/or position of the droplet glare may be determined by

observing the image and the angle of the light source may be adjusted accordingly to

produce the desired presence and/or position of the droplet glare. In some embodiments,

the angle of the second light source is less than about 30°, between about 30° and about

80°, greater than about 80°, between about 40° and about 70°, about 20°, about 30°, about

40°, about 50°, about 60°, about 70°, about 80°, or the like.

In some cases, an experimental set-up employing a second light source may be as

depicted in FIG. 35. A fluorescent microscope may be provided, for example,

comprising an emission filter 520, a dichroic mirror 522, an arc lamp 524, an excitation

filter 526, and an objective lens 528. A plurality of droplets to be determined may be

positioned on the microscope stage 530. Oblique lighting 532 (e.g., second light source)

may be provided at an angle (e.g., approximately 55°). Light exciting the microscope

534 may be recorded by a detector or an imager (e.g., a CCD camera, etc.). The above

experimental set-up is by no means limiting and those of ordinary skill in the art will be

able determine additional components and/or other arrangements that are possible using

only routine skill.

Images of the plurality of droplets may be captured by a detector or an imager,

such as a CCD camera. In some embodiments, the CCD cameras may comprise filters



that only allow for light in a narrow spectrum to pass to the camera (e.g., red light, green

light, etc.) such that specified fluorescent images may be obtained. In instances where

more than one camera is employed, the capture of images may or may not be

synchronized. In a particular embodiment, the capture of images is synchronized to

allow simultaneous capture of fluorescent information at a first and a second wavelength.

In some embodiments, the second light source may be selected such that the droplet glare

may be observed in only one of the at least two images (e.g., light from a green LED

source may only be observed in the image acquired by the camera which has a green

wavelength capture).

In some embodiments, e.g., if the droplet glare formed is distinctly more intense

than the background, software identification of the location of the droplets may be

completed using simple methods. The droplet glare can be used as a reference point as

the droplet glare generally appear consistently in regards to both direction and distance

from the center of each droplet. Depending on the set-up of the oblique lighting, the

droplet glares can be place offset from the center of the drop and allow for the same

image frame for both droplet identification and data acquisition. Therefore, the oblique

lighting may or may not be on and off and/or images may or may not have to be taken at

slightly different time points.

The images collected may be processed as follows. In some cases, at least one

image (e.g., comprising the droplet glares) may be processed by using a simple intensity

threshold programs to determine the droplet glares on each droplet. The software can

compute, or human input may be used, to determine the angle and/or the distance

between a droplet glare and the center of the droplet. In some embodiments, the angle

and/or distance between a droplet glare and the center of the droplet may be recorded a

single time (e.g., if the experimental set-up is not varied). Software may be used to

create a sampling mask relative to each droplet glare (e.g., to determine the location of

each droplet relative to the corresponding droplet glare). The sampling mask can be

overlaid with each image taken at the corresponding time (e.g., the first and second

images taken with a first and a second camera). This can allow for the creation of a

marking system for each droplet which defines boundaries within a droplet where a

signal (e.g., a fluorescent intensity reading) is to be taken. A specific example of this

method is described in Example 12.



In some cases, an imaging system may be provided that may be used to image a

plurality of microfluidic droplets on a surface (e.g., in a microfluidic channel or

contained area). The imaging system may comprise a first light source able to focus

light orthogonally toward the plurality of microfluidic droplets disposed on the surface

and a second light source able to focus light at a substantially non-orthogonal angle

toward the plurality of microfluidic droplets disposed on the surface. For example, the

first light source may be the light source from a microscope and the second light source

may be a lamp, an LED, etc. The imaging system may also comprise an imager able to

image scattered (e.g., droplet glare) and nonscattered light (e.g., fluorescence) arising

from the plurality of microfluidic droplets disposed on the surface. The nonscattered

light may arise from the first light source and the scattered light may arise from the

second light source. In some cases, the imager may be able to simultaneously image the

scattered and nonscattered light arising from the plurality of microfluidic droplets

disposed on the surface. For example, the imager may be a camera such as a CCD

camera. In some cases, the imaging system may comprise more than one imager, at least

two imagers, at least three imagers, at least four imagers, and the like. Those of ordinary

skill in the art will be able to determine additional arrangement and components (e.g., a

third light source, a filter) that may accompany the described imaging system. The

imaging system may be able to simultaneously image at least one thousand, at least five

thousand, at least ten thousand, at least twenty thousand, at least thirty thousand, at least

forty thousand, at least fifty thousand, at least one hundred thousand, or the like, droplets

at a time.

In some, but not all embodiments, all components of the systems and methods

described herein are microfluidic. "Microfluidic," as used herein, refers to a device,

apparatus or system including at least one fluid channel having a cross-sectional

dimension of less than 1 mm, and a ratio of length to largest cross-sectional dimension

perpendicular to the channel of at least about 3:1. A "microfluidic channel," as used

herein, is a channel meeting these criteria.

Microfluidic systems may be provided that are able to cause two or more droplets

to fuse or coalesce into one droplet, for example, in cases where the two or more droplets

ordinarily are unable to fuse or coalesce, for example due to composition, surface

tension, droplet size, etc. as known to those of ordinary skill in the art. Examples of



embodiments in which two or more droplets are fused have been described above. The

fluidic droplets may be fused together using any suitable technique, for example, as

discussed in U.S. Patent Application Serial No. 11/246,91 1, filed October 7, 2005,

entitled "Formation and Control of Fluidic Species," by Link, et al., published as U.S.

Patent Application Publication No. 2006/01 63385 on July 27, 2006; or U.S. Patent

Application Serial No. 11/360,845, filed February 23, 2006, entitled "Electronic Control

of Fluidic Species," by Link, et al., published as U.S. Patent Application Publication No.

2007/0003442 on January 4, 2007, each incorporated herein by reference. As an

example, in microfiuidic systems, the surface tension of the droplets, relative to the size

of the droplets may prevent fusion or coalescence of the droplets from occurring. In one

embodiment, two droplets may be given opposite electrical charges (i.e., positive and

negative charges, not necessarily of the same magnitude), which may increase the

electrical interaction of the two droplets such that fusion or coalescence of the droplets

can occur. Electrical charges (positive or negative) may be imparted onto droplets

through the use of Taylor cones, or through any other suitable techniques. For instance,

an electric field may be imposed on a reactor containing the droplets, the droplets may be

passed through a capacitor, a chemical reaction may occur to cause the droplets to

become charged, flowing the droplets over a region with opposite wetting properties, etc.

The "cross-sectional dimension" of the channel is measured perpendicular to the

direction of fluid flow. Most fluid channels in components of the invention have

maximum cross-sectional dimensions less than about 2 mm, and in some cases, less than

about 1 mm. In one set of embodiments, all fluid channels containing embodiments of

the invention are microfiuidic or have a largest cross sectional dimension of no more

than about 2 mm or about 1 mm. In another embodiment, the fluid channels may be

formed in part by a single component (e.g. an etched substrate or molded unit). Of

course, larger channels, tubes, chambers, reservoirs, etc. can be used to store fluids in

bulk and to deliver fluids to components of the invention. In one set of embodiments,

the maximum cross-sectional dimension of the channel(s) containing embodiments of the

invention are less than about 500 microns, less than about 200 microns, less than about

100 microns, less than about 50 microns, or less than about 25 microns.

A "channel," as used herein, means a feature on or in an article (substrate) that at

least partially directs the flow of a fluid. The channel can have any cross-sectional shape



(circular, oval, triangular, irregular, square or rectangular, or the like) and can be covered

or uncovered. In embodiments where it is completely covered, at least one portion of the

channel can have a cross-section that is completely enclosed, or the entire channel may

be completely enclosed along its entire length with the exception of its inlet(s) and

outlet(s). A channel may also have an aspect ratio (length to average cross sectional

dimension) of at least about 2:1, more typically at least about 3:1, at least about 5:1, or at

least about 10:1 or more. An open channel generally will include characteristics that

facilitate control over fluid transport, e.g., structural characteristics (an elongated

indentation) and/or physical or chemical characteristics (hydrophobicity vs.

hydrophilicity) or other characteristics that can exert a force (e.g., a containing force) on

a fluid. The fluid within the channel may partially or completely fill the channel. In

some cases where an open channel is used, the fluid may be held within the channel, for

example, using surface tension (i.e., a concave or convex meniscus).

The channel may be of any size, for example, having a largest dimension

perpendicular to fluid flow of less than about 5 mm or about 2 mm, or less than about 1

mm, or less than about 500 microns, less than about 200 microns, less than about 100

microns, less than about 60 microns, less than about 50 microns, less than about 40

microns, less than about 30 microns, less than about 25 microns, less than about 10

microns, less than about 3 microns, less than about 1 micron, less than about 300 nm,

less than about 100 nm, less than about 30 nm, or less than about 10 nm. In some cases

the dimensions of the channel may be chosen such that fluid is able to freely flow

through the article or substrate. The dimensions of the channel may also be chosen, for

example, to allow a certain volumetric or linear flowrate of fluid in the channel. Of

course, the number of channels and the shape of the channels can be varied by any

method known to those of ordinary skill in the art. In some cases, more than one channel

or capillary may be used. For example, two or more channels may be used, where they

are positioned inside each other, positioned adjacent to each other, positioned to intersect

with each other, etc.

Non-limiting examples of microfluidic systems that may be used with the present

invention are disclosed in U.S. Patent Application Serial No. 11/246,91 1, filed October

7, 2005, entitled "Formation and Control of Fluidic Species," published as U.S. Patent

Application Publication No. 2006/0163385 on July 27, 2006; U.S. Patent Application



Serial No. 11/024,228, filed December 28, 2004, entitled "Method and Apparatus for

Fluid Dispersion," published as U.S. Patent Application Publication No. 2005/0172476

on August 11, 2005; U.S. Patent Application Serial No. 11/360,845, filed February 23,

2006, entitled "Electronic Control of Fluidic Species," published as U.S. Patent

Application Publication No. 2007/000342 on January 4, 2007; International Patent

Application No. PCT/US2006/007772, filed March 3, 2006, entitled "Method and

Apparatus for Forming Multiple Emulsions," published as WO 2006/096571 on

September 14, 2006; U.S. Patent Application Serial No. 11/368,263, filed March 3,

2006, entitled "Systems and Methods of Forming Particles," published as U.S. Patent

Application Publication No. 2007/00541 19 on March 8, 2007; U.S. Provisional Patent

Application Serial No. 60/920,574, filed March 28, 2007, entitled "Multiple Emulsions

and Techniques for Formation"; and International Patent Application No.

PCT/US2006/001938, filed January 20, 2006, entitled "Systems and Methods for

Forming Fluidic Droplets Encapsulated in Particles Such as Colloidal Particles,"

published as WO 2006/07884 1 on July 27, 2006, each incorporated herein by reference

in their entireties.

In some embodiments, the systems of the present invention may be non-

microfluidic devices. For example, two or more droplets may be fused, manipulated

and/or coalesced using Couette shear cells, shaken emulsions, and/or membrane

emulsification. In some embodiments, two or more droplets may be fused, manipulated

and/or coalesced into one droplet using electric and/or magnetic fields, e.g., from one or

more field-generating components contained within a substrate. Non-limiting examples

of systems comprising a plurality of electric and/or magnetic field-generating

components arranged to be able to interact and/or manipulate a sample are disclosed in

U.S. Patent Application Serial No. 11/105,322, filed April 13, 2005, entitled "Methods

and Apparatus for Manipulation and/or Detection of Biological Samples and Other

Objects," by Ham, et al, published as U.S. Patent Application Publication No.

2006/0020371 on January 26, 2006, and International Patent Application No.

PCT/US2008/007941, filed June 26, 2008, entitled "Methods and Apparatus for

Manipulation of Droplets," each incorporated herein by reference.

In some cases, the field generating components may be arranged in an array. By

generating electric and/or magnetic fields using one or more electric and/or magnetic



field-generating components by activating the components in a specific order, fluidic

droplets or other samples can be moved relative to a substrate. For example, two fluidic

droplets can be given opposite electric charges (i.e., positive and negative charges, not

necessarily of the same magnitude), which may increase the electrical interaction of the

two droplets such that fusion or coalescence of the droplets can occur due to their

opposite electric charges. For instance, an electric field may be applied to the droplets

using one or more electric field-generating components.

In one embodiment, a kit may be provided, containing one or more of the above

compositions. A "kit," as used herein, typically defines a package or an assembly

including one or more of the compositions of the invention, and/or other compositions

associated with the invention, for example, as previously described. Each of the

compositions of the kit may be provided in liquid form (e.g., in solution), in solid form

(e.g., a dried powder), etc. A kit of the invention may, in some cases, include

instructions in any form that are provided in connection with the compositions of the

invention in such a manner that one of ordinary skill in the art would recognize that the

instructions are to be associated with the compositions of the invention. For instance, the

instructions may include instructions for the use, modification, mixing, diluting,

preserving, administering, assembly, storage, packaging, and/or preparation of the

compositions and/or other compositions associated with the kit. The instructions may be

provided in any form recognizable by one of ordinary skill in the art as a suitable vehicle

for containing such instructions, for example, written or published, verbal, audible (e.g.,

telephonic), digital, optical, visual (e.g., videotape, DVD, etc.) or electronic

communications (including Internet or web-based communications), provided in any

manner.

The following references are herein incorporated by reference: U.S. Provisional

Patent Application Serial No. 61/008,862, filed December 21, 2007, entitled "Systems

and Methods for Nucleic Acid Sequencing," by Weitz, et al, and U.S. Provisional Patent

Application Serial No. 61/098,710, filed September 19, 2008, entitled "Systems and

Methods for Nucleic Acid Sequencing," by Weitz, et al., each incorporated herein by

reference. Also, incorporated herein by reference is a U.S. provisional patent filed on

even date herewith, entitled "Creation of Libraries of Droplets and Related Species," by

Weitz, et al.



The following examples are included to demonstrate various embodiments of the

invention. Those of ordinary skill in the art should, in light of the present disclosure,

appreciate that many changes can be made in the specific embodiments which are

disclosed and still obtain a like or similar result without departing from the spirit and

scope of the invention. Accordingly, the following examples are intended to illustrate

certain embodiments of the present invention, but do not exemplify the full scope of the

invention.

EXAMPLE 1

Non-limiting examples of methods for DNA sequencing are described in the

following prophetic examples. The figures are illustrated using pentamers for illustrative

purposes only. Other lengths may also be used. In addition, modified residues such as

locked nucleic acid residues, and/or universal residues may also be used in some cases.

An example method is discussed with reference to FIG. 6. Specifically, this

method is an example using a bead-based labeling strategy, modified nucleotides, and

fluorescence. FIG. 6A shows a plurality of color-coded beads used as identification

elements, for instance, beads such as those made by Luminex Corporation. The beads in

this example are 5 µm diameter beads that can be divided into 100 distinguishable types

(150), for instance, based on the fluorescence intensity of two distinct dyes. These beads

are arbitrarily numbered 1-100.

The beads may be used for identification as follows. 40 of these distinguishable

beads can be divided into four groups of beads, each containing 10 members, as is shown

in FIG. 6B (beads 41-100 are not used in this example). In this particular example, all

droplets have a single distinguishable bead taken from each of the four sets of beads

(although there may be more than one identical copy of each type of bead present) (FIG.

6B). For simplicity in this example, each bead represents a numerical place value in the

base (10) system (although other methods may be used in other embodiments). For

example, beads 1, 11, 21, and 3 1 may be selected to represent a 1 value, and beads 10,

20, 30 and 40 represent a value of 0. As a specific example, the 2176th solution or label

contains the beads 6 (151), 17 (152), 2 1 (153), and 32 (154) (FIG. 6C).

In the example shown, this droplet also contains the labeled nucleic acid probe

5'-*GATCT-3'(155) (SEQ ID NO: 2) (where * is a signaling entity, such as a fluorescent



entity), which may be modified in some cases to incorporate one or more locked

nucleotides and/or universal residues. Solutions containing the nucleic acid probe and

the beads can be each individually emulsified and pooled to create a collection of

analytical droplets 158 containing a nucleic acid probe and at least four distinguishable

beads (FIG. 6D). A target nucleic acid 156 is provided to a microfluidic device (not

shown) and a plurality of droplets 157, each containing the target nucleic acid, are

formed, e.g., via droplet-droplet fusion techniques. Droplets 157 are then fused with

droplets 158 to form a plurality of fused droplets 159, which each contain the target

nucleic acid, a nucleic acid probe, and the corresponding identification elements.

The association of the target nucleic acid and the nucleic acid probe is determined

in this example as follows, although other techniques may be used in other cases. The

plurality of fused droplets 159 is passed, as indicated by arrow 160, into channel 167 and

the droplet deformed such that each bead within the droplet passes detector 161 single

file. In the example shown, if the nucleic acid probe binds to the target nucleic acid

within the droplet, then there will be a change in fluorescence spectra of the nucleic acid

probe, which can be determined using the detector. The beads and the signaling entity

within the droplet are determined as they pass detector 161 single file, and the resulting

amount of fluorescence is recorded. In this example, if there is a change in fluorescence

of the signaling entity indicative of association of the target nucleic acid and the nucleic

acid probe (for example, caused by the release of a quencher from the nucleic acid

probe), then the identity of the droplet may be determined by determining the four

distinguishable beads contained within the droplets. For instance, if the beads

determined by the detector are identified as beads 6, 17, 21, and 32 (corresponding to

probe labeled nucleic acid probe 5'-*GATCT-3' (SEQ ID NO: 2)), then it can be

determined that the complement of sequence 5'-GATCT-3' (SEQ ID NO: 2) occurs on

the target nucleic acid.

EXAMPLE 2

This example employs a bead-based labeling strategy, a Taqman probe, and

fluorescence. As in Example 1, the droplets have a single member taken from each of

four sets of identification element bead-types. FIG. 7A shows an example of the



possible components in one droplet 171, as given in FIG. 6. Taqman analysis will be

used in the droplets in this example.

Nucleic acid probe 169 comprises oligonucleotide 174, signaling entity 172, and

quencher 173, which reduces (or enhances) fluorescence from signaling entity 172 by the

use of Fluorescence (or Fδrster) Resonance Energy Transfer (FRET), which is the

inhibition of one dye caused by another without emission of a photon. The signaling

entity in this particular example is found on the 5' end of the oligonucleotide and the

quencher at the 3' end.

The Taqman probe anneals to a target nucleic acid, as shown by 175 in FIG. 7B.

Taq polymerase then adds nucleotides until it gets to the Taqman probe as shown by 176.

Non-complementing Taqman probes are displaced. The complementing Taqman probes

are degraded from the target nucleic acid by Taq polymerase 5' to 3' exo activity. Thus,

if the nucleic acid probe associates with the target nucleic acid, as indicated in 177,

quencher 173 is separated from signaling entity 172, allowing signaling entity 172 to be

determined, as shown by 178.

As in Example 1, the association of the target nucleic acid and the nucleic acid

probe can then be determined using any suitable technique. In this example, a plurality

of nucleic acid probes (in this case, attached to a signaling entity and a quencher) and

one or more identification elements are combined to form a collection of analytical

droplets 179, and are fused with a plurality of droplets 180 containing target nucleic acid

and, in this example, Taq polymerase, as shown in FIG. 7C. Droplets 179 are then fused

with droplets 180 to form a plurality of fused droplets 181. The droplets 181 are passed,

as shown by arrow 182, into channel 167 to be determined by detector 161. If the

nucleic acid probe binds to the target nucleic acid, then the signaling entity may be

released. Accordingly, a difference in the fluorescence in the signaling entity may be

used to determine association of the nucleic acid probe and the target nucleic acid.

EXAMPLE 3

This particular example employs DNA ligation, bead-labeling and fluorescence.

Luminex Corporation provides beads that can be separated into 100 distinguishable

beads 210, as shown in FIG. 8A. Each bead type can be coated with a reagent specific to

a particular bioassay, allowing the capture and detection of specific analytes from a



sample. Lasers excite the internal dyes that identify each bead particle, and also any

reporter dye captured during the assay.

FIGS. 8B and 8C illustrate the following: forty beads are divided into four groups

of 10 distinguishable beads each, and each bead will have attached primers such that the

first set of 10 beads will have an "A"-type set and various universal residues 214 (i.e.

beads 1-10 will each have attached to them the oligonucleotide probe-set 5'-ANNNN-

3'), the second set of 10 bead-types (i.e., beads 11-20) will have a "C"-type

oligonucleotide 213 attached to them (i.e. 5'-CNNNN-3'), the third set of 10 bead-types

(i.e., beads 21-30) will have a "G"-type oligonucleotide 212 attached to them (i.e. 5'-

GNNNN-3 '), and the fourth set of 10 bead-types (i.e., beads 31-40) will have a "T"-type

oligonucleotide 2 11 attached to them (i.e. 5'-TNNNN-3').

Each bead-type also represents a numerical value in the base (10) system, similar

to the systems previously discussed. For example, beads 1, 11, 21, and 3 1 represent a 1

value, (for simplicity, beads 10, 20, 30 and 40 represent a 0 value). The first 10 bead-

types (A type set) represent the ones place-value (number value from 0 to 9). The

second digit is the "C digit" and represents the tens place value. The third digit is the "G

digit," and the last digit is the "T digit." A four-digit number is encoded by the forty

bead-types in the order TGCA (FIG. 8D) in this particular example. For example, the

2176th droplet-type 219 contains the Luminex bead-types 6-A (215), 17-C (217), 2 1-G

(2 16), and 32-T (218) (FIG. 8C and 7D). In the figure, as an example, droplet 219 also

contains a nucleic acid probe, for example, probe 5'-*GATCT-3' (SEQ ID NO: 2) (226)

(although multiple copies of that nucleic acid probe may be present within the droplet).

The association of the target nucleic acid and the nucleic acid probe is determined

in this example as follows, although other techniques may be used in other cases.

Solutions containing the nucleic acid probe and the beads can be each emulsified

separately, and the emulsions are then pooled to create a collection of analytical droplets

220. All droplets will have a single bead taken from each of the 4 sets (but multiple

copies of that bead may be present). The nucleic acid probes and beads can then be

encapsulated together in droplets. Also provided is a plurality of droplets 221 containing

the target nucleic acid and DNA ligase. The pooled emulsion library droplets are fused

(as indicated by arrow 222) with the plurality of 221 droplets (FIG. 8E) to form a

plurality of fused droplets 223. The fused droplets 223, as indicated by arrow 224, are



passed by a detector 225. The template-directed ligation of the nucleic acid probe will

cause a bead to become associated with the target nucleic acid, if both the nucleic acid

probe and the oligonucleotide on the bead are adjacent to each other and complementary

to the target nucleic acid. As the four beads contain universal nucleic acid residues in all

but one position, only one of the four beads will be able to be positioned adjacent the

target nucleic acid and the nucleic acid probe, such that ligation of the oligonucleotide on

the bead to the nucleic acid probe occurs, as is shown in FIG. 8F.

Association of the bead, the target nucleic acid, and the nucleic acid probe can

then be determined using any suitable technique. For example, as shown in FIG. 8F, a

droplet is provided that contains the four beads mentioned above (215, 216, 217, and

218) as well as a nucleic acid probe 226 and a target nucleic acid 227. If the sequence of

the nucleic acid probe is complementary to a sequence in the target nucleic acid, the

nucleic acid probe will associate with the target nucleic acid. One of the four beads also

comprises an oligonucleotide that can be ligated to the sequence of the nucleic acid probe

if adjacently positioned, as is shown in FIG. 8F (216 in this figure); the other sequences

(215, 217, and 218) cannot be adjacently positioned due to a nucleotide mismatch in the

sequence. Nucleic acid probe 216 can become ligated to the oligonucleotide of the bead

associated with the target nucleic acid probe, and thus, the oligonucleotide of bead 2 16 is

able to associate with target nucleic acid 227 adjacent to the nucleic acid probe 226.

The beads are decoded as they pass through the channel constriction in single file, and

the amount of label nucleic acid probe ligated (i.e., attached) onto the bead quantified.

As shown in this example, example, a "G"-digit bead (bead 21) 216, is associated with

the nucleic acid probe 226 which indicates that the sequence complimentary to the target

nucleic acid is 5'-GATCTGNNNN-3' (SEQ ID NO: 3, and the target nucleic acid thus

contains the sequence 5'-CATATC-3 ' (SEQ ID NO: 4 ) .

As discussed above, the differing residue of the oligonucleotides associated with

the beads may be located in other positions as well in other embodiments, such as the

second position from the 5' end of the oligonucleotide, for example, 5'-NXN (n.2)-3'. An

example of this is shown in FIG. 8G. In this example, identification element 229

comprises a bead and an oligonucleotide having a sequence 5'-NGNNN-3'. Three other

identification elements comprising oligonucleoties (5'-NCNNN-3', 5'-NANNN-3', 5'-

NTNNN-3') attached to distinguishable beads would also be present in the droplet. In



this example, identification element 229 is associated with the target nucleic acid 227 of

nucleic acid probe 226. The identification element and the nucleic acid probe can be

ligated, similar to the embodiment described above. The beads may be decoded as

discussed above and indicate the sequence complementary to the target nucleic acid is

5' -GATCTNGNNN-3 ' (SEQ ID NO: 5), and the target nucleic acid contains the

sequence 5'-CXACATC (SEQ ID NO: 6) (N being a universal base, X being any one of

A, C5 G or T).

EXAMPLE 4

In some, but not all embodiments, all components of the systems and methods

described herein are microfluidic. Examples of instrumental set-up for detection are

given here.

The instrument comprises in this example an optical train that may be configured

to measure both fluorescence intensity and fluorescence polarization. FIG. 9 depicts

information about the fluorescence polarization (FP) detection. An optical train is a

series of mirrors, lenses and prisms and the like in an optical apparatus. In some

embodiments, the optical train may include 3 lasers, about 5 detectors and can measure

about 1000 or more fluorophores within a 30 µm droplet. If a fluorescent molecule is

excited with polarized light, it will emit light of substantially the same polarization,

assuming the molecule does not rotate significantly during its emission lifetime.

Depolarization, or a decrease in light being emitted in the same polarization direction,

occurs when the molecule rotates during its emission lifetime. Dyes attached to larger

molecules 311 (and exhibiting longer tumbling time) will depolarize the light slower

than the free dye in solution, and therefore, the light will remain polarized 313, as shown

in FIG. 9A. On the other hand, dyes attached to smaller molecules 312 will depolarize

the light faster than the free dye in solution, and therefore, the light 314 will no longer be

polarized. FIG. 9B illustrates that different dyes will exhibit different polarization

dependent on their fluorescence lifetime. FP is also affected by the molecular weight of

the molecule to which the dye is attached. FIG. 9C illustrates this and shows the FP of

free fluorescein dye 315, fluorescein-labeled 20-mer oligonucleotide 316, and

fluorescein-labeled 20-mer oligonucleotides hybridized to a second DNA molecule 317.

In this specific case, the tumbling rate may be reduced due to residue-stacking.



EXAMPLE 5

This example illustrates instrumentation for analyzing and decoding at least four

different colored beads and dye fluorescence polarization (FP) and/or fluorescence

intensity (FI) in a single droplet as it passes through a channel, in one embodiment of the

invention. Lasers may be purchased from several manufacturers, including Power

Technology, Inc. (Alexander, AR). An example optical train is shown in FIG. 10. This

optical train is modular fashion and the filters and lasers can be exchanged when needed.

This example configuration, with 5 detectors, is able to read FP at two different

emissions wavelengths. The instrument will be able to measure FP on 3 channels. The

stage upon which the PDMS chips sit is heated.

In this figure, the excitation sources used are lasers, which can include multiple

lasers of different color that are shined as parallel rays. The excitation is bounced off a

dichroic laser-line mirror that reflects the laser wavelengths but lets pass all other

wavelengths. The lasers can be expanded, by passing through a telescoping lens

combination, or can be turned into a laser line by passing through a cylindrical lens.

They are then focused down through a lens with a high numerical aperture into a tight

spot. The high numerical aperture ensures that a large solid-angle of fluorescent light

emitted by the sample is captured in the reverse direction by the objective. The

fluorescent light then passes through the dichroics and the various wavelengths are

reflected off into the detector assemblies, as shown in the diagram, and according to the

particular fluorophores and filters that are used. The polarizing beamsplitter is necessary

for measurements of fluorescence polarization. It reflects one polarization (S) and passes

the other (P) . The intensity of each is then measured using a separate PMT. The values

are then combined to calculate the fluorescence polarization, according to the formula

(S-G*P)/(S+G*P), where G is the G-factor and is usually 1. To produce a number in

units of [mP] the result of the above calculation is multiplied by 1000. Typical FP values

range between about 20 and about 1000 mP. The detector assemblies can be PMTs,

diodes, or avalanche diodes. The signals are also monitored using a computer with an NI

FPGA card running custom code written in LabVIEW. The assembly in FIG. 11 is

similar, but arrayed on an optical table.In this embodiment, a temperature gradient may

be required to optimize the FP. This may be accomplished by placing a Peltier device



under the device stage to control temperature. In one embodiment, the experiments will

be run at a frequency of 1 kHz (1,000 droplets per second) and collect data at GHz

frequency. In another embodiment, sensitivity of the detection may be increased by

choosing different PMT, choosing beads with higher dye concentrations, and/or increase

the amount of dye label in the droplets. In some instances, the device may comprise

widened channels and/or use hydrodynamic focusing to prevent bead clogging. The

constrictions can also be redundant on a chip in some cases such that if one gets clogged

a second constriction will become operable.

A specific instrumentation configuration depicting a fluorescence stand and

droplet monitor is given in FIG. 11. Lasers are located in the top left. A red laser 400

(30 mW 635 nm) is used to drive the Cy5 fluorescence. A green laser 401 (125 mW

532 nm) is used to drive HEX fluorescence. The beams are brought parallel using a

562 dichroic mirror 402 that reflects everything below 562 nm (Semrock Brightline

FF562-Di02-25x36). The beams bounce off the mirror 403 at the bottom left into the

optics 404 on the bottom right. The light goes through a 488/532/638 laserline

dichroic mirror 405 (Semrock Brightline Di01T488/532/638-25x36x5.0) which allow

for the wavelengths near these to pass and for the reflection of all other wavelengths.

The beams then go through an IR hot-mirror 406 (Edmund Optics NT43-955) that

reflects IR and lets other wavelengths pass. Then they go into the back of the

objective (Mitotuyo Plan APO, 5x, 10x, 2Ox, or 5Ox) and are focused down onto the

sample. In some cases, the larger the magnification, the more sensitive the detection.

This is believed to be because higher magnification objectives have higher numerical

aperture, and therefore capture a larger solid-angle of light emitted from the sample. The

sample 407 is mounted on an XYZ translation stage with 2 inches (50.8 mm) of travel

(Thorlabs). There are two imaging paths which run in reverse. Fluorescence imaging

uses the lasers as a light source. Direct imaging is done using infra-red illumination

which allows an image to be taken while capturing fluorescence data. The IR light

source 408 is an IR-diode (Digikey) focused through a 15 mm lens (Thorlabs,

LA 1222). The IR and fluorescence beams then travel back through the objective.

The IR is reflected off the IR mirror 406 up into a CCD camera 409 (Sony XCD-V50,

upper right). The fluorescence passes through the IR mirror to the laserline dichroic

where it is reflected into the detection PMTs (Hamamatsu H5784-20, center of



image). A green FP PMT 410 and a red PMT 4 11 are both present. The IP detector

and camera are used to visualize the droplets. It can also be used to monitor the end

and beginning of different template droplets. There is a 593 nm high pass dichroic

412 (Semrock Brightline FF593-Di02-25x36) that reflects the HEX signal into the FP

detector setup. It allows the Cy5 signal (-680 nm) to pass into the Cy5 channel

PMT. The FP detector (T-shaped object in center of image) includes two PMTs

mounted perpendicularly to one another into a 50-50 beamsplitter (Thorlabs CMl-

BSl). Mounted in front of the beamsplitter is a 560/25 bandpass filter (Semrock

Brightline FF01-560/25-25). Mounted in front of each PMT is a polarizer

(Meadowlark Optics DPM- 100-VIS 1) and an f = 25 mm lens (Thorlabs LA1951).

The PMTs are mounted on rotary cage mounts (Thorlabs CRMl) so that they can be

rotated at 90 degrees with respect to one another.

In this specific example, the machine uses a 532 nm green laser to excite the

signaling entities and a 635 nm diode laser to excite the red and near infrared

fluorescence from the dyes used to color code the beads. In another example, when

employing Luminex beads as the identification elements and nucleic acid probes labeled

with hexachlorofluorescein (HEX), the instrument may be configured to read FP on a

HEX channel (~560 nm) to determine whether a nucleic acid probe is bound to the target

nucleic acid and the FI may be read by both a HEX and Cy5 channel (~690nm).

The PMT data may be digitalized and the digital signals are analyzed by a

National Instrument field-programmable gate array (NI-FPGA) card. This gate array

may be programmed to capture and analyze data at hundreds of kilohertz simultaneously

and/or on multiple channels. The FPGA card may be programmed to determine droplets,

as the droplets appear as peaks as they flow past the laser. As a drop is determined,

throughout the duration the droplet is in front of the detector, the maximum intensity,

and/or its time-integral for each color channel can be monitored in some cases. Such

measurements can then be combined to determine the identification element and the

fluorescence polarization of the nucleic acid probe (e.g., due to signaling entity)

associated with the target nucleic acid.

The microfluidic chip may be placed on a heated stage that allows multiple zones

of heating. A two-temperature-cycle PCR may be performed on-chip by cycling the



reactions in aqueous droplets down a channel that serpentines between hot (e.g. 95 0C)

and warm zones (e.g. 65-72 0C) on the chip.

The PMT signals are input into a National Instrument connector block mounted

inside of a CA-1000 connection assembly. The connector block bundles the PMT

signals into a single cable that is plugged into a National Instrument compact FPGA

card. The card may be installed on a PC running Windows XP. Data can be captured

and analyzed using software developed in the LabVIEW programming environment.

Microsphere fluorescence in bulk may be measured using Luminex Lab MAP

hardware and software (Luminex Corp., Austin, TX). Green fluorescence measurements

may be converted to molecules of equivalent soluble fluorochrome (MESF) using

Quantum Fluorescence Kit for MESF unit of FITC calibration particles and QuickCal

software (all from Sigma, St. Louis, MO). Green fluorescence contributed by the

microspheres alone will be subtracted from all data points. In droplet measurements of

bead fluorescence and probe attachment will use the instrumentation described above.

EXAMPLE 6

This example illustrates the preparation of a plurality of distinguishable

fluorescent beads, similar to the commercially-available Luminex beads (5 .6 um in

diameter). FP may be independent of dye concentration (for example, a 1 M

concentration of fluorescein has an identical FP as a 0.01 M) and may be treated as an

independent variable in labeling. Therefore, if a single dye is varied in 10 units in two

dimensions, it can be used to generate 100 dye labels. Therefore, with 2 dyes, 10,000

labels may be generated. FIG. 12 shows the FP of a dye can be varied by attaching it to

a larger molecule. FIG. 12A shows the FP of fluorescein 330, biotin 331 and biotin +

streptavidin 332. FIG. 12B shows that by varying the relative concentration of the two

different compounds, the total FP value can be controllable changed. It is important to

note that the FP may be controlled independent of the concentration of the fluorophore.

FIG. 13 shows that the fluorescence intensity (FI) and the FP can be

independently controlled. Therefore, expanding the range of dye concentration and

droplet FP value allows the generation of many identification elements. FIG. 13A show

the results when mixing two dyes with overlapping emission spectra and each having a

different FP. The two dyes are mixed in varying ratios to give varying FP values, and



varying total dye concentration to yield varying FI. FIG. 13B shows a relatively broad

concentration range indicating a wide span in which to vary the total FI. This figure

encompasses a 10-fold increase in the total dye concentration shown in FIG. 13A.

EXAMPLE 7

The identification elements, in some cases, may be polystyrene beads of sizes

ranging from approximately 10 nm to 100 um in diameter, and the beads may be dyed.

As an example, the dyes employed can be squaric acid-based molecules that exhibit

fluorescence extending into near infrared and/or infrared region. This can allow for

reproducible processes in which two or more dyes of independent concentration are

absorbed uniformly into each bead, resulting in multiple fluorescent signals respective of

the number of dyes present in the bead. To make a population of beads with different

fluorescent characteristics, in this example, the ratio of red:orange dyes can be altered by

an adequate increment in proportion of dyes so that obtained population optically does

not overlap with the former population. For example, there may be a relationship

between two dye concentrations in a given population of beads and location of said

populations on an X-Y map. Each location may be assigned in terms of a first color

(FL3) or of a second color (FL2) dyes intensity as expressed in linear fluorescence

channels units. As the beads move vertically up a column, both the first color and the

second color dye amounts in a bead can be increased. This may be due to an energy

transfer from one dye to the other dye. When moving horizontally from left to right

across a row, one dye can be decreased in order to maintain a steady FL3 value. This

may be due to overlap of one dye spectrum into the other dye region. Using this method,

multiple, non-overlapping populations of beads can be constructed. Two parameters, a

fluorescent color and color intensity or brightness (expressed in fluorescence channel

units), can be employed to classify the beads.

EXAMPLE 8

This example illustrates template DNA preparation, according to one

embodiment. In this example, DNA fragmentation is performed using a modified

Aeromist Nebulizer (Alliance Medical, Russellville, MO). The size distribution of the

nebulized fragments can be determined by resolving a 2 uL aliquot of the nebulized



material on an Agilent 2100 BioAnalyzer (Agilent, Palo Alto, CA) using a DNA 1000

LabChip.

DNA nebulization generated fragments with a preponderance of frayed ends.

Fragments may be blunt-ended and phosphorylated through the activity of various

enzymes, such as T4 DNA polymerase, E. coli DNA polymerase (Klenow fragment)

(NEB, Beverly, MA) and T4 polynucleotide kinase (NEB). The polishing reaction may

be purified over a Qiaquick PCR Purification column.

Following fragmentation and polishing of the genomic DNA library, primer

sequence can be added to each end of the DNA fragments. The 44-base primer

sequences ("adaptors") are double-stranded oligonucleotides comprising a 5' 20 base

PCR amplification primer followed by a 20 base sequencing primer. Two classes of

adaptors, adaptor A and adaptor B, can be used in each reaction. The A and B adaptors

differ in both nucleotide sequence and the presence of a 5' biotin tag on the B adaptor.

The adaptor pairs are be designed to allow directional ligation to the blunt-ended,

fragmented genomic DNA. For example, adaptor A may be

CCATCTCATCCCTGCGTGTCCCATCTGTTCCCTCCCTGTCTCAG (SEQ ID NO:

7) and adaptor B may be

5BiotinTEG/CCTATCCCCTGTGTGCCTTGCCTATCCCCTGTTGCGTGTCTCAG

(SEQ ID NO: 8). For each adaptor pair, the PCR priming region contains a 5' four-base

overhang and a blunt-ended 3' region. Directionality will be achieved as the 3' blunt-

end side of the adaptor ligated to the blunt-ended genomic DNA fragment while the

5Overhang prevents ligation to the PCR primer region of the adaptor. A 2% agarose

(Invitrogen, Carlsbad, CA)/TBE slab gel with 4.5 uL of a 10 mg/mL stock of Ethidium

Bromide (Fisher Scientific, Pittsburgh, PA) can be used for gel purification. The two

nicks at the 3'-junctions can be repaired by the strand-displacement activity ofBst DNA

polymerase, Large Fragment. Stock M-270 Streptavidin beads (Dynal, Oslo, Norway)

may be used to isolate AB-linkered fragments. The single-stranded library will be

concentrated over a single column from a MinElute PCR Purification Kit (Qiagen) which

has been warmed to room temperature prior to use.

EXAMPLE 9



This example illustrates the preparation of collection of droplets, in one

embodiment of the invention. In this example, Luminex beads are coated with a reagent

specific to a particular bioassay, allowing the capture and detection of specific analytes

from a sample. Lasers excited the internal dyes that identify each bead, and also any

signaling entity during the assay.

Carboxylated microspheres (5 x 106, 400 uL) are coupled to the nucleic acid

probes according to the Luminex (the bead manufacturer) recommendations. Coupling

reaction success may be assessed by hybridizing coupled microspheres with a molar

excess of biotinylated oligonucleotide complementary to the bead bound sequence.

Effective coupling produces microspheres with a mean fluorescent intensity (MFI) to

2000-4000 U. Microspheres with MFIs less than 1000 can be replaced in some cases,

such that the microspheres that are used have good intensities.

As an example for the preparation of a collection of analytical droplets, the

appropriately-tagged beads can be suspended in 96 well plates such that each well will

contain a set of four beads, where each bead is distinguishable from the other beads

(although multiple, identical copies of each bead may be present). Each well will have

added to it a nucleic acid probe selected from a library of nucleic acid probes. The

nucleic acid probe may be labeled. The contents of each well will be separately used to

make an emulsion of 30 micron droplets. Each of the resulting aqueous droplets in each

emulsion will contain 3-4 beads of each of the four distinguishable beads and the labeled

nucleic acid probe at varying concentrations, e.g., 10-100 uM. The emulsification may

be completed for each individual well. When the entire collection of wells has been

emulsified, the droplets will be pooled together to create a collection of analytical

droplets. The collection can be stored for any suitable period, e.g., ranging from less

than one hour to many months.

EXAMPLE 10

Ligation of DNA can occur within droplets in some embodiments of the

invention. This is an example illustration such ligation. In this example, the co-flow of

template DNA + 33mer + phosphorylated 7mer in the presence (lane 3) and absence

(lane 4) of T4 DNA ligase is depicted in FIG. 14. The aqueous phase was loaded onto a



polyacrylamide gel. Ligation of the 7mer to the 33mer, resulting in a 40mer, occurred

within the droplet.

To prevent ligase activity prior to droplet merging, the ATP co-factor may be

sequestered from active enzyme. The ATP for the ligation reaction may be included in

the template droplets. The T4 DNA ligase may be included in the collection of

analytical droplets. Therefore, only when the DNA template and the collection of

analytical droplets is merged, will the ligase become active

Templated (double-stranded PCR products, 250-450 base pairs in length) can be

used at a 3-20 ng/ml concentration. Green fluorescent signals have been observed

through this concentration range. Identification elements comprising nucleic acid

oligonucleotides can be used in the 10 nM range and the ratio of those elements to the

nucleic acid probes may be 1:50. The ligation of the identification elements comprising

nucleic acid oligonucleotides to DNA-coupled microspheres may have a minimum of 30

minutes of incubation.

To avoid a potential source of background fluorescence formed from sandwich

complexes which are non-ligated, ZipCode-hybridized complexes, the background

fluorescence may be determined in the absence of ligase. Incubating the microsphere

suspension at 45 0C for a minimum of 15 minutes just prior to flow analysis minimizes

background fluorescence.

Ligation assays have been tested using a labeled nucleic acid probe. An 8-bases

sequence was tested that contained either zero or two degenerate sites. A short 8-based

oligonucleotide (CTAAGTTA (SEQ ID NO: 9)) was designed for single nucleotide

polymorphism (SNP) analysis using the standard ligations assay reaction. SNP is a DNA

sequence variation occurring when a single nucleotide in the genome differs between

members of a species. The ligation assay was condued using PCR-amplif ϊ ed

homozygous target DNA (previously genotyped by RFLP analysis as GG) for SNPl (an

A, G polymorphism). For the match condition, the ligation probe was designed to be

complementary to the 25 bases of the target DNA up to and including the single base to

be queried. As shown in FIG. 15A, the 8-base nucleic acid probe (CTAAGTTA (SEQ

ID NO: 9)) successfully identified with the GC homozygous target DNA. The signal

intensity from the 8-base probe was 65% of that observed with an 18-base probe. As

shown in FIG. 15B and 15C, both degenerate oligonucleotide (CTNAGNTA (SEQ ID



NO: 10) and CTANNTTA (SEQ ID NO: 11) respectively, (where N is universal base)

correctly identified the SNP genotype of the target DNA. Each probe contained a 5' PO4

and a 3' fluorescein. The the ratio of ligation probe to nucleic acid probe refers to the

molar ratio of the two probes added prior to the ligation assay. To compensate for the

16-fold reduction in concentration of the correct, 5'-CTAAGTTA-3 ' (SEQ ID NO: 9)

nucleic acid probe, the degenerate nucleic acid probees were used at 16-fold higher

concentration than the non-degenerate sequence.

EXAMPLE 11

The following example describes the determination of hybridization of nucleic

acid probes to a target nucleic acid using a library of droplets comprising distinguishable

nucleic acid probes and distinguishable identification elements.

In a first example, four emulsions were created and mixed, with each emulsion

containing at least one dye. This example was used to determine the signal from a

plurality of droplets. The emulsions were created as follows. Four fluids were first

prepared by filling four reservoirs with four combinations of fluorescent dyes and DNA

molecules. 20 uM of Cy5 dye was provided in the first reservoir. 15 uM of Cy5 dye was

provided in the second reservoir. 10 uM of Cy5 dye, with 2 uM of un-ligated nucleic

acid probe A (carboxytetramethylrhodamine (TAMRA) linked 6-mer) and nucleic acid

probe B (6-carboxyfluorescein (FAM) linked 9-mer) was provided to the third reservoir.

Cy52 uM of ligated nucleic acid probe A (TAMRA linked 6-mer) and nucleic acid probe

B (FAM linked 9-mer) were provided to the fourth reservoir. No Cy5 dye was provided

to the fourth reservoir. In this example, the four concentrations of Cy5 dye acted as

labels, while equal concentrations of ligated and unligated nucleic acid probe A and

nucleic acid probe B were provided to test of the detectability of the FRET in the

droplets.

The fluid from the four reservoirs were emulsified. The emulsions were created

by injecting the four different solutions into four different flow focus droplet makers.

Fluorocarbon oil was also injected into each droplet maker. All four devices employed

were substantially identical, with flow focus dimensions of about 25 x 25 microns. All

four fluids were injected into the devices at approximately the same rate of about 500

microliters per hour for the inner phase and about 1000 microliters per hour for the outer



phase. As a result, all dropmakers produced droplets at approximately the same rate and

of approximately the same size.

The droplets produced in each dropmaker then flowed out through a tube

connected to the outlet. There were four droplet makers and four outlet tubes. The tubes

were bundled together and placed into a communal syringe. As the droplets dripped out

of the tubes, they were pooled into the syringe. This droplet formation proceeded for

about 30 min, after which about 1 mL of droplets had been collected. Because all the

droplets were emulsified at the same time, they were randomly mixed in the collection

syringe. FIG. 32 shows a schematic diagram of the emulsion of droplets 340 formed by

mixing a plurality of types of droplets 342, each type of droplet comprising a

distinguishable nucleic acid probe, and at least one unique identification element.

FIG. 3 1A shows a schematic of the microfluidic device that was used to produce

in parallel the four groups of droplets, each group of droplets containing one to four

different dye combinations. The upper inlet 600 allows oil to be provided to the device.

The inner inlets 602 allow for the four different combinations of dye to be injected into

the device. Flow focus junction 604 is where the four types of droplets are formed, with

each having a unique dye combination. The droplets then flowed through a channel and

are collected in a collection chamber 606. The droplets were imaged in the collection

chamber before exiting the device. FIG. 3IB shows an image of the first frame of a

movie and of a magnified view of the collection chamber, into which the droplets

flowed after being produced, but prior to exiting the device. In this frame, the droplets

have not yet formed, and the channel was filled with co-flowing streams of fluorescently

dyed water and fluorocarbon oil.

A plurality of droplets was formed comprising a target nucleic acid. The target

nucleic acid was 5'-

CGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATCCGT

AATCATGGCCAT-S' (SEQ ID NO: 12). As shown in FIG. 19, a solution 344

comprising a plurality of target nucleic acids was formed into a plurality of droplets 346,

with each comprising at least one target nucleic acid, using a microfluidic device 348.

The plurality of droplets comprising the target nucleic acid and the library of

droplets comprising the nucleic acid probes are merged using microfluidic techniques,

for example, those described in International Patent Application No.



PCT/US2004/0 10903, filed April 9, 2004, entitled "Formation and Control of Fluidic

Species," and International Patent Application No. PCT/US2004/027912, filed August

27, 2004, entitled "Electronic Control of Fluidic Species." As shown in FIG. 2OA, the

droplets comprising the nucleic acid probes were flowed into a microfluidic channel 352

such that droplet 354 comprising a target nucleic acid is adjacent to droplet 356

comprising a nucleic acid probe. FIG. 2OB shows the merging of the droplets using

electrocoalescence. FIG. 2 1 shows a schematic of the process describe in FIGS. 20A-

2OB. FIG. 22 shows the fused droplets were incubated in delay lines. In this example,

the fused droplets were incubated for about five minutes.

FIG. 23 shows a graph of the velocity of the fused droplets (um/s) versus position

along the incubation channel. More specifically, FIG. 23 shows the velocity profile of

the droplets across the channels. The y-axis shows velocity as measured using piv

(particle image velocimetry), while the x-axis shows the location. In some embodiments,

for Poiseuille flow in a channel of circular cross section, one might expect the velocity

profile of the flow to be parabolic, due to the no-slip boundary conditions at the channel

wall. In some cases, however, the flow of an emulsion into a channel may cause the

fluid to flow in non-Newtonian flow and the flow profile may not be parabolic. The flow

profile shows that the flow velocity across the channel was roughly constant except close

to the walls. Without wishing to be bound by theory, this may occur because the

droplets were produced at very high volume fraction (e.g., the percentage of water

volume compared to oil volume is high). Therefore, the droplets could remain relative to

one another as they flow in the channels such that the droplets flowed at approximately

the same rate through the channels. This can be used to reduce the variation in

incubation time between different drops.

As a non-limiting example, in some cases, the time that a droplet has to incubate

is the time that it spends in the incubation channel. If the droplets are dilute, then the

fluid can behave like a Newtonian fluid and the flow will be parabolic. The velocity in

which a droplet moves through the channel may thus depend on the location of the

droplet in the width of the channel (e.g., a droplet that is at the middle of the channel

may have a faster velocity than a droplet near the edge of the channel). Therefore, the

incubation time of the two droplets may differ if the flow velocity is not substantially

non-parabolic. However, if the flow profile is constant, the velocities of the droplets



would be approximately equal and therefore, the incubation times would be

approximately equal. In some cases, the non-parabolic flow profile may be achieved for

low volume fraction emulsions. For example, for a low aspect ratio channel, the spatial

gradient in the flow field may be dominated by the shortest dimension. In some

instances, if the channel is significantly shorter than it is wide, then the shortest

dimension will be its height. This may cause the derivative of the flow profile to be very

sharp, which can result in a large gradient near the walls.

FIG. 24 shows an area of the system used in this example where the hybridization

results were determined. In this system, the fused droplets 380 were released into a

microfluidic channel 381 and passed past a light source 384 (e.g., laser line), one at a

time (e.g., droplet 382), and the hybridization results were determined. Following

determination, the droplets (e.g., droplet 386) continued to be flowed out of the

microfluidic channel. FIG. 25A shows a schematic of the above described set-up. The

droplet could also be deformed during determination, for example, as shown in FIG. 26.

FIGS. 27A-27D are graphs ((i) green, (ii) red)) of the quantitative results showing

the velocity/gain vs. time (ms). These figures describes the detection of various labels

using fluorescence. More specifically, FIG. 27 shows the red and green fluorescent

signals for four different droplet types. The experimental procedure for this example was

similar to that described above. In this example, a photomultiplier tube (PMT) was used

for detection instead of a CCD detector. The four plots showed the red and green PMT

signals for the four different types of droplets that were prepared. Each spike in the

signals corresponded to a droplet that has flowed past the detector. As a droplet passed

the detector the red and green lasers excited fluorescence that was imaged by the

objected back onto the PMT.

FIG. 28 shows the detection of droplets base on the detection of red and green

intensities. The red and the green fluorescence intensity of the individual droplets were

measured. Each spot of the plot represents a droplet that was detected. To produce this

plot, four types of droplets were first prepared, each containing a unique combination of

red and green fluorescent dye (as described above). For example, spots 610 represent

droplets which comprised a small amount of green dye and a large amount of red dye,

whereas the spots 616 represent droplets which comprised a large amount of green dye

and a small amounted dye. The multiple spots in each location of the plot (e.g., 610,



612, 614, 616) represented multiple droplets which had approximately the same ratio of

red and green dyes. To determine the droplets, a green and a red laser were focused on

the droplets. The laser light caused the dyes contained within the droplets to fluoresce,

and the emitting light that was captured by a microscope objective. This light was

passed through a dichroic beam splitter which allowed the red light to pass and which

reflected the green light. The light paths where then further filtered with red and green

filters and then focused onto a PMT sensors. The PMT behind a red filter measured the

intensity of the red light, while the PMT behind a green filter measured the intensity of

the green light (e.g., for example, the device pictured in FIG. 11). The measurements

were performed simultaneously, and the results were stored and processed by a

computer. The computer processed the measurements to determine the amount of red

and green fluorescence from each droplet. The results were then plotted on the graph

shown in FIG. 28.

FIG. 29 shows the results of a binding assay of a 3 uM template. The plots show

fluorescence polarization vs. length of the nucleic acid probe where there was i) no target

nucleic acid present (e.g., template), ii) mismatched target nucleic acid present, and iii)

matched target nucleic acid present.

In some cases, a computer was employed for the detection and/or quantification

of the droplets. In instances where the detector was a PMT detector, LabView FPGA

was used. The droplets were monitor with three PMTs, where each PMT was associated

with a different filter and/or polarizer. Each PMT was assigned a number. PMT 1

monitored green light with parallel polarization. PMT 2 monitored green light with

perpendicular polarization. PMT 3 monitored red light with no polarization. These three

PMTs each outputted a voltage as a function of time that is proportional to the intensity

of light that they detected as a function of time. These voltage time traces were sent a

computer where they were analyzed.

The computer program searched one of the signals which was specified by the

user to detect the droplets. As shown in FIG. 27, each droplet looks corresponded to a

peak in voltage as a function of time. The leading edge of the peak was the leading edge

of the droplet as it moved into the path of the laser beam. The peak corresponds to the

droplet when it was in the center of the beam. The trailing edge was the trailing edge of

the droplet as it moved out of the beam. The sequence with which the voltage changes as



a function of time as a droplet flows past the laser and was used to determined whether a

droplet was detected.

The computer monitored the signals to determined when the signal rose above a

threshold level specified by the user. If a signal was above the threshold level, the

difference in the voltage was calculated between this cycle and the previous cycle. If

the difference was positive, the signal was rising, which indicated that this was the

leading edge of a droplet. The computer continued to determined the signal of the

droplet and stores the largest voltage associated with the droplet. When the signal drops

below the threshold value, the trailing edge of the droplet is observed. The highest

voltage for the droplet was determined and the signals from all three PMTs are

correlated. The measurements which were associated with each droplets were the time at

which the leading edge was detected, the value of the peak voltage, the time at which the

trailing edge was detected, the duration that the voltage was above the threshold (e.g., the

width of the peak, which, for constant flow speed is proportional to the length of the

drop), and the integrated signal while the voltage was above the threshold. These

measurements were collected for all three PMT signals which were collected

simultaneously. The measurements were then further combined to determine at least one

value selected by the user. For example, if fluorescence polarization measurements were

desired, then the ratio of the green parallel and perpendicular peak or integrated intensity

could be calculated. These numbers could also be compared with the specifications of the

user to determine whether a droplet meets the criteria to further identify it as a useful

droplet for determining and/or quantifying. In some instances, the droplet information

(e.g., measurements) may be stored and/or the droplet may be selected for sorting.

EXAMPLE 12

The following example describes a system and method for droplet detection that

allows real-time high-throughput data acquisition from emulsion based micro-fluidic

assays.

The method described in this example was used to image microfluidic droplets,

for example, microfluidic droplets comprising a fluorescent signal (e.g., microfluidic

droplets comprising at least two fluorescent dye populations). Two groups of

microfluidic droplets were prepared, one group of droplets comprising a fluorescein



derivative dye (visible in the green wavelengths) and a second group of droplets

comprising a Cy5 dye (visible in the red wavelengths). The droplets were mixed

together in the same container and were indistinguishable based upon size or

morphology. The droplets were flowed into a basin channel as a mixed population and

were visualized under a fluorescent microscope set-up. In this example, a green LED

array was used to provide oblique lighting on the droplets and was placed at roughly a

55° angle and approximately 1 foot away from the microscope stage and produced

droplet glare. FIG. 35 depicts an example of the experiment set-up. A fluorescent

microscope was provided comprising an emission filter 520, a dichroic mirror 522, an

arc lamp 524, an excitation filter 526, and an objective lens 528. The plurality of

droplets was positioned on the microscope stage 530. Oblique lighting 532 was provided

at an angle of approximately 55°. Light exciting the microscope 534 was recorded by a

detector or an imager (e.g., a CCD camera, etc.).

In this example, images were captured by two CCD cameras, one placed under

filters that only allow light in a narrow spectrum of the green wavelengths to pass, while

the other camera was placed under filters that will only allow light in a narrow spectrum

of the red wavelengths to pass. The capturing of frames on both cameras was

synchronized to allow simultaneous capture of fluorescent information on both the green

and red wavelengths. As the oblique lighting was from a green LED source, the droplet

glare was only observed on the green wavelength capture.

Image frames from the green wavelength capture were processed by using a

simple intensity threshold program to single-out the droplet glares on each droplet. In

this case, human input told the software the angle and distance between a droplet glare

and the center of the droplet; however, in some cases, this may be automated using

software programs. In some embodiments, the angle and distance between a droplet

glare and the center of the droplet will need to be recorded a single time, provide the

instrumental set-up is not varied. Software was used to create a sampling mask relative

to each droplet glare. The sampling mask was overlaid with the red and green

wavelength camera images frame to create a marking system for each droplet that

defines the same area within the boundary of the droplet where fluorescent intensity

readings is to be taken. A computer merged the green wavelength image with the

corresponding red wavelength image and formed a composite with information from



both cameras. The mask generated from the droplet glares was used and fluorescent

intensity information was gathered from the composite image. In this embodiment, the

degree of accuracy in measuring the intensity from the droplets was high and there was

little risk of sampling adjacent drops.

FIG. 37 shows a still frame from CCD camera video capture of the microfluidic

droplets under the green wavelength filter. Note that in this image, the boundaries

between the closely packed droplets are hard to distinguish while the droplet glares are

readily visible. In this image, the droplets comprising fluorescein appear lighter in color

while the droplets comprising Cy5 appear darker in the image. FIG. 38 shows the

intensity threshold of the CCD camera image still. FIGS. 39A and 39B shows the mask

and mask overlay, respectively, for fluorescent intensity readings. FIG. 40 and FIG. 4 1

show the images from the green filter camera and the red filter camera, respectively.

FIG. 42 shows the composite image comprising the overlay of the green and red camera

data showing the two distinct populations of droplets comprising fluorescein (darker

grey) and Cy5 (lighter grey). FIG. 43 shows a histogram of intensity count of over

50,000 data points sampled in seconds, with (a) the green channel and (b) the red channel

showing an expected bimodal distribution.

The method describe in this example can be completed without computing

intensive and may be done on the same image frames used for data acquisition. This

may eliminates data acquisition as a bottle-neck in droplet based assays. For example,

computer running the experiment as describe above acquired intensity data from a 12-bit

320x240 data stream at a rate of hundreds of frames per second. With a packed array of

around 2,000 droplets/frame, this translates to the acquisition of processing of data from

200,000 droplets/second

In some embodiments, the method as describe in this example may be

advantageous when determining a plurality of droplets. The droplet glare may be more

intense than the background and allow for easy identification of the position of a droplet,

thereby allowing for simple determination of a droplet as compared to method that do

not employ droplet glare. In some embodiments, software identification of the droplet

glare may be completed using simple methods. The droplet glare can be used as a

reference point as the droplet glares generally appear consistently in regards to both

direction and distance from the center of each droplet. In additional, the second light



source may be shone on the droplets at a variety of angles, and a particular angle may be

selected (e.g., based on visual detection) that produces substantially focused glare. The

angle may also be selected such that the droplet glare is offset with respect to the center

of the droplets. Droplet glares which are offset from the center of the drop may allow for

the same image frame for both droplet identification and data acquisition. Therefore, the

oblique lighting does not have to be turned on and off and/or merged images do not have

to be taken at slightly different time points.

While several embodiments of the invention have been described and illustrated

herein, those of ordinary skill in the art will readily envision a variety of other means

and/or structures for performing the functions and/or obtaining the results and/or one or

more of the advantages described herein, and each of such variations or modifications is

deemed to be within the scope of the present invention. More generally, those skilled in

the art will readily appreciate that all parameters, dimensions, materials, and

configurations described herein are meant to be exemplary and that the actual

parameters, dimensions, materials, and configurations will depend upon the specific

application or applications for which the teachings of the present invention is/are used.

Those skilled in the art will recognize, or be able to ascertain using no more than routine

experimentation, many equivalents to the specific embodiments of the invention

described herein. It is, therefore, to be understood that the foregoing embodiments are

presented by way of example only and that, within the scope of the appended claims and

equivalents thereto, the invention may be practiced otherwise than as specifically

described and/or claimed. The present invention is directed to each individual feature,

system, material and/or method described herein. In addition, any combination of two or

more such features, systems, articles, materials and/or methods, if such features, systems,

articles, materials and/or methods are not mutually inconsistent, is included within the

scope of the present invention.

All definitions as used herein are solely for the purposes of this disclosure. These

definitions should not necessarily be imputed to other commonly-owned patents and/or

patent applications, whether related or unrelated to this disclosure. The definitions, as

used herein, should be understood to control over dictionary definitions, definitions in

documents incorporated by reference, and/or ordinary meanings of the defined terms.



It should also be understood that, unless clearly indicated to the contrary, in any

methods claimed herein that include more than one act, the order of the acts of the

method is not necessarily limited to the order in which the acts of the method are recited.

In the claims, as well as in the specification above, all transitional phrases such as

"comprising," "including," "carrying," "having," "containing," "involving," "holding,"

and the like are to be understood to be open-ended, i.e., to mean including but not limited

to. Only the transitional phrases "consisting of and "consisting essentially of shall be

closed or semi-closed transitional phrases, respectively, as set forth in the United States

Patent Office Manual of Patent Examining Procedure, Section 2 111.03.

What is claimed is:



CLAIMS

1. A method, comprising:

providing a first microfluidic droplet containing a nucleic acid probe and

at least one identification element;

providing a second microfluidic droplet comprising a target nucleic acid;

and

fusing the first fluidic droplet and the second fluidic droplet to form a

fused droplet.

2. A of claim 1, further comprising determining the target nucleic acid contained

within the fused droplet.

3. A of claim 2, comprising determining a sequence of at least a portion of the target

nucleic acid.

4. A of claim 2, comprising determining the target nucleic acid without contacting

the target nucleic acid to a surface.

5. A method of claim 2, further comprising determining at least a portion of the

target nucleic acid by determining the at least one identification element

contained within the fused droplet.

6. A method of claim 1, wherein the droplet contains at least three distinguishable

identification elements.

7. The method of claim 6, wherein the droplet contains at least four distinguishable

identification elements.

8. A method of claim 1, further comprising determining the at least one

identification element.



9 . A method of claim 8, comprising determining the at least one identification

element using fluorescence.

10. A method of claim 1, wherein at least one identification element is a particle.

11. A method of claim 10, wherein at least one identification element is fluorescent.

12. A method of claim 1, wherein the nucleic acid probe contains at least four

residues.

13. A method of claim 1, wherein the nucleic acid probe contains at least five

residues.

14. A method of claim 1, wherein the nucleic acid probe contains at least six

residues.

15. A method of claim 1, wherein the nucleic acid probe contains at least one locked

nucleic acid residue.

16. A method of claim 1, wherein the nucleic acid probe contains at least one

universal residue.

17. A method of claim 1, wherein the nucleic acid probe comprises a signaling entity.

18. A method of claim 1, further comprising determining association of the target

nucleic acid and the nucleic acid probe.

19. A method of claim 1, further comprising determining association of the target

nucleic acid and the at least one identification element.



20. A method of claim 18, wherein determining the association of the nucleic acid

probe and the target nucleic acid comprises determining a change in the signaling

entity.

21. A method of claim 18, wherein determining the association of the nucleic acid

probe and the target nucleic acid comprises determining a change in fluorescence

of at least a portion of the nucleic acid probe.

22. A method of claim 1, wherein the nucleic acid probe comprises a quencher.

23. A method of claim 1, wherein the nucleic acid probe comprises an enhancer.

24. A method of claim 1, further comprising providing a polymerase to the fused

droplet.

25. A method of claim 1, wherein at least one of the first and second fluidic droplets

further comprises a polymerase.

26. A method of claim 25, wherein the polymerase is Taq polymerase.

27. A method of claim 25, wherein, upon association of the target nucleic acid and

the nucleic acid probe, the polymerase causes the quencher to dissociate from the

nucleic acid probe.

28. A method of claim 1, wherein the nucleic acid probe is immobilized relative to at

least one identification element.

29. A method of claim 28, wherein the nucleic acid probe comprises a nucleic acid

sequence and the at least one identification element comprises an oligonucleotide,

and wherein the nucleic acid sequence is ligated to the oligonucleotide.



30. A method of claim 1, wherein the at least one identification element has at least

one oligonucleotide immobilized relative thereto.

31. A method of claim 1, wherein the droplet contains four distinguishable

identification elements, each distinguishable identification element having at least

one oligonucleotide immobilized relative thereto.

32. A method of claim 31, wherein each of the oligonucleotides immobilized relative

to each of the four distinguishable identification elements has a sequence that

differs at only one position relative to the other oligonucleotides.

33. A method of claim 32, wherein each of the oligonucleotides contains a plurality

of universal residues.

34. A method of claim 33 , wherein each of the oligonucleotides consists of universal

residues at every position except for one position.

35. A method comprising:

providing a microfluidic droplet comprising a plurality of identification

elements;

deforming the droplet and passing the droplet past a target area such that

each of the plurality of identification elements individually passes the target area;

and

determining each of the plurality of identification elements passing

through the target area.

36. A method of claim 35, wherein the microfluidic droplet further contains a nucleic

acid and a nucleic acid probe.

37. A method of claim 36, wherein the nucleic acid is determined by determining of

the plurality of identification elements.



38. A method of claim 35, wherein at least some of the plurality of identification

elements are particles.

39. A method of claim 35, wherein at least some of the plurality of identification

elements are nanoparticles.

40. A method of claim 35, wherein at least some of the plurality of identification

elements are fluorescent.

4 1. A method, comprising :

determining at least a portion of a droplet containing a nucleic acid probe

by adding, to the droplet, a first identification element, a second identification

element distinguishable from the first identification element, and a third

identification element distinguishable from the first and second identification

element.

42. A method of claim 41, further comprising adding, to the droplet, a fourth

identification element distinguishable from each of the first, second, and third

identification elements.

43. A method of claim 41, comprising determining a nucleic acid contained within

the droplet.

44. A method of claim 43, further comprising determining association of the nucleic

acid and the nucleic acid probe.

45. A method of claim 41, wherein the first, second, and third identification elements

are each particles.

46. A method, comprising:

defining at least six distinguishable identification elements, the

identification elements being arranged into at least three groups, each group



having at least two of the elements;

associating each of at least eight distinguishable species with at least one

identification element selected from each of the at least three groups, such that no

two of the at least eight distinguishable species is associated with the same set of

identification elements; and

preparing at least eight distinguishable droplets, each droplet containing

one of the at least eight different species and the associated elements taken from

each of the at least three groups.

47. A method of claim 46, comprising defining at least about 10 distinguishable

identification elements.

48. A method of claim 47, comprising defining at least about 40 distinguishable

identification elements.

49. A method of claim 48, comprising defining at least about 100 distinguishable

identification elements.

50. A method of claim 46, comprising arranging the elements into at least four

groups.

51. A method of claim 46, wherein each group has at least about five elements.

52. A method of claim 46, wherein each group has at least about ten elements.

53 . A method of claim 46, comprising associating each of at least about 10

distinguishable species.

54. A method of claim 46, comprising associating each of at least about 30

distinguishable species.



55. A method of claim 46, comprising associating each of at least about 100

distinguishable species.

56. A method of claim 46, comprising associating each of at least about 300

distinguishable species.

57. A method of claim 46, comprising associating each of at least about 1,000

distinguishable species.

58. A method of claim 46, comprising associating each of at least about 4,000

distinguishable species.

59. A method of claim 46, wherein the species are nucleic acid probes.

60. A method of claim 46, comprising preparing at least about 100 distinguishable

droplets.

61. A method of claim 46, comprising preparing at least about 1000 distinguishable

droplets.

62. A method of claim 46, further comprising adding a target nucleic acid to each of

the at least eight distinguishable droplets.

63. A method of claim 46, wherein at least some of the droplets are microfluidic.

64. A method, comprising:

providing a plurality of distinguishable nucleic acid probes and a plurality

of distinguishable identification elements;

selecting one nucleic acid probe from the plurality of nucleic acid probes

and at least three distinguishable identification elements from the plurality of

distinguishable identification elements;

forming a fluidic droplet containing the selected one nucleic acid probe



and the at least three distinguishable identification elements; and

repeating the selecting and forming steps to form a population of fluidic

droplets, including at least ten distinguishable fluidic droplets, each containing

one nucleic acid probe and the at least three distinguishable identification

elements.

65. A method of claim 64, comprising selecting at least four distinguishable

identification elements from the plurality of distinguishable identification

elements.

66. A method of claim 64, comprising providing at least about 10 distinguishable

identification elements.

67. A method of claim 66, comprising providing at least about 20 distinguishable

identification elements.

68. A method of claim 67, comprising providing at least about 40 distinguishable

identification elements.

69. A method of claim 64, comprising providing at least about 10 distinguishable

nucleic acid probes.

70. A method of claim 64, comprising providing at least about 100 distinguishable

nucleic acid probes.

71. A method of claim 64, comprising providing at least about 1,000 distinguishable

nucleic acid probes.

72. A method of claim 64, comprising repeating the selecting and forming steps to

form a population of fluidic droplets that includes at least about 100

distinguishable fluidic droplets.



73. A method of claim 64, comprising repeating the selecting and forming steps to

form a population of fluidic droplets that includes at least about 1,000

distinguishable fluidic droplets.

74. A method of claim 64, wherein the act of selecting one nucleic acid probe and at

least three distinguishable identification elements comprises:

arranging the plurality of distinguishable identification elements into at

least three groups; and

selecting one identification element from each of the at least three groups.

75. A kit, comprising:

a first plurality of at least 10 distinguishable fluidic droplets, each droplet

containing a nucleic acid probe; and

a second plurality of at least 10 distinguishable fluidic droplets, each

droplet containing at least three distinguishable identification elements.

76. The method of claim 1, wherein the first microfluidic droplet contains at least a

first nucleic acid probe and a second nucleic acid probe.

77. The method of claim 76, wherein the first microfluidic droplet is formed by

fusing a microfluidic droplet comprising the first nucleic acid probe and a

microfluidic droplet comprising a second nucleic acid probe.

78. The method of claim 76, further comprising providing a ligase to the fused

droplet.

79. The method of claim 76, wherein the first nucleic acid probe is ligated to the

second nucleic acid probe.

80. The method of claim 76, further comprising determining the sequence of the first

nucleic acid probe and the second nucleic acid probe.



81. A method of claim 41, wherein the droplet contains a first nucleic acid probe and

a second nucleic acid probe.

82. A method of claim 81, further comprising determining association of the first and

the second nucleic acid probes with a target nucleic acid contained within the

droplet.

83. The method of claim 64, comprising completing the providing, selecting, forming

and repeating steps for a first group of distinguishable nucleic acid probes and a

first group of distinguishable identification elements to form a first population of

fluidic droplets and a second group of distinguishable nucleic acid probes and a

second group of distinguishable identification elements to form a second

population of fluidic droplets.

84. The method of claim 83, wherein the first group of nucleic acid probes is the

substantially similar to the second group of nucleic acid probes.

85. The method of claim 84, wherein the first group of nucleic acid probes is

different than the second group of nucleic acid probes.

86. The method of claim 83, wherein the first group of identification elements is

substantially similar as the second group of identification elements.

87. The method of claim 84, wherein the first group of identification element is

different than the second group of identification elements.

88. The method of claim 83, wherein at least some of the nucleic acid probes

comprise at least three nucleic acid residues.

89. The method of claim 83, wherein at least some of the nucleic acid probes

additionally comprise at least one universal residue.



90. The method of claim 83, wherein at least one group of nucleic acid probes

comprise at least a portion of all possible sequences comprising three residues.

9 1. The method of claim 83, wherein at least one group of nucleic acid probes

comprise at least a portion of all possible sequences comprising four residues.

92. The method of claim 83, fusing at least one fluidic droplet from the first

population with at least one fluidic droplet from the second population to third

fluidic droplet.

93. The method of claim 92, comprising repeating the fusing steps for substantially

all droplets from the first population with substantially all droplets from the

second population to form a third population of droplets.

94. A method comprising:

directing light toward a plurality of microfluidic droplets on a surface

such that droplet glare is produced in substantially all of the plurality of droplets

due to light scattering within the droplets; and

determining the position of a droplet based on the position of the droplet

glare.

95. The method of claim 94, wherein the light is directed at the plurality of

microfluidic droplets at a non-orthogonal angle.

96. The method of claim 94, further comprising determining nonscattered light

arising from the microfluidic droplets.

97. The method of claim 96, wherein the acts of determining nonscattered light and

quantifying droplet glare are substantially simultaneous.



98. The method of claim 94, wherein the droplet glare is produced by substantial

focusing of the scattered light by the droplets.

99. The method of claim 94, wherein the droplets are substantially monodisperse.

100. The method of claim 94, wherein the nonscattered light is fluorescently produced.

101. The method of claim 94, further comprising quantifying the droplet glares arising

from the plurality of microfluidic droplets.

102. An imaging system, comprising:

a plurality of microfluidic droplets on a surface;

a first light source able to focus light orthogonally toward the plurality of

microfluidic droplets disposed on the surface;

a second light source able to focus light at a substantially non-orthogonal

angle toward the plurality of microfluidic droplets disposed on the surface; and

an imager able to image scattered and nonscattered light arising from the

plurality of microfluidic droplets disposed on the surface, wherein the

nonscattered light arises from the first light source and the scattered light arises

from the second light source.

103. The imaging system of claim 102, wherein the imager is able to simultaneously

image the scattered and nonscattered light arising from the plurality of

microfluidic droplets disposed on the surface.

104. The imaging system of claim 102, wherein the imager is a camera.

105. The imaging system of claim 104, wherein the camera is a CCD camera.

106. The imaging system of claim 102, wherein the first light source is an LED.



107. The imaging system of claim 103, wherein imaging systems is able to

simultaneously image at least 1,000 microfluidic droplets.

108. The imaging system of claim 107, wherein imaging systems is able to

simultaneously image at least 5,000 microfluidic droplets.

109. The imaging system of claim 108, wherein imaging systems is able to

simultaneously image at least 10,000 microfluidic droplets.
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