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DROPLET TRANSPORT SYSTEM FOR DETECTION
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Introduction

Many biomedical applications rely on high-throughput assays of

samples. For example, in research and clinical applications, high-throughput

genetic tests using target-specific reagents can provide high-quality

information about samples for drug discovery, biomarker discovery, and

clinical diagnostics, among others. As another example, infectious disease

detection often requires screening a sample for multiple genetic targets to

generate high-confidence results.

Emulsions hold substantial promise for revolutionizing high-throughput

assays. Emulsification techniques can create billions of aqueous droplets that

function as independent reaction chambers for biochemical reactions. For

example, an aqueous sample (e.g., 200 microliters) can be partitioned into

droplets (e.g., four million droplets of 50 picoliters each) to allow individual

sub-components (e.g., cells, nucleic acids, proteins) to be manipulated,

processed, and studied discretely in a massively high- throughput manner.

Aqueous droplets can be suspended in oil to create a water-in-oil

emulsion (W/O). The emulsion can be stabilized with a surfactant to reduce or

prevent coalescence of droplets during heating, cooling, and transport,



thereby enabling thermal cycling to be performed. Accordingly, emulsions

have been used to perform single-copy amplification of nuclei acid target

molecules in droplets using the polymerase chain reaction (PCR). The fraction

of the droplets that are positive for a target can be used to estimate the

concentration of the target in a sample.

Despite their allure, emulsion-based assays present technical

challenges for high-throughput testing. As an example, the arrangement and

packing density of droplets may need to be changed substantially during an

assay. In a batch mode of nucleic acid amplification, droplets of an emulsion

(or an array of emulsions) may be reacted in synchrony (e.g., thermally cycled

in a thermal cycler) while the emulsion(s) remains generally stationary with

respect to a container holding the emulsion(s). After thermal cycling, the

droplets may need to be transferred to an examination site, such as serially by

fluid flow, to collect data on the droplets. Thus, there is a need for systems

capable of transferring droplets from a container (or an array of containers) to

an examination site by fluid flow.

Summary

The present disclosure provides a system, including methods and

apparatus, for transporting droplets from a tip to an examination site for

detection.

Brief Description of the Drawings

Figure 1 is a flowchart listing exemplary steps that may be performed in

a method of sample analysis using droplets and droplet-based assays, in

accordance with aspects of the present disclosure.

Figure 2 is a schematic view of selected aspects of an exemplary

droplet transport system for picking up droplets from a container, separating

the droplets from each other, and driving the separated droplets serially

through an examination region for detection, in accordance with aspects the

present disclosure.



Figure 3 is a schematic view of selected aspects of a first exemplary

embodiment of the droplet transport system of Figure 2 , with the system

including a two-position multiport valve and a third pump for cleaning

channels, in accordance with aspects of the present disclosure.

Figure 4 is a schematic view of selected aspects of a second

exemplary embodiment of the droplet transport system of Figure 2, with the

system including a two-position multiport valve and a third pump for cleaning

channels, in accordance with aspects of the present disclosure.

Figure 5 is a schematic view of selected aspects of a third exemplary

embodiment of the droplet transport system of Figure 2 , with the system

including a coaxial tip for picking up droplets, in accordance with aspects of

the present disclosure.

Figure 6 is a fragmentary view of a drive assembly of the transport

system of Figure 5, taken generally at the region indicated at "6" in Figure 5,

to show the coaxial tip, an interconnect supporting the tip, and an arm of the

drive assembly supporting the interconnect, in accordance with aspects of the

present disclosure.

Figure 7 is a view of the coaxial tip and interconnect of Figure 6 , with

an end region of the tip extending into an emulsion held by a well of a multi-

well plate, in accordance with aspects of the present disclosure.

Figure 8 is a schematic sectional view of the coaxial tip, emulsion, and

well of Figure 7, taken generally along line 8-8 of Figure 7, as the emulsion is

being picked up by the tip, in accordance with aspects of the present

disclosure.

Figure 9 is a schematic sectional view of the coaxial tip of Figure 7,

taken as in Figure 8 but with the tip being cleaned in a wash station, in

accordance with aspects of present disclosure.

Figure 10 is a schematic view of a fourth exemplary embodiment of the

droplet transport system of Figure 2, with the system including a coaxial tip

and three pumps, in accordance with aspects of present disclosure.



Figure 11 is a schematic view of a fifth exemplary embodiment of the

droplet transport system of Figure 2, with the system including a coaxial tip

and three pumps, in accordance with aspects of the present disclosure.

Figure 12 is a schematic view of a sixth exemplary embodiment of the

droplet transport system of Figure 2, with the system providing droplet uptake

and dispensing in opposing directions through a tip of the system, in

accordance with aspects of the present disclosure.

Detailed Description

The present disclosure provides a system, including methods and

apparatus, for transporting droplets from a tip to an examination site for

detection.

The transport systems disclosed herein may involve fluidics layouts for

transporting droplets from containers, such as reaction vessels, to an

examination region of a detection unit by fluid flow. These systems may

involve, among others, (A) preparing a sample, such as a clinical or

environmental sample, for analysis, (B) separating components of the

samples by partitioning them into droplets or other partitions, each optionally

containing only about one or less copy of a nucleic acid target (DNA or RNA)

or other analyte of interest (e.g., a protein molecule or complex), (C)

performing an amplification and/or other reaction within the droplets to

generate a product(s), where successful occurrence of the amplification or

other reaction in each droplet is dependent on the presence of the copy of

target or analyte in the droplet, (D) detecting the product(s), or a

characteristic(s) thereof, and/or (E) analyzing the resulting data. In this way,

complex samples may be converted into a plurality of simpler, more easily

analyzed samples, with concomitant reductions in background and assay

times.

A method of transporting droplets for detection is provided. In the

method, a tip may be disposed in contact with an emulsion including droplets.

The tip may include an outer channel and an inner channel each disposed in

fluid communication with a channel network. Droplets may be loaded from the



emulsion into the channel network via the inner channel. Loaded droplets may

be moved to an examination region of the channel network.

A system for transporting droplets for detection is provided. The system

may comprise a tip configured to contact an emulsion and including an outer

channel and an inner channel. The system also may comprise a channel

network including an examination region and also may comprise one or

pressure sources and a detector. The one or more pressure sources may be

capable of applying pressure independently to the outer channel and the inner

channel via the channel network and configured to load droplets of the

emulsion into the channel network via the inner channel and to drive loaded

droplets to the examination region. The detector may be configured to detect

light from fluid flowing through the examination region.

Another method of transporting droplets for detection provided. In the

method, a tip may be disposed in contact with an emulsion including aqueous

droplets disposed in a continuous phase. Droplets from the emulsion may be

loaded into a channel network via by the tip. Loaded droplets may be moved

to an examination region of the channel network. A cleaning fluid that is

substantially more hydrophilic than the continuous phase may be driven

through the tip. The steps of disposing, loading, and moving may be repeated

with another emulsion.

Another system for transporting droplets for detection is provided. The

system may comprise a tip and a channel network including an examination

region. The system also may comprise one or more pressure sources

configured to load droplets of an emulsion into the channel network via the tip

and to drive loaded droplets to the examination region. The system further

may comprise a first fluid source and a second fluid source each operatively

connected to at least one of the pressure sources. The first fluid source may

provide a cleaning fluid that is substantially more hydrophilic than a fluid

provided by the second fluid source. The system also may comprise a

detector operatively connected to the examination region.



Yet another method of transporting droplets for detection is provided. In

the method, a tip may be disposed in contact with an emulsion including

droplets. Droplets may be loaded from the emulsion via the tip into a flow path

that is open between the loaded droplets and an examination region and

closed downstream of the examination region. The flow path may be opened

downstream of the examination region. Droplets may be driven through the

examination region.

Still another method of droplet transport for detection is provided. In the

method, a tip may be disposed in contact with an emulsion including droplets.

Droplets may be loaded from the emulsion via the tip, with pressure from a

first pressure source, and into a holding channel that is upstream of a

confluence region and an examination region. Droplets may be driven to the

confluence region with pressure from a second pressure source. Droplets

may be driven through the examination region with pressure from both the

first and second pressure sources.

Still yet another method of transporting droplets for detection is

provided. A tip may be disposed in contact with an emulsion including

droplets. Fluid may be driven on a first path through a valve in a first

configuration, to load droplets from the emulsion into a channel network via by

the tip. The valve may be placed in a second configuration. Droplets may be

moved through an examination region of the channel network by driving fluid

on at least a second path and a third path through the valve in the second

configuration. Light may be detected from the examination region as droplets

move through the examination region.

Yet another system for transporting droplets for detection is provided.

The system may comprise a tip and a channel network. The channel network

may include a valve including a plurality of ports and having a first

configuration and a second configuration. The channel network also may

include a plurality of channels connected to ports of the valve, with at least

one of the channels extending along a flow path to an examination region for

droplets. The system further may comprise at least two pressure sources

operatively connected to the channel network and also may comprise a



detector operatively connected to the examination region. In the first

configuration at least one of the pressure sources may be configured to drive

fluid through a communicating pair of the ports such that droplets are loaded

into the channel network via the tip. In the second configuration, at least two

of the pressure sources may be configured to drive fluid through two separate

pairs of communicating ports such that an average distance between loaded

droplets is increased before such droplets travel through the examination

region.

I. Overview of Droplet-based Assays

Figure 1 shows an exemplary system 50 for performing a droplet-, or

partition-, based assay. In brief, the system may include sample preparation

52, droplet generation 54, reaction 56 (e.g., amplification), droplet loading 58,

droplet separation 60, detection 62, and data processing and/or analysis 64.

The system may be utilized to perform a digital PCR (polymerase chain

reaction) analysis. More specifically, sample preparation 52 may involve

collecting a sample, such as a clinical or environmental sample, treating the

sample to release an analyte (e.g., a nucleic acid or protein, among others),

and forming a reaction mixture involving the analyte (e.g., for amplification of

a target nucleic acid that is or corresponds to the analyte or that is generated

in a reaction (e.g., a ligation reaction) dependent on the analyte). Droplet

generation 54 may involve encapsulating the analyte and/or target nucleic

acid in droplets, for example, with an average of about one copy or less of

each analyte and/or target nucleic acid per droplet, where the droplets are

suspended in an immiscible carrier fluid, such as oil, to form an emulsion.

Reaction 56 may involve subjecting the droplets to a suitable reaction, such

as thermal cycling to induce PCR amplification, so that target nucleic acids, if

any, within the droplets are amplified to form additional copies. In some

embodiments, thermal cycling may be performed in a batch mode, with the

droplets held by one or more containers, and thus generally disposed in a

static configuration that lacks net fluid flow. Droplet loading 58 may involve

introducing droplets into a transport system from one or more containers

holding emulsions of droplets. Droplet separation 60 may involve adding a



dilution fluid to the droplets in the transport system, placing droplets in single

file, and/or increasing the average distance between droplets (and/or

decreasing the linear density of droplets in a channel (i.e., decreasing the

number of droplets per unit length of channel)). Detection 62 may involve

detecting some signal(s) from the droplets indicative of whether or not there

was amplification. In some embodiments, detection may involve detecting

light from droplets that are flowing through an examination site, such as

flowing in single file and separated from each other. Finally, data analysis 64

may involve estimating a concentration of the analyte and/or target nucleic

acid in the sample based on the percentage (e.g., the fraction) of droplets in

which amplification occurred.

These and other aspects of the system are described in further detail

below, particularly with respect to droplet transport systems, and in the patent

documents listed above under Cross-References and incorporated herein by

reference.

II. Overview of Droplet Transport

This Section describes an exemplary transport system 80 for

conveying droplets from one or more containers to an examination region for

detection; see Figure 2 .

Transport system 80 is configured to utilize a tip 82 to pick up droplets

84 in an emulsion 86 held by at least one container 88. The droplets may be

queued and separated in a droplet arrangement region 90, and then

conveyed serially through an examination region 92 for detection of at least

one aspect of the droplets with at least one detection unit 94. The detection

unit may include at least one light source 96 to illuminate examination region

92 and/or fluid/droplets therein, and at least one detector 98 to detect light

received from the illuminated examination region (and/or fluid/droplets

therein).

The transport system may include a channel network 00 connected to

tip 82. The transport system may include channel-forming members (e.g.,

tubing and/or one or more chips) and at least one valve (e.g., valves 102-1 06,

which may include valve actuators) to regulate and direct fluid flow into,



through, and out of the channel network. Fluid flow into, through, and out of

channel network 100 may be driven by at least one pump, such as a sample

pump 108 and a dilution pump 110 . The fluid introduced into channel network

100 may be supplied by emulsion 86 and one or more fluid sources 112

formed by reservoirs 114 and operatively connected to one or more of the

pumps. (A cleaning fluid also may be introduced via the tip.) Each fluid source

may provide any suitable fluid, such as a hydrophobic fluid (e.g., oil), which

may be miscible with the continuous phase of the emulsion and/or a carrier

phase in the system, but not the dispersed phase of the droplets, or may

provide a relatively more hydrophilic fluid for cleaning portions of the channel

network and/or tip. Fluid that travels through examination region 92 may be

collected in one or more waste receptacles 116.

A channel network may be any fluidics assembly including a plurality of

channels. A channel network may include any combination of channels (e.g.,

formed by tubing, chips, etc.), one or more valves, one or more chambers,

one or more pressure sources, fluid sources, etc.

The continuous phase, carrier fluid, and/or dilution fluid may be

referred to as oil or an oil phase, which may include any liquid (or liquefiable)

compound or mixture of liquid compounds that is immiscible with water. The

oil may be synthetic or naturally occurring. The oil may or may not include

carbon and/or silicon, and may or may not include hydrogen and/or fluorine.

The oil may be lipophilic or lipophobic. In other words, the oil may be

generally miscible or immiscible with organic solvents. Exemplary oils may

include at least one silicone oil, mineral oil, fluorocarbon oil, vegetable oil, or a

combination thereof, among others. In exemplary embodiments, the oil is a

fluorinated oil, such as a fluorocarbon oil, which may be a perfluorinated

organic solvent. A fluorinated oil includes fluorine, typically substituted for

hydrogen. A fluorinated oil may be polyfluorinated, meaning that the oil

includes many fluorines, such as more than five or ten fluorines, among

others. A fluorinated oil also or alternatively may be perfluorinated, meaning

that most or all hydrogens have been replaced with fluorine. An oil phase may

include one or more surfactants.



Each pump may have any suitable structure capable of driving fluid

flow. The pump may, for example, be a positive-displacement pump, such as

a syringe pump, among others. Other exemplary pumps include peristaltic

pumps, rotary pumps, or the like.

The position of tip 82 may be determined by a drive assembly 118

capable of providing relative movement of the tip and containers) 88 along

one or more axes, such as three orthogonal axes 120 in the present

illustration. In other words, the drive assembly may move the tip while the

container remains stationary, move the container while the tip remains

stationary, or move both the tip and the container at the same or different

times, among others. In some embodiments, the drive assembly may be

capable of moving the tip into alignment with each container (e.g., each well

of a multi-well plate), lowering the tip into contact with fluid in the container,

and raising the tip above the container to permit movement of the tip to

another container. The drive assembly may include one or more motors to

drive tip/container movement, and one or more position sensors to determine

the current position of the tip and/or container and/or changes in tip/container

position. Accordingly, the drive assembly may offer control of tip position in a

feedback loop.

Transport system 80 further may include a controller 122. The

controller may control operation of, receive inputs from, and/or otherwise

communicate with any other components of the transport system, such as

detection unit 94, valves 102-1 06 (e.g., via actuators thereof), pumps 108 and

110, and drive assembly 118 , among others. For example, the controller may

control light source operation and monitor the intensity of light generated,

adjust detector sensitivity (e.g., by adjusting the gain), process signals

received from the detector (e.g., to identify droplets and estimate target

concentrations), and so on. The controller also or alternatively may control

valve positions, tip movement (and thus tip position), pump operation (e.g.,

pump selection, direction of flow (i.e., generation of positive or negative

pressure), rate of flow, volume dispensed, etc.), and the like. Accordingly, the

controller may control when, where, and how fluid moves within the channel



network 100. The controller may provide automation of any suitable operation

or combination of operations. Accordingly, the transport system may be

configured to load and examine a plurality of emulsions automatically without

user assistance or intervention.

The controller may include any suitable combination of electronic

components to achieve coordinated operation and control of system functions.

The electronic components may be disposed in one site or may be distributed

to different areas of the system. The controller may include one or more

processors (e.g., digital processors, also termed central/computer processing

units (CPUs)) for data processing and also may include additional electronic

components to support and/or supplement the processors, such as switches,

amplifiers, filters, analog to digital converters, busses, one or more data

storage devices, etc. In some cases, the controller may include at least one

master control unit in communication with a plurality of subordinate control

units. In some cases, the controller may include a desktop or laptop computer.

The controller may be connected to any suitable user interface, such as a

display, a keyboard, a touchscreen, a mouse, etc.

Channel network 100 may include a plurality of channels or regions

that receive droplets as the droplets travel from tip 82 to waste receptacle

116 . The term "channel" will be used interchangeably with the term "line" in

the explanation and examples to follow.

Tip 82 may form part of an intake channel or loading channel 130 that

extends into channel network 100 from tip 82. Droplets may enter other

regions of the channel network from loading channel 130. Droplets 84 in

emulsion 86 may be introduced into loading channel 130 via tip 82 (i.e.,

picked up by the tip) by any suitable active or passive mechanism. For

example, emulsion 86 may be pulled into the loading channel by a negative

pressure created by a pump, i.e., by suction (also termed aspiration), may be

pushed into the loading channel by a positive pressure applied to emulsion 86

in container 88, may be drawn into the loading channel by capillary action, or

any combination thereof, among others.



In exemplary embodiments, pump 108 pulls the emulsion into loading

channel 130 by application of a negative pressure. To achieve loading, valve

102 may be placed in a loading position indicated in phantom at 132, to

provide fluid communication between tip 82 and pump 108. The pump then

may draw the emulsion, indicated by phantom droplets at 134, into loading

channel 130 via tip 82, with the tip in contact with the emulsion. The pump

may draw the loaded droplets through valve 102 into a holding channel 136.

The loaded droplets may be moved toward detection unit 94 by driving

the droplets from holding channel 136, through valve 102, and into a queuing

channel 138. The queuing channel may place the droplets in single file,

indicated at 140.

The droplets may enter a confluence region or separation region 142,

optionally in single file, as they emerge from queuing channel 138. The

confluence region may be formed at a junction of the queuing channel and at

least one dilution channel 144. The dilution channel may supply a stream of

dilution fluid 146 driven through confluence region 142, as droplets and carrier

fluid/continuous phase 148 enter the confluence region as a stream from

queuing channel 138. The dilution fluid may be miscible with the carrier fluid

and serves to locally dilute the emulsion in which the droplets are disposed,

thereby separating droplets by increasing the average distance between

droplets.

The droplets may enter an examination channel 150 after they leave

confluence region 142. The examination channel may include examination

region 92, where the examination channel may be illuminated and light from

the examination region may be detected.

Tip 82 may be utilized to load a series of emulsions from different

containers. After droplets are loaded from a first container, the tip may be

lifted to break contact with remaining fluid, if any, in the container. A volume of

air may be drawn into the tip to serve as a barrier between sets of loaded

droplets and/or to prevent straggler droplets from lagging behind as the

droplets travel through the channel network. In any event, the tip next may be

moved to a wash station 152, wherein tip 82 may be cleaned by flushing,



rinsing, and/or immersion . More particularly, fluid may be dispensed from

and/or drawn into the tip at the wash station, and the tip may or may not be

placed into contact with a fluid 154 in the wash station during cleaning (e.g.,

decontamination). The cleaned tip then may be aligned with and lowered into

another container, to enable loading of another emulsion.

A transport system may include any combination of at least one vessel

(i.e., a container) to hold at least one emulsion (and/or a set of vessels to hold

an array of emulsions), at least one pick-up tip to contact the emulsion(s) and

receive droplets from the emulsion, one or more fluid drive mechanisms to

generate positive and/or negative pressure (i.e., one or more pumps to pull

and/or push fluid into or out of the tip and/or through a detection site), a

positioning mechanism for the tip and/or vessel (to move the tip with respect

to the vessel or vice versa), one or more valves to select and change flow

paths, at least one examination region to receive droplets for detection, or any

combination thereof, among others.

These and other aspects of droplet reactions performed in vessels in

static/batch mode, droplet transport systems, and detection systems are

described in further detail in the patent documents listed above under Cross-

References and incorporated herein by reference.

III. Examples

The following examples describe selected aspects and embodiments of

droplet transport systems for detection of droplets. These examples are

intended for illustration only and should not define or limit the entire scope of

the present disclosure.

Example 1: Exemplary Transport Systems with a Two-State

Multi-port Valve

This example describes exemplary droplet transport systems with a

two-state (i.e., two-configuration) multi-port valve to permit switching between

two sets of channel connections utilized by three pumps; see Figures 3 and 4 .

Figure 3 shows an exemplary embodiment 170 of droplet transport

system 80 of Figure 2 . Transport system 170 may include any combination of

the components and features disclosed herein for other transport systems.



Transport system 170 operates generally as described above for

transport system 80, with counterpart elements of system 170 functioning

similarly, except where noted below, and being assigned the same reference

numbers as those of system 80.

Emulsions may be held by a multi-well plate 172, which provides

containers 88 (i.e., wells) for individual emulsions 86. The droplets of each

emulsion may, for example, be thermally cycled as a batch before loading

them into transport system 170. Thermal cycling may have been performed

with emulsions held by plate 172, or the emulsions may be transferred to the

plate after thermal cycling or other suitable incubation has been performed.

System 170 may be equipped with a multi-port valve 174. The valve

has a plurality of ports, such as least four, six, eight, or ten, at which channels

of channel network 100 may be connected. For example, here, valve 174 has

ten ports 176 labeled sequentially as 1 through 10 . Some of the ports, such as

ports 4 and 7 in the present illustration, may be plugged, but available for

connection of additional channels, if needed, to add functionality to the

system.

Valve 174 may be described as a multi-state or multi-configuration

valve, with at least two states/configurations. In each configuration, the valve

may place one or more pairs of channels in paired fluid communication with

each other. Here, valve 174 is configured as a two-state valve, with the two

configurations labeled as "A" and "B." In configuration A, adjacent pairs of

ports, namely, ports 2 and 3, 4 and 5, 6 and 7, and 8 and 9 are in pair-wise

fluid communication. The ports may be arranged in a circle (e.g., see Example

5), so ports 10 and 1 also are in fluid communication. In configuration B, the

pairings are offset by one, namely, the following pairs of ports are in fluid

communication: 1 and 2, 3 and 4, 5 and 6, 7 and 8, and 9 and 10 .

Channels of channel network 100 may be defined substantially or at

least predominantly by pieces of tubing 176. Each piece of tubing may or may

not be capillary tubing (i.e., having an internal diameter of less than about 2 or

1 mm, among others). Two or more ends 178 of the tubing may be connected

to one another by valve 174, in an adjustable configuration, or may be



connected in a fixed configuration using connectors 180 (illustrated as

squares where channels meet). Each connector may define connector

channels that communicate with tubing channels. Also, each connector may

define a counterbore aligned with each connector channel and sized to

receive an end of the tubing. Fittings may be engaged with the connector to

secure pieces of tubing to the connector.

At least one of connectors 180 may form a spacer 182, also termed a

separator or singulator, for dilution of the emulsion before examination. Here,

spacer 182 has a cross shape, with two dilution channels 144 and one

queuing channel 138 forming confluence region 142 that feeds separated

droplets to examination channel 150. In other cases, spacer has only one

dilution channel (e.g., a T-shaped spacer), or three or more dilution channels.

Transport system 170 may operate as follows. Valve 174 may be

placed in configuration A, to connect ports 1 and 10, which provides fluid

communication between loading channel 130 and holding channel 136.

Sample pump 108 may be operated to create a negative pressure, which

draws an emulsion 86 from well 88, through tip 82 and loading channel 130,

into holding channel 136. Valve 174 then may be may be placed in

configuration B, to connect ports 9 and 10, which provides fluid

communication between holding channel 136 and queuing channel 138.

Pump 108 again may be operated but in this case to create positive pressure

that pushes emulsion 86 from holding channel 136 to queuing channel 138.

Before droplets of the emulsion reach spacer 182, dilution pump 110

may be operated to create a positive pressure that pushes dilution fluid 146

through dilution channels 144 to spacer 182. As a result, the emulsion is

diluted with dilution fluid as droplets enter confluence region 142 of the

spacer. Separated droplets then travel along examination channel 150,

through examination region 92 for detection, and enter a waste line 184.

Waste line 184 is in fluid communication with waste receptacle 116,

with valve 174 in its current configuration, namely, configuration B, because

port 5 is connected to port 6 . Accordingly, continued positive pressure from



pump 108 pushes droplets from waste line 184, through ports 5 and 6 of valve

174, and into the waste receptacle.

System 170 may include a third pump, namely, a cleaning pump 190,

that provides a cleaning capability, by flushing channels with a cleaning fluid

19 1, which may be the same as, or different from, dilution fluid 146. Channel

network 100 may be configured to permit back flushing by pump 190 when

valve 174 is in the loading configuration (configuration A) or the examination

configuration (configuration B). Here, pump 190 can back flush with valve 174

in configuration A . The pump pushes cleaning fluid 19 1 through a first back-

flush channel 192, ports 2 and 3, a second back-flush channel 194, through

examination channel 150 and queuing channel 138, and finally to the waste

receptacle via ports 8 and 9 . Cleaning pump 190 thus drives flow of fluid in

reverse through channels 138 and 150. This reverse flow can serve to remove

any residual droplets from these channels before another cycle of loading and

examination with a different emulsion and/or may remove debris and/or clogs,

which may collect or form where the flow path has a minimum diameter, such

as in spacer 182.

Sample pump 108 also may be operated for cleaning with valve 174 in

configuration A . The pump can push flushing fluid, such as oil, through

holding channel 136, ports 10 and 1, loading channel 130, and tip 82. This

back flushing may be performed with tip 82 disposed over a wash station

and/or a well of the plate.

Figure 4 shows another exemplary embodiment 2 10 of droplet

transport system 80 of Figure 2 . Transport system 2 10 may include any

combination of the components and features disclosed herein for other

transport systems.

Transport system 2 10 operates generally as described above for

transport system 170, with counterpart elements of system 2 10 functioning

similarly, except where noted below, and being assigned the same reference

numbers as those of system 170. However, system 2 10 includes a droplet

arrangement region 90 formed by a T-shaped spacer 2 12, instead of spacer

182 with a cross (see Fig. 3).



System 2 10 may use sample pump 108 to pull droplets into loading

channel 130 and holding channel 136 with valve 174 in configuration A . After

changing valve 174 to configuration B, sample pump 108 may push the

loaded emulsion through queuing channel 138 to spacer 2 12 . Dilution pump

110 may concurrently push dilution fluid 146 through the spacer to form a train

of spaced droplets for detection at detection unit 94. After passing through

examination region 92, droplets may proceed to waste line 184 and finally to

waste receptacle 116 via valve ports 7 and 8.

Valve 174 then may be placed back into configuration A for cleaning.

Sample pump 108 may push fluid through loading 130 and out tip 82, and

cleaning pump 190 may push fluid through channels 192, 194, and 150.

Example 2: Exemplary Transport System with a Coaxial Tip

This example describes an exemplary droplet transport system with a

coaxial tip; see Figures 5-9.

Figure 5 shows an exemplary embodiment 240 of droplet transport

system 80 of Figure 2 . Transport system 240 may include any combination of

the components and features disclosed herein for other transport systems.

Transport system 240 operates generally as described above for transport

systems 80 and 170, with counterpart elements functioning similarly, except

where noted below, and being assigned the same reference numbers.

However, system 240 may incorporate a number of new components and

features as described below, such as a coaxial tip 242.

Figure 6 shows a fluidic assembly 244 including tip 242, with the

assembly supported by an arm 246 of drive assembly 118 . Tip 242 may

include an inner tube 248 and an outer tube 250 arranged coaxially. Inner

tube 248 may project from the lower end of outer tube 250 to form a nose

252. Nose may have any suitable length, such as about 0.2 to 2 cm among

others. Inner tube 248 and outer tube 250 define respective, coaxial inner

channel 254 and outer channel 256.

Fluidic assembly 244 may include an interconnect 258 that forms

separate fluidic connections between coaxial channels 254, 256 of tip 242 and

respective channels of channel network 100 (see Fig. 5), namely, a dispense



channel 260 and a loading channel 130. Channels 260 and 130 may be

defined by respective tubing members 262, 264. An end of each tubing

member may be received in bores of interconnect 258 and secured to the

interconnect with fittings 266. An upper end of tip 242 also may be received in

a bore of interconnect 258 and secured in position.

The two separate fluid connections are as follows: outer channel 256 of

tip 242 is in fluid communication with dispense channel 260 via interconnect

cross channel 268, and inner channel 256 of the tip is in fluid communication

with loading channel 130.

Figure 7 shows fluidic assembly 244 with a lower section of nose 252

of inner tube 248 immersed in emulsion 86. Outer tube 250 is not in contact

with the emulsion. Accordingly, the emulsion may be picked up with the inner

tube, without the emulsion contacting (or contaminating) the outer tube.

Figure 8 schematically shows exemplary directions of fluid flow through

channels 254, 256 of tip 242 as emulsion 86 is being picked up by the tip. The

emulsion may be drawn into inner tube 248, as indicated by flow arrows at

270. In contrast, a carrier fluid (or dilution fluid) 272 may be dispensed from

outer tube 250, as indicated by opposing flow arrows at 274. The carrier fluid

may be dispensed at any suitable time relative to uptake of the emulsion. For

example, the carrier fluid may be dispensed concurrently with uptake of the

emulsion, may be dispensed during one or more overlapping time intervals,

may be dispensed during one or more nonoverlapping time intervals (e.g., in

alternation with periods of uptake), or the like.

Figure 9 schematically shows exemplary directions of fluid flow through

channels 254, 256 of tip 242 as the tip is being cleaned in wash station 152.

Here, fluid is flowing through inner tube 248 and outer tube 250 of the tip in

the same direction, as indicated by flow arrows at 276.

Fluid flowing through the inner tube is flushing any residual droplets

from the tube, and fluid flowing through the outer tube is rinsing the exterior of

nose 252, indicated by fluid at 278. The nose may be out of contact with any

fluid in the wash station during this cleaning procedure. Alternatively, any



suitable portion of the tip may be immersed in a cleaning fluid during a

flushing, rinsing, or dipping operation.

Figure 5 shows a fluidics layout that enables use of coaxial tip 242 for

emulsion pickup and tip cleaning. A pair of pumps 290, 292 may function

cooperatively during emulsion loading and droplet examination. Each of the

pumps may be operatively connected to the same source 294 of dilution fluid

246, such as oil, held by a container 296 with a vented filter 298. A third

pump, namely, a cleaning pump 300, may be operatively connected to a

source of cleaning fluid 302.

Pumps 290, 292 may load emulsion 86 with valve 174 in configuration

B and waste channel 184 closed. Fluid flow through the waste channel may

be blocked by any suitable valve, such as a solenoid valve 304 or a suitable

connection to valve 174. With a valve configuration provided collectively by

valves 174 and 304, pump 290 can draw emulsion 86 into loading channel

130 via the inner tube of tip 242, through ports 1 and 2 of valve 174, and into

holding channel 136. Pump 292 can dispense dilution fluid 246 for uptake by

the inner tube of tip 242 in well 88 by exerting pressure from upstream

channel 306, through ports 10 and 9, to effect outflow from dispense channel

260 and the outer tube of tip 242.

Pumps 290, 292 cooperate to separate droplets and drive separated

droplets through examination region 92. The valve configuration of system

240 may be changed by switching valve 174 to configuration B and opening

waste line 184 by opening solenoid valve 304. Pump 292 may push the

emulsion from holding channel 136 through spacer 182, while pump 290

pushes dilution fluid through the spacer. Accordingly, droplets travel from

holding channel 136 to queuing channel 138, and through the examination

region, without passing through another valve. Since valves can disrupt

droplet integrity, the innovative use of fluidics in system 240 to reduce transit

through valves can improve assay performance. In any event, the combined

streams produced by positive pressure from pumps 290, 292 may carry

separated droplets through examination channel 150, waste channel 184, and

to waste receptacle 116 .



Loading channel 130, dispense channel 260, and tip 242 may be

cleaned after emulsion loading and/or droplet examination. The tip may be

moved to wash station 152 before cleaning. Cleaning may be performed with

dilution fluid 246 and/or cleaning fluid 302. For example, channels 130, 260

and tip 242 may be cleaned only with dilution fluid, only with cleaning fluid, or

with a combination of dilution fluid and cleaning fluid, either sequentially, in

alternation, or the like. Cleaning with dilution fluid 246 may be achieved using

the same valve configuration as described above for loading the emulsion into

loading channel 136. In particular, valve 174 may be placed in configuration

B, solenoid valve 304 closed, and dilution fluid pushed through channels 130,

260 and inner and outer channels 254, 256 of the tip (e.g., see Fig. 9) in

response to positive pressure applied by pumps 290, 292. In contrast,

cleaning with cleaning fluid 302 may be achieved by placing valve 174 in

configuration A and applying positive pressure on cleaning channels 308, 3 10

with cleaning pump 300. Channels 308, 310 connect to channels 130, 260 via

ports 2 and 3, and ports 8 and 9, respectively. As a result, positive pressure

applied by cleaning pump 300 is transferred to channels 130, 260, which

drives cleaning fluid out of both channels 254, 256 of the tip (e.g., see Fig. 9),

once channels 130, 260 have been flushed of oil or other dilution fluid.

Waste fluid collected in wash station 152 may be driven to waste

receptacle 116 through an emptying line 312 by a pump, such as a peristaltic

pump 314, which is shown schematically in Figure 5 . The peristaltic pump

may operate continuously or intermittently to empty the wash station.

Cleaning fluid 302 may have a different chemical composition than

dilution fluid 246. For example, the cleaning fluid may be more hydrophilic

and/or polar than the dilution fluid. Use of a more hydrophilic/polar cleaning

fluid may be more efficient at removing residual droplets, because the

dispersed phase of the droplets may be more soluble in the cleaning fluid than

the dilution fluid. The cleaning fluid also may be at least partially soluble in the

dilution fluid, and vice versa, to allow the cleaning fluid to remove the dilution

fluid from the channels, and vice versa. Exemplary cleaning fluids may include

organic solvents, such as alcohols and ketones, among others, which may be



of low molecular weight (e.g., with a molecular weight of less than about 500

daltons). Suitable alcohols may include ethanol and isopropanol, and suitable

ketones may include acetone, among others. The cleaning fluid may or may

not include water. Exemplary concentrations of water in the cleaning fluid

include about 0 to 50%, 5 to 40%, or 10 to 30%, among others. Use of a

cleaning fluid may reduce the amount of dilution fluid needed to clean loading

and dispense channels 130, 260 and tip 242. For example, in some

embodiments, oil consumption may be reduced from about 1.75 ml_ per well

to about 0.4 ml_ per well, with a corresponding savings in cost. Alternatively,

or in addition, use of a cleaning fluid may reduce or virtually eliminate

carryover (e.g., contamination with residual droplets) in subsequent

examinations of other emulsions. The cleaning fluid may remove

contamination found in the coaxial tip and/or dissolve clogs in the wash

station. Reductions in oil consumption and contamination may increase

sample processing efficiency, for example, complete cleaning of the pickup tip

may reduce contamination from two-phase pickup, increasing the number of

droplets that may be picked up and processed, and throughput may be

increased by flushing the tip with a third pump during droplet separation and

examination. Some suitable cleaning fluids, such as 70% ethanol, are

standardly stocked and available in laboratories such as biology laboratories

that would perform droplet assays. Some cleaning fluids, again such as 70%

ethanol, could mitigate microbial growth in output lines and waste reservoirs

and could separate dilution oil from any additional anti-mold agents that might

be necessary or desirable for preventing growth. Ethanol may be miscible in

various fluorocarbon oils, such as HFE, which could reduce or eliminate two-

phase problems and water-soluble contamination (which HFE alone might

not).

Loading channel 136, queuing channel 138, and examination channel

150 also may be cleaned after examination of a set of droplets from an

emulsion. The cleaning may be performed by placing valve 174 in

configuration A, opening solenoid valve 304, and driving fluid from loading

channel 136, through examination channel 150, to waste channel 184, and



waste receptacle 116, by application of positive pressure on upstream

channel 306 with pump 292.

Example 3: Exemplary Procedures for Using Droplet Transport Systems

This example describes exemplary procedures and other

considerations for using droplet transport systems, such as the system of

Example 2, among others. These procedures may include the following

classes of operations: (A) pre-plate processing, (B) well processing, (C) post-

plate processing, and (D) special operations.

A. Pre-olate Processing

Before the first well (or container) is processed, the following

operations may be executed:

Detector start. The performance of the detector may be sensitive to

temperature. For example, the color spectra of the detector LEDs may change

with temperature. The LEDs emit heat during use and may require a warm-up

period to achieve a stable operating temperature. The LEDs can be turned on

in advance of well processing to assure that the temperature and color

spectra are stable before processing wells.

Pump initialization. Since the system can be in an unknown state at

startup, initializing the pumps puts the system in a known state. The pumps

(e.g., sample pump, oil or dilution pump, waste or peristaltic pump, etc.) can

be initialized to a home position. The pumps can be initialized to be filled with

a specified volume of oil. The pumps may have valves integrated into a single

package; the valves on the pumps can be initialized to a known position.

Examination region and spacer flush. The examination region tubing

and spacer may be flushed with a volume of oil to remove residual sample or

debris from an earlier use. To flush the examination region tubing and spacer,

sample and oil (e.g., dilution) pumps can each be filled with a volume of oil

from an oil reservoir. After filling the pumps, a detector exhaust (or solenoid)

valve can be configured to an open position and the multi-port valve can be

configured to connect the sample pump to the spacer. Then, the sample and

oil pumps can discharge oil to flush the examination region tubing and spacer



to waste. The examination region tubing and spacer may be flushed multiple

times.

Sample pickup (coaxial) tip flush and rinse. The sample pickup tip may

be flushed (internally washed) and rinsed (externally washed) with a volume

of oil to remove residual sample or debris from an earlier use. To flush and

rinse the sample pickup tip, the sample and oil pumps can each be filled with

a volume of oil from the oil reservoir. After filling the pumps, the sample

pickup tip can be positioned over a wash station (or waste well). The detector

exhaust valve can be configured to a closed position and the multi-port valve

can be configured to connect the sample pump to the outer channel of the

pickup coaxial tube, and the oil pump to the sample pickup tip. Then, the

sample pump can rinse the sample pickup tip by discharging oil through the

outer channel of the pickup coaxial tube, and the oil pump can flush the

sample pickup tip by discharging oil through the sample pickup tip. The oil

from flushing and rinsing flows into the wash station. A waste (e.g., peristaltic)

pump may transport oil from the wash station to a waste reservoir to prevent

overflowing the wash station. The sample pickup tip may be flushed and

rinsed multiple times.

B. Well Processing

During processing of a sample (e.g., droplets) in a sample well (e.g., a

well of a multiwell plate), the following operations may be executed:

Pickup tip pre-wettinq. The external surface of the sample pickup tip

may be pre-wetted with oil. The sample pump may be filled with a volume of

oil from the oil reservoir. The multi-port valve may be configured to connect

the sample pump to the outer channel of the pickup coaxial tube and the oil

pump to the sample pickup tip. The sample pickup tip may be positioned over

the wash station. Then, the sample pump may discharge oil into the wash

station. A waste pump may transport oil from the wash station to the waste

reservoir to prevent overflowing the wash station. The sample pickup tip may

be pre-wetted multiple times. Similarly, the oil pump may be used for pre-

wetting the internal surface of the sample pickup tip.



Sample oil addition. Oil may be added to a sample. The sample pump

may be filled with a volume of oil from the oil reservoir. The multi-port valve

may be configured to connect the sample pump to the outer channel of the

pickup coaxial tube. The sample pickup tip may be positioned over a sample

well containing a sample. Then, the sample pump may discharge oil through

the outer channel of the pickup coaxial tube into the sample well. Similarly,

the oil pump may be used to add oil to the sample well through the sample

pickup tip.

Transfer of sample from the sample well to a holding channel. Sample

may be transferred from a sample well to a holding channel (e.g., sample

holding loop). Before transferring the sample, either the sample pump or the

oil pump or both may be preloaded with a volume of oil. The volumes

preloaded into the pumps may be any volume that facilitates sample

processing. The volumes preloaded into the sample pump and oil pump may

be 5 µ Ι_and 5 µ Ι_, respectively, among others.

The sample pickup tip may enter a sample well where it is in fluid

communication with the sample. The sample pickup tip may be positioned to a

depth in the sample well such that pickup of the sample is effective. The

sample pickup tip may be positioned a predetermined height (e.g., 500 µιτι)

above the bottom of the sample well.

The detector exhaust valve may be configured to its closed position

and the multi-port valve may be configured to connect the sample pump to the

outer channel of the pickup coaxial tube and the spacer to the sample pickup

tip. The oil pump may aspirate a volume, which causes flow from the sample

well through the sample pickup tip, sample pickup tubing, multi-port valve,

holding channel, spacer, oil tubing (e.g., oil splitting tubing, oil splitting tee,

etc.) into the oil pump. The rate of aspiration may be any rate that is effective

for sample pickup. The sample pickup rate may be 360 L/min. The volume

aspirated by the oil pump may be any volume that is effective for sample

pickup. The volume aspirated may be a volume sufficient to move the sample

from the sample well, through the intermediate tubing, and into the holding

channel. The volume aspirated may be 38 µ Ι_.



During aspiration of the sample by the oil pump, the sample pump may

add additional oil to the sample well. The oil may be used to increase the yield

(amount of sample recovered from the sample well). The extra oil may be

added at any rate and at any volume that is effective for sample pickup.

Additional oil may be added all at once or as a series of additions. Each

addition may independently be at any desired rate and volume.

During aspiration of the sample by the oil pump, air may be allowed to

enter the sample pickup tip. Air trailing the sample may increase yield by

decreasing the amount of sample that adheres to the walls of the tubing. The

air may be introduced into the sample pickup tip by aspirating a volume

greater than the volume of liquid in the well. The air also may be introduced

into the sample pickup tip by positioning the sample pickup tip such that it is in

fluid communication with air instead of sample.

The sample may be aspirated all at once or it may be aspirated as a

series of aspiration steps. There may be a time delay between the aspiration

steps. The aspiration steps may be interleaved with oil addition steps from the

sample pump and/or air aspiration steps. The sequence of sample aspiration

steps, air aspiration steps, and oil addition steps may be configured to

increase the amount of sample recovered from the sample well.

Oil added during sample pickup may be transferred directly from the

outer channel of the pickup coaxial tube to the sample pickup tip without

entering the sample well. The added oil may be allowed to flow in sheath flow

along the outside of the sample pickup tip. Once this oil reached the end of

the sample pickup tip it may be entrained into the sample pickup tip without

entering the sample well.

Sample detection. Sample may be transferred from the holding channel

through the spacer and through a detector where an analyte in the sample is

detected. The multi-port valve may be configured to connect the sample pump

to the holding channel. The detector exhaust valve may be opened to connect

the detector exhaust to waste.



The sample pump and oil pump may each be filled with a volume of oil

to effectively transport the sample from the holding channel through the

spacer, through the detector, and to waste. The oil pump and sample pump

may simultaneously discharge, causing flow of sample out of the holding

channel and into the spacer, and oil into the spacer. The oil and sample may

mix together in the spacer. The mixing of sample and oil in the spacer may

increase the spacing between droplets in the sample.

Spacer and examination region flushing. After processing a sample,

the spacer and examination region tubing may be flushed. See previous

description.

Sample pickup tip rinsing and flushing. After processing a sample, the

sample pickup tip may be rinsed and flushed. See previous description.

C. Post-plate Processing

After processing a series of wells, the following operations may be executed:

Spacer and examination region flushing. After processing a sample,

the spacer and examination region tubing may be flushed. See previous

description.

Sample pickup tip rinsing and flushing. After processing a sample, the

sample pickup tip may be rinsed and flushed. See previous description.

D. Other Operations

Other operations that may be executed as needed:

Fluidics priming. The fluidics system may be primed to remove air

bubbles that are in the system. Priming is achieved by alternately filling the

pumps with oil from the oil reservoir, then dispensing the oil through the

circuit. The priming can be performed using any volume and flow rate that is

effective in removing air from the system. Priming can be performed as a

single operation or as a series of priming operations.

Clog removal. The fluidics system may undergo clog removal

operations for removal of clogs (e.g., caused by droplet aggregates, foreign

matter, etc.). Clog removal operations can include any combination of starting

and stopping pump flows and toggling of valves that is effective for removal of

clogs.



Example 4: Additional Exemplary Transport Systems with a Coaxial Tip

This example describes additional exemplary droplet transport systems

with a coaxial tip; see Figures 10 and 11. These systems may include any

combination of the components and features disclosed herein for other

transport systems.

Figure 10 shows an exemplary droplet transport system 320 including

coaxial tip 242 of system 240. Transport system 320 may include three pumps

and a 10-port valve. With this layout, all of the following functions can be

integrated: droplet pickup, rinsing the pickup tip and container during pickup,

flushing the examination region in parallel with pickup tip operation, parallel

preparation/cleaning of the pickup tip during droplet introduction to the

examination region, flow focusing/droplet separation, backflushing of the

examination region of the circuit, or any combination thereof, among others.

Transport system 320 may include a dispense pump 322 that is used

with sample pump 108 to load an emulsion into holding channel 136. Valve

174 is placed in configuration A . The emulsion is drawn into loading channel

130 by application of a negative pressure with sample pump 108. A dilution

fluid 246 is dispensed to well 88 by application of a positive pressure with

dispense pump 322, such that at least a portion of the dilution fluid is taken up

with the emulsion into channels 130, 136. The dilution fluid may improve the

efficiency of emulsion loading.

Droplets of the loaded emulsion may be separated and examined with

valve 174 in configuration B. Sample pump 108 may apply a positive pressure

to drive emulsion from holding channel 136 to queuing channel 138, through

spacer 2 12, through examination region 92, and to waste channel 184 and

waste receptacle 116. Dilution pump 110 may drive dilution fluid 246 through

dilution channel 144 as droplets are traveling through the spacer, to provide

droplet separation.

Channels 130 and 260, among others, and tip 242, may be cleaned by

operation of sample pump 108 and dispense pump 322. For example, both

pumps may apply positive pressure with valve 174 in configuration B, to clean

channels 130, 260 and tip 242.



Figure 11 shows yet another exemplary droplet transport system 350

including coaxial tip 242 of system 240. The system may include sample

pump 108, dilution pump 110, and a dispense pump 352. Sample pump 108

and dispense pump 352 may be used cooperatively, with valve 174 in

configuration A, to load an emulsion into holding channel 136. In particular,

sample pump 108 may apply a negative pressure to the inner channel of tip

242 via channels 130, 136, to draw the emulsion into loading channel 136. As

explained above for transport system 240 (e.g., see Fig. 8), dispense pump

352 may dispense dilution fluid 146 by applying a positive pressure to

dispense channel 260, to improve the efficiency of emulsion loading.

Valve 174 may be placed in configuration B to permit sample pump

108 to apply a positive pressure to holding channel 136, such that the

emulsion travels to queuing channel 138. Pumps 108, 110 may apply a

positive pressure to queuing channel 138 and dilution channel 144,

respectively, to drive the emulsion and dilution fluid through spacer 2 12 and

examination channel 150, to waste channel 184, through ports 9 and 10 of

valve 174, and finally to waste receptacle 116 .

Channels and the tip may be cleaned as follows. Sample pump 108

and dispense pump 352 may be utilized to clean channels 130, 260 and tip

242. The pumps each may apply a positive pressure to loading channel 136

and cleaning channel 354 with valve 174 in configuration A, to flush channels

130, 260, and flush and rinse the inner tube of tip 242, in the manner

described above for system 240 (e.g., see Fig. 9). Channels 136, 138, and

150 may be cleaned by placing valve 174 in configuration B and pushing fluid

from these channels to waste line 184 and waste receptacle 116 by

application of positive pressure with pump 108.

Example 5: Exemplary Transport System with Droplet Injection

This example describes an exemplary droplet transport system 380

with injection of droplets from tip 82 into an injection port; see Figure 12 .

System 380 may pick up an emulsion with tip 82 from plate 172 and

then dispense the emulsion back out of the tip into a queuing channel 382.

The emulsion may be driven from the queuing channel into spacer 2 12 for



droplet separation using dilution fluid 146 driven by dilution pump 110, and on

to detection channel 150 for detection with detection unit 94.

The channel network of system 380 may be equipped with a multi-port

valve 384, which is similar in design to valve 174 (e.g., see Fig. 3), but has

fewer ports, namely, ports 1 to 6 . Valve 384 has two configurations. In

configuration A, the following ports are connected to one another: ports 1 and

2, 3 and 4, and 5 and 6 . In configuration B, the following ports are connected

to one another 2 and 3, 4 and 5, and 6 and 1. The valve is shown in

configuration B in Figure 12.

An emulsion may be transferred from plate 172 to queuing channel 382

as follows. The emulsion may be drawn into holding channel 136 by applying

a negative pressure with a loading pump 386, with valve 384 in configuration

B (as shown). Drive assembly 118 then may align tip 82, indicated in phantom

at 388, with a seat 390 that provides an injection port, and lower the tip into

the fluid-tight engagement with the seat. Valve 384 next may be placed into

configuration A, which connects ports 5 and 6, and ports 1 and 2 . An injection

pump 392 then may apply a positive pressure to holding channel 136, to drive

the emulsion from the loading channel, through seat 390, and into queuing

channel 382. Additional pressure from the injection pump coupled with

positive pressure from dilution pump 110 provides emulsion dilution, droplet

separation, and detection.

The fluid lines and tip may be cleaned as follows. A back-flush pump

394 may drive dilution fluid 146 in reverse through channels 150 and 382 to

flush the channels. Loading pump 386 may flush holding channel 136 and tip

82 by applying positive pressure while the tip is still engaged with seat 390.

Fluid flows out of the tip, into waste lines 396, 398, and into a lateral basin

400 of a wash station 402. The tip then may be disconnected from seat 390

and repositioned in a central basin 404 of the wash station. A wash liquid 406

may be driven into basin 404, to clean the outside of the tip by immersion in

the wash liquid. One or more pumps 408 may drive contaminated wash

solution and/or fluid flushed from the lines into waste receptacle 116.



Example 6: Further Aspects of Droplet Transport Systems

Droplets may be picked up with a fluid-transfer device from one of

many vial formats: individual vials, well strips, 96-well plates, etc. The vial

format can be temperature controlled and/or sealed (e.g., with seal that can

be pierced with the tip). In general, either a fluid-transfer tip or the vial format

(or both) can be moved via an XYZ stage to provide access to all wells,

special wash receptacles, sanitation or cleaning stations, etc. Pickup of fluid

and fluid movement within the fluid-transfer device can be driven by any

suitable drive mechanism, such as a pressure source (e.g., a positive

displacement pump), etc. The drive mechanism drives fluid movement of an

emulsion from a vial into a pickup tip. In some cases, first and second fluidics

connection can be made to the vial. The first fluidics connection may be used

to pick up droplets with negative pressure from a first pressure source, while

the second fluidic connection allows rinsing of the pickup tip and vial,

optionally while droplets are being picked up with the first pressure source,

with positive pressure from a second pressure source. In some case, the

second fluidics connection can be used to pressurize the vial with positive

pressure, which drives the droplets into the channel network. In some

embodiments, the droplets may be pulled with a pump through a valve and

into a holding channel, and then driven from the holding channel to a spacer

and/or an examination region with the same pump (by reverse the action of

the pump) or a different pump. In each system, one or more sensors and/or

detectors can be introduced for accurate fluid metering and positioning.

In some embodiments, droplets may be drawn into a tip (e.g., a needle)

and then may remain in the tip while the tip is moved to an injection port

(needle seat) for introduction of the droplets from the tip directly into the

detector.

Each transport system may include a droplet separator, which may be

a flow focuser, between the pickup tip and the detector, which can be used to

increase the spacing between droplets or to align droplets in the flow stream.

In general, this requires introduction of another pressure source.



Each transport system may allow for the introduction of a fluid path to

backflush the fluidics lines, such as to remove clogs from small diameter

tubing. In general, this requires introduction of another pressure source and

may impose additional valving requirements.

Example 7: Selected Embodiments

This example describes additional aspects and features of droplet

transport systems for detection, presented without limitation as a series of

numbered paragraphs. Each of these paragraphs can be combined with one

or more other paragraphs, and/or with disclosure from elsewhere in this

application, in any suitable manner. Some of the paragraphs below expressly

refer to and further limit other paragraphs, providing without limitation

examples of some of the suitable combinations.

1. A method of transporting droplets for detection, comprising: (A)

disposing a tip in contact with an emulsion including droplets, the tip including

an outer channel and an inner channel each disposed in fluid communication

with a channel network; (B) loading droplets from the emulsion into the

channel network via the inner channel; and (C) moving loaded droplets to an

examination region of the channel network.

2 . The method of paragraph , wherein the outer channel and the

inner channel are defined by an outer tube and an inner tube, respectively,

and wherein the step of disposing includes a step of creating contact between

the emulsion and the inner tube and not between the emulsion and the outer

tube.

3 . The method of paragraph 1, wherein the tip includes a nose

defining a region of the inner channel that projects below the outer channel

when the tip is disposed in contact with the emulsion.

4 . The method of paragraph 1, wherein the inner channel and the

outer channel are substantially coaxial with each other.

5 . The method of paragraph 1, further comprising a step of

dispensing fluid from the outer channel and into contact with at least a portion

of the emulsion.



6 . The method of paragraph 5, wherein the step of loading includes

a step of introducing, into the channel network via the inner channel, at least a

portion of the fluid dispensed from the outer channel.

7 . The method of paragraph 1, wherein the emulsion is held by a

container, and wherein the step of disposing includes a step of disposing at

least a lower region of the inner channel in the container.

8 . The method of paragraph 7, wherein the container is a well.

9 . The method of paragraph 8, wherein the well is included in a

multi-well plate.

10 . The method of paragraph 1, wherein the step of loading includes

a step of applying a negative pressure to the inner channel from the channel

network.

11. The method of paragraph 10, wherein the negative pressure is

created with a syringe pump.

12 . The method of paragraph 1, further comprising a step of

cleaning the tip after the step of loading by dispensing fluid from the inner

channel and the outer channel.

13 . The method of paragraph 12, wherein the step of cleaning is

performed at least in part during performance of the step of moving loaded

droplets.

14. The method of paragraph 12, wherein the step of loading is

performed with the tip disposed in a container, and wherein the step of

cleaning is performed after moving the tip from the container to a wash

station.

15 . The method of paragraph 1, wherein the step of disposing

includes a step of moving the emulsion while the tip is held stationary.

16 . The method of paragraph 1, further comprising a step of

detecting light received from the examination region as droplets travel through

the examination region.

17 . The method of paragraph 1, further comprising a step of

collecting data related to droplets that have been examined in the examination

region.



18 . A system for transporting droplets for detection, comprising: (A)

a tip configured to contact an emulsion and including an outer channel and an

inner channel; (B) a channel network including an examination region; (C) one

or more pressure sources capable of applying pressure independently to the

outer channel and the inner channel via the channel network and configured

to load droplets of the emulsion into the channel network via the inner channel

and to drive loaded droplets to the examination region; and (D) a detector

configured to detect light from fluid flowing through the examination region.

19 . The system of paragraph 18, wherein the inner channel is

configured to project below the outer channel when droplets of the emulsion

are loaded into the channel network.

20. The system of paragraph 18 , wherein the tip includes a nose

defining a region of the inner channel that projects below the outer channel

when the tip is disposed in contact with the emulsion.

2 1. The system of paragraph 18, wherein the outer channel and the

inner channel are defined by respective outer and inner tubes that are

substantially coaxial with each other.

22. The system of paragraph 18, wherein the outer channel and the

inner channel are configured to be operatively connected to respective

different pressure sources when the droplets of the emulsion are loaded into

the channel network.

23. The system of paragraph 22, wherein the pressure source

operatively connected to the outer channel when the droplets are loaded is

configured to dispense fluid from the outer channel and into contact with an

inner tube defining the inner channel.

24. The system of paragraph 18, wherein the pressure sources

include a first pressure source configured to apply a negative pressure to the

inner channel to draw droplets into the inner channel and also include a

second pressure source configured to apply a positive pressure to the outer

channel to dispense fluid from the outer channel.



25. The system of paragraph 18, wherein each of the pressure

sources is capable of applying positive pressure and negative pressure to the

channel network.

26. The system of paragraph 25, wherein at least one of the

pressure sources is a syringe pump.

27. The system of paragraph 18, wherein each of the pressure

sources is operatively connected to a source of fluid.

28. The system of paragraph 18, further comprising a controller

configured to determine a characteristic of droplets of the emulsion based on

a signal created by the detector that is representative of the light detected.

29. The system of paragraph 18, wherein one or more of the

pressure sources is configured to clean the tip by applying a positive pressure

to the inner channel and the outer channel such that each channel dispenses

fluid.

30. The system of paragraph 29, further comprising a drive

assembly operatively connected to the tip and configured to move the tip to a

wash station after loading droplets and before dispensing fluid from the inner

channel and the outer channel.

3 1 . A method of transporting droplets for detection, comprising: (A)

disposing a tip in contact with an emulsion including aqueous droplets

disposed in a continuous phase; (B) loading droplets from the emulsion into a

channel network via by the tip; (C) moving loaded droplets to an examination

region of the channel network; (D) driving through the tip a cleaning fluid that

is substantially more hydrophilic than the continuous phase; and (E) repeating

the steps of disposing, loading, and moving with another emulsion.

32. The method of paragraph 3 1 , further comprising a step of

detecting light from the examination region as droplets flow through the

examination region.

33. The method of paragraph 3 1, wherein the continuous phase is

an oil phase comprising an oil.

34. The method of paragraph 33, wherein the continuous phase

comprises a surfactant.



35. The method of paragraph 33, wherein the oil includes a

fluorinated oil.

36. The method of paragraph 35, wherein the continuous phase

comprises a fluorinated surfactant.

37. The method of paragraph 3 1 , further comprising a step of

thermally cycling the aqueous droplets.

38. The method of paragraph 3 1 , further comprising a step of

increasing an average distance between droplets as such droplets are moved

to the examination region.

39. The method of paragraph 3 1, wherein the step of increasing an

average distance includes a step of moving droplets through a confluence

region of the channel network.

40. The method of paragraph 3 1, wherein the step of driving moves

the cleaning fluid through a channel defined by the tip, further comprising a

step of flushing the channel defined by the tip with oil after the step of driving

and before the step of repeating.

4 1. The method of paragraph 3 1, wherein the cleaning fluid is

miscible with water.

42. The method of paragraph 3 1, wherein the cleaning fluid includes

an organic solvent with a molecular weight of less than 500.

43. The method of paragraph 3 1 , where the cleaning fluid includes

an alcohol or a ketone.

44. The method of paragraph 43, wherein the cleaning fluid includes

ethanol.

45. The method of paragraph 44, wherein the cleaning fluid is at

least predominantly ethanol.

46. The method of paragraph 3 1, wherein the cleaning fluid includes

water.

47. The method of paragraph 3 1, wherein the step of driving

includes a step of dispensing the cleaning fluid from the tip.

48. The method of paragraph 3 1 , wherein the cleaning fluid is the

same as the continuous phase fluid.



49. The method of paragraph 48, wherein the cleaning fluid

comprises a fluorinated surfactant.

50. A system for transporting droplets for detection, comprising: (A)

a tip; (B) a channel network including an examination region; (C) one or more

pressure sources configured to load droplets of an emulsion into the channel

network via the tip and to drive loaded droplets to the examination region; (D)

a first fluid source and a second fluid source each operatively connected to at

least one of the pressure sources, the first fluid source providing a cleaning

fluid that is substantially more hydrophilic than a fluid provided by the second

fluid source; and (E) a detector operatively connected to the examination

region.

5 1. The system of paragraph 50, further comprising a controller

configured to process droplet data based on a signal received from the

detector.

52. A method of transporting droplets for detection, comprising: (A)

disposing a tip in contact with an emulsion including droplets; (B) loading

droplets from the emulsion via the tip into a flow path that is open between the

loaded droplets and an examination region and closed downstream of the

examination region; (C) opening the flow path downstream of the examination

region; and (D) driving droplets through the examination region.

53. The method of paragraph 52, wherein the step of loading is

performed with a first pressure source and disposes the droplets upstream of

a confluence region, and wherein the step of driving droplets includes a step

of driving the droplets to the confluence region with a second pressure

source.

54. A method of droplet transport for detection, comprising: (A)

disposing a tip in contact with an emulsion including droplets; (B) loading

droplets from the emulsion via the tip, with pressure from a first pressure

source, and into a holding channel that is upstream of a confluence region

and an examination region; (C) driving droplets to the confluence region with

pressure from a second pressure source; and (D) driving the droplets through



the examination region with pressure from both the first and second pressure

sources.

55. A method of transporting droplets for detection, comprising: (A)

disposing a tip in contact with an emulsion including droplets; (B) driving fluid

on a first path through a valve in a first configuration, to load droplets from the

emulsion into a channel network via by the tip; (C) placing the valve in a

second configuration; (D) moving droplets through an examination region of

the channel network by driving fluid on at least a second path and a third path

through the valve in the second configuration; and (E) detecting light received

from the examination region as droplets move through the examination

region.

56. The method of paragraph 55, wherein the valve is a multi-port

valve including at least four ports, wherein individual pairs of the ports are in

fluid communication in the first configuration, wherein different individual pairs

of the ports are in fluid communication in the second configuration, and

wherein each path through the valve is formed by a pair of the ports that are

in fluid communication.

57. The method of paragraph 55, wherein the droplets the emulsion

follows a flow path from the tip to the examination region without being driven

in a reverse direction on the flow path.

58. The method of paragraph 55, wherein the first configuration and

second configuration collectively provide at least four different flow paths of

the channel network through the valve.

59. The method of paragraph 58, further comprising a step of driving

fluid on a fourth path through the valve after the step of driving fluid on a first

path and the step of moving.

60. The method of paragraph 59, wherein the step of driving fluid on

a fourth path dispenses fluid from the tip.

6 . The method of paragraph 60, further comprising a step of driving

fluid on a fifth path that dispenses fluid from the tip.



62. The method of paragraph 6 1, wherein the steps of driving fluid

on a fourth path and on a fifth path are driven by pressure from a same

pressure source.

63. The method of paragraph 59, wherein the channel network

includes a confluence region at which two or more fluid streams meet,

wherein the step of moving includes a step of driving droplets in a forward

direction through the confluence region, and wherein the step of driving fluid

on a fourth path includes a step of driving fluid in a reverse direction through

the confluence region.

64. A system for transporting droplets for detection, comprising: (A)

a tip; (B) a channel network including a valve including a plurality of ports and

having a first configuration and a second configuration, and a plurality of

channels connected to ports of the valve, at least one of the channels

extending along a flow path to an examination region for droplets; (C) at least

two pressure sources operatively connected to the channel network; and (D) a

detector operatively connected to the examination region, wherein in the first

configuration at least one of the pressure sources is configured to drive fluid

through a communicating pair of the ports such that droplets are loaded into

the channel network via the tip, and wherein in the second configuration at

least two of the pressure sources are configured to drive fluid through two

separate pairs of communicating ports such that an average distance

between loaded droplets is increased before such droplets travel through the

examination region.

65. The system of paragraph 64, wherein only pairs of ports are in

fluid communication within the valve in the first configuration and the second

configuration.

66. The system of paragraph 65, wherein the pairs of ports in fluid

communication within the valve in the first configuration are different from the

pairs of ports in fluid communication within the valve in the second

configuration.



67. The system of paragraph 66, wherein none of the pairs of ports

in fluid communication within the valve in the first configuration are in fluid

communication within the valve in the second configuration.

68. The system of paragraph 64, wherein the at least two pressure

sources include a first pressure source, a second pressure source, and a third

pressure source.

69. The system of paragraph 68, wherein the first and second

pressure sources are configured to drive fluid through at least four ports in the

second configuration, and wherein the third pressure source is configured to

drive fluid out of the tip from the channel network.

70. The system of paragraph 64, wherein the channel network

includes a waste channel that extends from the examination region to a waste

receptacle.

7 1. The system of paragraph 70, wherein the waste channel is

operatively connected to a valve configured to close a flow path from the

examination region to the waste receptacle.

72. The system of paragraph 7 1 , further comprising a wash station

configured to receive fluid from the channel network, and also comprising a

peristaltic pump configured to drive fluid from the wash station to the waste

receptacle.

73. The system of paragraph 64, further comprising a same fluid

source operatively connected to at least two of the pressure sources such that

each pressure source is capable of introducing fluid from the fluid source into

the channel network.

74. The system of paragraph 73, wherein the fluid source includes a

dilution fluid that is immiscible with water.

75. The system of paragraph 64, further comprising a fluid source

operatively connected to at least one of the pressure sources such that the at

least one pressure source is capable of introducing fluid from the fluid source

into the channel network, wherein the fluid from the fluid source is hydrophilic.

76. The system of paragraph 75, wherein the fluid from the fluid

source is miscible with water.



77. The system of paragraph 64, further comprising a controller

configured to process data related to droplets based on a signal received from

the detector.

The disclosure set forth above may encompass multiple distinct

inventions with independent utility. Although each of these inventions has

been disclosed in its preferred form(s), the specific embodiments thereof as

disclosed and illustrated herein are not to be considered in a limiting sense,

because numerous variations are possible. The subject matter of the

inventions includes all novel and nonobvious combinations and

subcombinations of the various elements, features, functions, and/or

properties disclosed herein. The following claims particularly point out certain

combinations and subcombinations regarded as novel and nonobvious.

Inventions embodied in other combinations and subcombinations of features,

functions, elements, and/or properties may be claimed in applications claiming

priority from this or a related application. Such claims, whether directed to a

different invention or to the same invention, and whether broader, narrower,

equal, or different in scope to the original claims, also are regarded as

included within the subject matter of the inventions of the present disclosure.



WE CLAIM:

. A method of transporting droplets for detection, comprising:

disposing a tip in contact with an emulsion including droplets, the tip

including an outer channel and an inner channel each disposed in fluid

communication with a channel network;

loading droplets from the emulsion into the channel network via the

inner channel; and

moving loaded droplets to an examination region of the channel

network.

2 . The method of claim 1, wherein the outer channel and the inner

channel are defined by an outer tube and an inner tube, respectively, and

wherein the step of disposing includes a step of creating contact between the

emulsion and the inner tube and not between the emulsion and the outer

tube.

3 . The method of claim 1, wherein the tip includes a nose defining

a region of the inner channel that projects below the outer channel when the

tip is disposed in contact with the emulsion.

4 . The method of claim 1, wherein the inner channel and the outer

channel are substantially coaxial with each other.

5 . The method of claim , further comprising a step of dispensing

fluid from the outer channel and into contact with at least a portion of the

emulsion.

6 . The method of claim 5, wherein the step of loading includes a

step of introducing, into the channel network via the inner channel, at least a

portion of the fluid dispensed from the outer channel.



7 . The method of claim 1, wherein the emulsion is held by a

container, and wherein the step of disposing includes a step of disposing at

least a lower region of the inner channel in the container.

8 . The method of claim 7, wherein the container is a well.

9 . The method of claim 8, wherein the well is included in a multi-

well plate.

10 . The method of claim 1, wherein the step of loading includes a

step of applying a negative pressure to the inner channel from the channel

network.

11. The method of claim 10, wherein the negative pressure is

created with a syringe pump.

12 . The method of claim 1, further comprising a step of cleaning the

tip after the step of loading by dispensing fluid from the inner channel and the

outer channel.

13 . The method of claim 12, wherein the step of cleaning is

performed at least in part during performance of the step of moving loaded

droplets.

14. The method of claim 12, wherein the step of loading is

performed with the tip disposed in a container, and wherein the step of

cleaning is performed after moving the tip from the container to a wash

station.

15 . The method of claim 1, wherein the step of disposing includes a

step of moving the emulsion while the tip is held stationary.



16 . The method of claim 1, further comprising a step of detecting

light received from the examination region as droplets travel through the

examination region.

17 . The method of claim 1, further comprising a step of collecting

data related to droplets that have been examined in the examination region.

18. A system for transporting droplets for detection, comprising:

a tip configured to contact an emulsion and including an outer channel

and an inner channel;

a channel network including an examination region;

one or more pressure sources capable of applying pressure

independently to the outer channel and the inner channel via the channel

network and configured to load droplets of the emulsion into the channel

network via the inner channel and to drive loaded droplets to the examination

region; and

a detector configured to detect light from fluid flowing through the

examination region.

19 . The system of claim 18, wherein the inner channel is configured

to project below the outer channel when droplets of the emulsion are loaded

into the channel network.

20. The system of claim 18, wherein the tip includes a nose defining

a region of the inner channel that projects below the outer channel when the

tip is disposed in contact with the emulsion.

2 1. The system of claim 18, wherein the outer channel and the inner

channel are defined by respective outer and inner tubes that are substantially

coaxial with each other.



22. The system of claim 18, wherein the outer channel and the inner

channel are configured to be operatively connected to respective different

pressure sources when the droplets of the emulsion are loaded into the

channel network.

23. The system of claim 22, wherein the pressure source operatively

connected to the outer channel when the droplets are loaded is configured to

dispense fluid from the outer channel and into contact with an inner tube

defining the inner channel.

24. The system of claim 18, wherein the pressure sources include a

first pressure source configured to apply a negative pressure to the inner

channel to draw droplets into the inner channel and also include a second

pressure source configured to apply a positive pressure to the outer channel

to dispense fluid from the outer channel .

25. The system of claim 18, wherein each of the pressure sources is

capable of applying positive pressure and negative pressure to the channel

network.

26. The system of claim 25, wherein at least one of the pressure

sources is a syringe pump.

27. The system of claim 18, wherein each of the pressure sources is

operatively connected to a source of fluid.

28. The system of claim 18, further comprising a controller

configured to determine a characteristic of droplets of the emulsion based on

a signal created by the detector that is representative of the light detected.



29. The system of claim 18, wherein one or more of the pressure

sources is configured to clean the tip by applying a positive pressure to the

inner channel and the outer channel such that each channel dispenses fluid.

30. The system of claim 29, further comprising a drive assembly

operatively connected to the tip and configured to move the tip to a wash

station after loading droplets and before dispensing fluid from the inner

channel and the outer channel.

3 1 . A method of transporting droplets for detection, comprising:

disposing a tip in contact with an emulsion including aqueous droplets

disposed in a continuous phase;

loading droplets from the emulsion into a channel network via by the

tip;

moving loaded droplets to an examination region of the channel

network;

driving through the tip a cleaning fluid that is substantially more

hydrophilic than the continuous phase; and

repeating the steps of disposing, loading, and moving with another

emulsion.

32. The method of claim 3 1, further comprising a step of detecting

light from the examination region as droplets flow through the examination

region.

33. The method of claim 3 1, wherein the continuous phase is an oil

phase comprising an oil .

34. The method of claim 33, wherein the continuous phase

comprises a surfactant.



35. The method of claim 33, wherein the oil includes a fluorinated

oil.

36. The method of claim 35, wherein the continuous phase

comprises a fluorinated surfactant.

37. The method of claim 3 1, further comprising a step of thermally

cycling the aqueous droplets.

38. The method of claim 3 1, further comprising a step of increasing

an average distance between droplets as such droplets are moved to the

examination region.

39. The method of claim 3 1 , wherein the step of increasing an

average distance includes a step of moving droplets through a confluence

region of the channel network.

40. The method of claim 3 1, wherein the step of driving moves the

cleaning fluid through a channel defined by the tip, further comprising a step

of flushing the channel defined by the tip with oil after the step of driving and

before the step of repeating.

4 1. The method of claim 3 1, wherein the cleaning fluid is miscible

with water.

42. The method of claim 3 1, wherein the cleaning fluid includes an

organic solvent with a molecular weight of less than 500.

43. The method of claim 3 1, where the cleaning fluid includes an

alcohol or a ketone.



44. The method of claim 43, wherein the cleaning fluid includes

ethanol.

45. The method of claim 44, wherein the cleaning fluid is at least

predominantly ethanol.

46. The method of claim 3 1, wherein the cleaning fluid includes

water.

47. The method of claim 3 1, wherein the step of driving includes a

step of dispensing the cleaning fluid from the tip.

48. The method of claim 3 1 , wherein the cleaning fluid is the same

as the continuous phase fluid.

49. The method of claim 48, wherein the cleaning fluid comprises a

fluorinated surfactant.

50. A system for transporting droplets for detection, comprising:

a tip;

a channel network including an examination region;

one or more pressure sources configured to load droplets of an

emulsion into the channel network via the tip and to drive loaded droplets to

the examination region;

a first fluid source and a second fluid source each operatively

connected to at least one of the pressure sources, the first fluid source

providing a cleaning fluid that is substantially more hydrophilic than a fluid

provided by the second fluid source; and

a detector operatively connected to the examination region.



5 1. The system of claim 50, further comprising a controller

configured to process droplet data based on a signal received from the

detector.

52. A method of transporting droplets for detection, comprising:

disposing a tip in contact with an emulsion including droplets;

loading droplets from the emulsion via the tip into a flow path that is

open between the loaded droplets and an examination region and closed

downstream of the examination region;

opening the flow path downstream of the examination region; and

driving droplets through the examination region.

53. The method of claim 52, wherein the step of loading is

performed with a first pressure source and disposes the droplets upstream of

a confluence region, and wherein the step of driving droplets includes a step

of driving the droplets to the confluence region with a second pressure

source.

54. A method of droplet transport for detection, comprising:

disposing a tip in contact with an emulsion including droplets;

loading droplets from the emulsion via the tip, with pressure from a first

pressure source, and into a holding channel that is upstream of a confluence

region and an examination region;

driving droplets to the confluence region with pressure from a second

pressure source; and

driving the droplets through the examination region with pressure from

both the first and second pressure sources.



55. A method of transporting droplets for detection, comprising:

disposing a tip in contact with an emulsion including droplets;

driving fluid on a first path through a valve in a first configuration, to

load droplets from the emulsion into a channel network via by the tip;

placing the valve in a second configuration;

moving droplets through an examination region of the channel network

by driving fluid on at least a second path and a third path through the valve in

the second configuration; and

detecting light received from the examination region as droplets move

through the examination region.

56. The method of claim 55, wherein the valve is a multi-port valve

including at least four ports, wherein individual pairs of the ports are in fluid

communication in the first configuration, wherein different individual pairs of

the ports are in fluid communication in the second configuration, and wherein

each path through the valve is formed by a pair of the ports that are in fluid

communication.

57. The method of claim 55, wherein the droplets the emulsion

follows a flow path from the tip to the examination region without being driven

in a reverse direction on the flow path.

58. The method of claim 55, wherein the first configuration and

second configuration collectively provide at least four different flow paths of

the channel network through the valve.

59. The method of claim 58, further comprising a step of driving fluid

on a fourth path through the valve after the step of driving fluid on a first path

and the step of moving.

60. The method of claim 59, wherein the step of driving fluid on a

fourth path dispenses fluid from the tip.



6 1. The method of claim 60, further comprising a step of driving fluid

on a fifth path that dispenses fluid from the tip.

62. The method of claim 6 1, wherein the steps of driving fluid on a

fourth path and on a fifth path are driven by pressure from a same pressure

source.

63. The method of claim 59, wherein the channel network includes a

confluence region at which two or more fluid streams meet, wherein the step

of moving includes a step of driving droplets in a forward direction through the

confluence region, and wherein the step of driving fluid on a fourth path

includes a step of driving fluid in a reverse direction through the confluence

region.

64. A system for transporting droplets for detection, comprising:

a tip;

a channel network including

a valve including a plurality of ports and having a first

configuration and a second configuration, and

a plurality of channels connected to ports of the valve, at least

one of the channels extending along a flow path to an examination

region for droplets;

at least two pressure sources operatively connected to the channel

network; and

a detector operatively connected to the examination region,

wherein in the first configuration at least one of the pressure sources is

configured to drive fluid through a communicating pair of the ports such that

droplets are loaded into the channel network via the tip, and wherein in the

second configuration at least two of the pressure sources are configured to

drive fluid through two separate pairs of communicating ports such that an

average distance between loaded droplets is increased before such droplets

travel through the examination region.



65. The system of claim 64, wherein only pairs of ports are in fluid

communication within the valve in the first configuration and the second

configuration.

66. The system of claim 65, wherein the pairs of ports in fluid

communication within the valve in the first configuration are different from the

pairs of ports in fluid communication within the valve in the second

configuration.

67. The system of claim 66, wherein none of the pairs of ports in

fluid communication within the valve in the first configuration are in fluid

communication within the valve in the second configuration.

68. The system of claim 64, wherein the at least two pressure

sources include a first pressure source, a second pressure source, and a third

pressure source.

69. The system of claim 68, wherein the first and second pressure

sources are configured to drive fluid through at least four ports in the second

configuration, and wherein the third pressure source is configured to drive

fluid out of the tip from the channel network.

70. The system of claim 64, wherein the channel network includes a

waste channel that extends from the examination region to a waste

receptacle.

7 1. The system of claim 70, wherein the waste channel is

operatively connected to a valve configured to close a flow path from the

examination region to the waste receptacle.



72. The system of claim 7 1, further comprising a wash station

configured to receive fluid from the channel network, and also comprising a

peristaltic pump configured to drive fluid from the wash station to the waste

receptacle.

73. The system of claim 64, further comprising a same fluid source

operatively connected to at least two of the pressure sources such that each

pressure source is capable of introducing fluid from the fluid source into the

channel network.

74. The system of claim 73, wherein the fluid source includes a

dilution fluid that is immiscible with water.

75. The system of claim 64, further comprising a fluid source

operatively connected to at least one of the pressure sources such that the at

least one pressure source is capable of introducing fluid from the fluid source

into the channel network, wherein the fluid from the fluid source is hydrophilic.

76. The system of claim 75, wherein the fluid from the fluid source is

miscible with water.

77. The system of claim 64, further comprising a controller

configured to process data related to droplets based on a signal received from

the detector.
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