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SYSTEMS AND METHODS FOR SAMPLE PREPARATION, PROCESSING AND
ANALYSIS

CROSS-REFERENCE

[0001] This application claims benefit of U.S. Provisional Patent Application Serial No.

62/067,404, filed October 22, 2014, U.S. Provisional Patent Application Serial No.

62/067,429, filed October 22, 2014, U.S. Provisional Patent Application Serial No.

62/069,752, filed October 28, 2014, and U.S. Provisional Patent Application Serial No.

62/161,156, filed May 13, 2015, each of which is entirely incorporated herein by reference.

BACKGROUND

[0002] Electrophoresis is the motion of dispersed particles relative to a fluid under the

influence of a spatially uniform electric field. It may be caused by the presence of a charged

interface between the particle surface and the surrounding fluid. Electrophoresis is the basis

for a number of analytical techniques used in biochemistry for separating molecules by size,

charge, or binding affinity.

[0003] Versions of systems including sample cartridges and fluidic systems for sample

extraction and analysis are described in, for example, U.S. patents 6,190,616; 6,551,839;

6,870,185; 7,244,961; 8,394,642 and 8,431,340; U.S. patent applications 2006/0073484;

2009/0253181; 201 1/0039303; 201 1/012691 1; 2012/0181460; 2013/0139895 and

2013/01 15607; and International Patent Applications PCT/US2013/130910 and

PCT/EP2012/001413.

[0004] U.S. patent publication 2003/0197139 refers to a valve for use in microfluidic

structures.

[0005] U.S. patent publication 2009/0314970 refers to a mechanically-actuated microfluidic

pinch valve.

[0006] U.S. patent publication 2013/0240140 refers to a process for producing a microfluidic

apparatus and related laminating devices.

[0007] International publication WO 2012/136333 refers to a heat weldable film for labeling

plastic polymeric reaction tubes.

[0008] U.S. patent 6,883,774 refers to a microvalve and method of forming a microvalve.

[0009] U.S. patent 7,318,912 refers to microfluidic systems and methods for combining

discreet fluid volumes.

[0010] U.S. patent 8,313,941 refers to integrated microfluidic control employing

programmable tactile actuators.



[0011] U.S. patent 8,501,305 refers to a laminate.

[0012] U.S. patent 5,085,757 refers to an integrated temperature contra1/alignment system for

use with a high performance capillary electrophoretic apparatus comprising a complementary

pair of capillary column mounting plates formed from an electrically insulative, high thermal

conductivity material for mounting a capillary column.

[0013] U.S. patent 6,660,148 refers to an electrophoretic method and an electrophoretic

instrument therefor.

[0014] U.S. patent 7,081,191 refers to a capillary electrophoresis device.

[0015] U.S. patent 7,419,578 refers to a capillary electrophoresis apparatus.

[0016] U.S. patent 7,531,076 refers to a capillary cassette and method for manufacturing

same.

[0017] U.S. patent 7,749,365 refers to optimized sample injection structures in microfluidic

separations.

[0018] U.S. patent 8,398,642 refers to a system comprising an electrophoresis assembly.

[0019] U.S. patent 8,512,538 refers to a capillary electrophoresis device in which capillaries

are thermally regulated on a thermally responsive electrical path attached to an electrically

insulating circuit board.

[0020] U.S. patent 8,748,165 refers to a system comprising an electrophoresis assembly.

[0021] U.S. patent publication 2004/0146452 refers to an electrophoresis method and

apparatus capable of maintaining high reliability upon a repeated use of the same gel.

[0022] U.S. patent publication 2004/0217004 refers to an electrode plate of a sample plate set

on the body of an electrophoretic apparatus, while a plug is inserted into a migration high

voltage line connection hole and connected to a high-tension distribution cable.

[0023] U.S. patent publication 2009/0183990 refers to a capillary electrophoresis apparatus a

capillary array unit having a capillary array including capillaries having a capillary head and

a detection unit, a frame for supporting the capillary array, and a load header for holding

cathode ends of the capillaries.

[0024] U.S. patent publication 2013/01 15607 refers to an integrated and automated sample-

to-answer system that, starting from a sample comprising biological material, generates a

genetic profile in less than two hours.

[0025] U.S. patent publication 2014/0065628 refers to methods and devices for separating

and detecting nucleic acid fragments labeled with a plurality of spectrally resolvable dyes

using a single light source or multiple light sources.



SUMMARY

[0026] The present disclosure provides systems that may be used in various applications,

such as sample preparation, processing and/or analysis. Also provided herein are integrated

electrophoresis cartridges that can releasably engage with such systems.

[0027] In one aspect of the present disclosure, an electrophoresis cartridge adapted to

releasably engage with a cartridge interface of a system is provided. The electrophoresis

cartridge comprises: an electrophoresis assembly including: (1) an anode sub-assembly

comprising an anode, (2) a cathode sub-assembly comprising a cathode; and (3) at least one

electrophoresis capillary having a first end and a second end, wherein the cathode and the

anode are configured to provide a voltage gradient across the first end and the second end of

the at least one electrophoresis capillary, wherein the electrophoresis cartridge is engageable

with the cartridge interface to permit automatically establishing at least one of: (i) an optical

communication between the system and a portion of the at least one electrophoresis capillary;

(ii) an electrical communication between the system and the anode and the cathode; (iii) a

fluidic communication between the system and the at least one electrophoresis capillary; (iv)

a thermal communication between the system and the electrophoresis cartridge or the at least

one electrophoresis capillary; (v) an electromagnetic communication between the system and

the electrophoresis cartridge; and (vi) a magnetic communication between the system and the

electrophoresis cartridge. In some embodiments, the electromagnetic communication is

wireless communication (e.g., radio frequency identification, WiFi communication or

Bluetooth communication) between the system and the electrophoresis cartridge, which may

be used, for example, to identify the cartridge or transmit information and/or instructions

from the system to the cartridge, or vice versa.

[0028] In some embodiments, the electrophoresis cartridge further comprises an

electrophoresis separation medium container for holding an electrophoresis separation

medium, wherein the electrophoresis separation medium container is in fluidic

communication with the anode.

[0029] In some embodiments, the electrophoresis separation medium container is contained

in a cartridge that is removably insertable into the electrophoresis cartridge.

[0030] In some embodiments, the electrophoresis cartridge is engageable with the cartridge

interface to place at least one sample inlet port of the electrophoresis cartridge in fluid

communication with a sample outlet port of the system.

[0031] In some embodiments, the electrophoresis cartridge further comprises a fluid handling

device configured to move the electrophoresis separation medium into the at least one



electrophoresis capillary. In some embodiments, the fluid handling device comprises a

pump.

[0032] In some embodiment, the electrophoresis cartridge further comprises a source of

capillary regeneration fluid in communication with the anode sub-assembly. In some

embodiments, the regeneration fluid is an inorganic fluid. In some embodiments, the

regeneration fluid is an organic fluid. In some embodiments, the regeneration fluid is an

alkaline fluid. In some embodiments, the regeneration fluid comprises alkali hydroxide.

[0033] In some embodiments, the electrophoresis cartridge further comprises a source of

electrophoresis medium in communication with the cathode sub-assembly. In some

embodiments, the electrophoresis cartridge further comprises a detection window that

exposes at least a portion of the at least one electrophoresis capillary, wherein the

electrophoresis cartridge is engageable with the cartridge interface to place an optical source

of the system in optical communication with the detection window.

[0034] In some embodiments, the electrophoresis cartridge further comprises an electrical

interface communicating with the anode and the cathode, wherein the engagement of the

electrophoresis cartridge places the electrical interface in electrical communication with a

power source for applying a voltage gradient between the anode and the cathode.

[0035] In some embodiments, the electrophoresis cartridge further comprises a first waste

container in fluidic communication with the cathode sub-assembly. In some embodiments,

the electrophoresis cartridge further comprises a second waste container in fluidic

communication with the anode sub-assembly. In some embodiments, the electrophoresis

cartridge further comprises a lysis buffer container in fluidic communication with a first

reagent port in the cathode sub-assembly that engages ports in the system. In some

embodiments, the electrophoresis cartridge further comprises a water container in fluidic

communication with a second reagent port in the cathode sub-assembly that engages ports in

the system.

[0036] In some embodiments, the engagement of the electrophoresis cartridge with the

cartridge interface automatically establishes a plurality of the communications. In some

embodiments, the engagement of the electrophoresis cartridge with the cartridge interface

automatically establishes (i). In some embodiments, the engagement of the electrophoresis

cartridge with the cartridge interface automatically establishes (ii). In some embodiments, the

engagement of the electrophoresis cartridge with the cartridge interface automatically

establishes (iii). In some embodiments, the engagement of the electrophoresis cartridge with

the cartridge interface automatically establishes (iv). In some embodiments, the engagement



of the electrophoresis cartridge with the cartridge interface automatically establishes (v). In

some embodiments, the engagement of the electrophoresis cartridge with the cartridge

interface automatically establishes (vi). In some embodiments, the engagement of the

electrophoresis cartridge with the cartridge interface automatically establishes any two, three,

four, five or all of (i)-(vi).

[0037] In another aspect of the present disclosure, an electrophoresis cartridge comprises: an

integrated electrophoresis assembly including: (1) an anode sub-assembly comprising an

anode, (2) a cathode sub-assembly comprising a cathode; and (3) at least one electrophoresis

capillary having a first end and a second end, wherein the cathode and the anode provide a

voltage gradient between the first end and the second end of the at least one capillary.

[0038] In some embodiments, the electrophoresis cartridge further comprises: (a) an

electrophoresis separation medium container for holding an electrophoresis separation

medium and communicating through a fluid line with the anode; and (b) a fluid handling

device that moves the electrophoresis separation medium to the at least one electrophoresis

capillary.

[0039] In some embodiments, the fluid handling device comprises a pump. In some

embodiments, the electrophoresis separation medium container is contained in a cartridge that

is removably insertable into the electrophoresis cartridge.

[0040] In some embodiments, the electrophoresis cartridge further comprises a source of

capillary regeneration fluid in fluidic communication with the anode assembly. In some

embodiments, the capillary regeneration fluid is an inorganic fluid. In some embodiments, the

capillary regeneration fluid is an organic fluid. In some embodiments, the capillary

regeneration fluid is an alkaline fluid. In some embodiments, the capillary regeneration fluid

comprises alkali hydroxide.

[0041] In some embodiments, the electrophoresis cartridge further comprises a source of

electrophoresis medium in fluidic communication with the cathode. In some embodiments,

the electrophoresis cartridge further comprises a first waste container in fluidic

communication with the cathode sub-assembly. In some embodiments, the electrophoresis

cartridge further comprises a second waste container in fluidic communication with the anode

sub-assembly.

[0042] In some embodiments, the cartridge has a footprint of at most about 1 inches x 12

inches and a weight between about 1 kg and about 7 kg.

[0043] In some embodiments, the electrophoresis cartridge further comprises at least one

mating member that enables the cartridge to releasably mate with a cartridge interface of an



electrophoresis system. In some embodiments, the at least one mating member enables the

cartridge to snap into a resting position in the cartridge interface.

[0044] In some embodiments, the electrophoresis cartridge further comprises a gel cartridge

interface that releasably engages with a gel cartridge for providing an electrophoresis gel to

the at least one electrophoresis capillary. In some embodiments, the integrated

electrophoresis assembly is single piece.

[0045] In another aspect of the present disclosure, a method comprises: (a) providing a

system comprising an electrophoresis cartridge interface that releasably engages with an

electrophoresis cartridge comprising (1) an anode sub-assembly comprising an anode; (2) a

cathode sub-assembly comprising a cathode; and (3) at least one electrophoresis capillary that

is in fluid communication with the anode and the cathode; (b) receiving the electrophoresis

cartridge at the electrophoresis cartridge interface; and (c) automatically establishing at least

one of (i) an optical communication between an optical detection assembly of the system and

a portion of the at least one electrophoresis capillary, (ii) an electrical communication

between the system and the anode and the cathode, (iii) a fluidic communication between the

system and the at least one electrophoresis capillary, (iv) a thermal communication between

the system and the electrophoresis cartridge or the at least one electrophoresis capillary; (v)

an electromagnetic communication between the system and the electrophoresis cartridge; and

(vi) a magnetic communication between the system and the electrophoresis cartridge.

[0046] In some embodiments, the method further comprises providing a voltage gradient

between a first end of the at least one electrophoresis capillary having the anode and a second

end of the at least one electrophoresis capillary having the cathode.

[0047] In some embodiments, the system further comprises a voltage control assembly, an

optics module, at least one thermal control assembly, at least one sample outlet, and at least

one fluid control assembly.

[0048] In some embodiments, the automatically establishing comprises automatically

establishing at least one of (i) an electrical communication between the voltage control

assembly and the anode and the cathode, (ii) a sensing communication between the optics

module and the at least the portion of the at least one electrophoresis capillary, (iii) a thermal

communication between the at least one thermal control assembly and the at least one

electrophoresis capillary, and (iv) a fluidic communication between the at least one fluid

control assembly and the at least one electrophoresis capillary.

[0049] In some embodiments, the method further comprises, with the aid of the at least one

fluid control assembly, directing flow of a sample from the at least one sample outlet through



the at least one electrophoresis capillary. In some embodiments, the optics module comprises

a light source and an optical detection assembly. In some embodiments, the light source is

laser.

[0050] In some embodiments, the method further comprises detecting with the optical

detection assembly a signal from the at least the portion of the at least one electrophoresis

capillary upon the flow of the sample through the at least one electrophoresis capillary. In

some embodiments, the method further comprises providing an electrophoresis separation

medium container for holding an electrophoresis separation medium and communicating

through a fluid line with the anode. In some embodiments, the electrophoresis separation

medium container is contained in a cartridge that is removably insertable into the

electrophoresis cartridge.

[0051] In some embodiments, the method further comprises providing a control module that

tests a robustness of the at least one communication established in (c). In some embodiments,

the method further comprises removing the electrophoresis cartridge from the electrophoresis

cartridge interface.

[0052] In some embodiments, the automatically establishing comprises automatically

establishing at least two of (i)-(vi). In some embodiments, the automatically establishing

comprises automatically establishing at least three of (i)-(vi). In some embodiments, the

automatically establishing comprises automatically establishing at least four of (i)-(vi). In

some embodiments, the automatically establishing comprises automatically establishing at

least five of (i)-(vi). In some embodiments, the automatically establishing comprises

automatically establishing all of (i)-(vi). In some embodiments, the automatically establishing

is in response to user instructions provided to a control module of the system.

[0053] In some embodiments, the method further comprises, with the aid of the at least one

fluid control assembly, directing flow of at least one reagent through a fluid line from the

electrophoresis cartridge to the system. In some embodiments, the at least one reagent

comprises a lysis buffer. In some embodiments, the at least one reagent comprises water.

[0054] In some embodiments, the method further comprises performing sample separation in

the system followed by sample analysis.

[0055] In another aspect of the present disclosure, a system comprises: (a) a sample cartridge

interface that engages with a sample cartridge; (b) a sample preparation module that (1)

performs sample analysis on a sample from the sample cartridge to produce an analyte and

(2) directs the analyte to a sample outlet port, which analysis is performed when the sample

cartridge is engaged with the sample cartridge interface; and (c) an electrophoresis cartridge



interface that is releasably engageable with an electrophoresis cartridge including an

integrated electrophoresis assembly having (1) an anode sub-assembly comprising an anode,

(2) a cathode sub-assembly comprising a cathode, and (3) at least one electrophoresis

capillary having a first end and a second end, wherein the cathode and the anode provide a

voltage gradient between the first end and the second end of the at least one capillary,

wherein the electrophoresis cartridge interface is engageable with the electrophoresis

cartridge to automatically establish at least one of: (i) an optical communication between the

system and a portion of the at least one electrophoresis capillary, (ii) an electrical

communication between the electrophoresis system and the anode and the cathode, (iii) a

fluidic communication between the electrophoresis system and the at least one

electrophoresis capillary, (iv) a thermal communication between the electrophoresis system

and the at electrophoresis cartridge or the at least one electrophoresis capillary, (v) an

electromagnetic communication between the system and the electrophoresis cartridge, and

(vi) a magnetic communication between the system and the electrophoresis cartridge.

[0056] In some embodiments, the system further comprise a fluid handling system that

moves the analyte from the sample outlet port to the at least one electrophoresis capillary

when the electrophoresis cartridge is engaged with the electrophoresis cartridge interface. In

some embodiments, the system further comprises a control module that is programmed to test

a robustness of the at least one of the automatic communications.

[0057] In some embodiments, the automatically establishing is in response to user

instructions provided to a control module of the system.

[0058] In some embodiments, the electrophoresis cartridge interface is engageable with the

electrophoresis cartridge to automatically establish at least two of (i)-(vi). In some

embodiments, the electrophoresis cartridge interface is engageable with the electrophoresis

cartridge to automatically establish at least three of (i)-(vi). In some embodiments, the

electrophoresis cartridge interface is engageable with the electrophoresis cartridge to

automatically establish at least four of (i)-(vi). In some embodiments, the electrophoresis

cartridge interface is engageable with the electrophoresis cartridge to automatically establish

at least five of (i)-(vi). In some embodiments, the electrophoresis cartridge interface is

engageable with the electrophoresis cartridge to automatically establish all of (i)-(vi).

[0059] In some embodiments, the electrophoresis cartridge interface is engageable with the

electrophoresis cartridge to automatically establish a fluidic communication between at least

one sample outlet of the system and the at least one electrophoresis capillary.



[0060] In some embodiments, the system further comprises a signaling mechanism that

signals a user to replace the electrophoresis cartridge. In some embodiments, the system

further comprises an electronic display with a user interface, wherein the user interface

provides the signaling mechanism.

[0061] Another aspect of the present disclosure provides a cartridge comprising: (a) a body

comprising a malleable material; and (b) a layer comprising a deformable material bonded to

a surface of the body and sealing one or more fluidic channels that communicate with one or

more valve bodies formed in a surface of the body; wherein: (i) the one or more valve bodies

comprise: (A) a segment of the channel comprising a wall having a pair of ridges and a floor

depressed into the surface; and (B) reliefs depressed into the surface and defining depressions

that flank the ridges on two sides of the segment of the channel; and (iii) the layer is bonded

to the surface of the body and to the ridges such that the one or more channels, channel

segments and reliefs are sealed; and wherein a valve body sealed with the layer forms a valve

closable by forcing the layer against the floor of the segment of the channel. In one

embodiment the cartridge of comprises elements of a fluidic circuit including a fluid inlet, a

fluid outlet and at least one compartment, which elements are fluidically connected through

fluidic channels, wherein at least one fluidic channel comprises a valve body. In another

embodiment the cartridge comprises at least one compartment selected from a reagent

compartment, a sample compartment, a mixing compartment, a reaction compartment and a

waste compartment. In another embodiment a fluid inlet or a fluid outlet comprises a via

through the body. In another embodiment the cartridge comprises at least one sample

compartment configured to accept a cotton tipped swab. In another embodiment the cartridge

comprises at least one mixing chamber configured for bubbling of air through the mixing

chamber. In another embodiment the cartridge comprises a reaction chamber comprising a

solid substrate, e.g., solid phase extraction material, for retaining analyte from a sample. In

another embodiment the cartridge comprises a pump configured as a depression in the

surface. In another embodiment the solid substrate comprises a material that binds nucleic

acid. In another embodiment the solid substrate comprises Whatman paper, a carboxylated

particle, a sponge-like material, a polymer membrane, magnetically attractable particles, or

glass particles. In another embodiment the solid substrate binds a predetermined amount of

material. In another embodiment the cartridge comprises a reaction chamber comprising one

or more thermally conductive wallsand configured for thermal cycling. In another

embodiment the cartridge comprises at least one waste compartment. In another embodiment

the cartridge comprises a waste chamber, wherein the waste chamber comprises a material



that degrades nucleic acid. In another embodiment the material that degrades nucleic acid

comprises a hypochlorite salt. In another embodiment the cartridge further comprises guide

vias through the body. In another embodiment the body further comprises a barrel

comprising a plunger and in fluid communication with at least one of the fluidic channels. In

another embodiment the body further comprises at least one reagent compartment comprising

a reagent, wherein the compartment comprises an openable seal that, when opened, puts the

compartment in fluidic communication through a via with a fluidic channel on the surface. In

another embodiment the body further comprises one or more reagent compartments

comprising reagents including nucleic acid primers, nucleotides and DNA polymerases

sufficient to perform PCR. In another embodiment the reagents are sufficient for performing

multiplex PCR on STR loci. In another embodiment the body further comprises a pump

configured as a depression in the surface. In another embodiment the deformable material

has a durometer value of between 10 Shore D to 80 Shore D. In another embodiment the

deformable material comprises a heat seal material. In another embodiment the deformable

material comprises a material selected from polypropylene, polyethylene, polystyrene,

cycloolefin co-polymer (COC), mylar, polyacetate) and a metal. In another embodiment a

portion of the layer of deformable material covering a valve seat does not comprise an

elastomeric material, e.g., is not PDMS. In another embodiment the layer of deformable

material has a higher yield strength than the malleable material. In another embodiment the

deformable material is attached to the body through an adhesive. In another embodiment the

deformable material is welded to the body. In another embodiment the cartridge comprises

(i) a surface, (ii) one or more channels formed in the surface and elements of a fluidic circuit

including a fluid inlet, a fluid outlet and at least three chambers, which elements are

fluidically connected through fluidic channels, wherein each fluidic channel connecting two

of the chambers comprises a valve body. In another embodiment one of the chambers is

configured as a lysis chamber configured to accept a biological sample, one of the chambers

is configured as a mixing chamber configured to bubble air when liquid is contained in the

mixing chamber, and one of the chambers is configured as a reaction chamber comprising

one or more thermally conductive walls and configured for thermal cycling. In another

embodiment the cartridge further comprises, at least one reagent compartment comprising

reagents for performing PCR (e.g., PCR primers, nucleotides and a DNA polymerase),

wherein the at least one reagent chamber comprises an openable seal that, when opened, puts

the reagent chamber in fluidic communication with the reaction chamber. In another

embodiment at least one reagent chamber comprises PCR primers selected to amplify a



plurality of STR loci. In another embodiment one of the chambers is configured as a lysis

chamber configured to accept a biological sample, one of the chambers is configured as an

isolation chamber configured to receive magnetically responsive capture particles and to

immobilize said particles when a magnetic force is applied to the isolation chamber, and one

of the chambers is configured as a reaction chamber comprising one or more thermally

conductive wallsand configured for thermal cycling. In another embodiment the cartridge

further comprises, at least two sets of reagent compartments, wherein a first set of reagent

compartments comprises reagents for performing PCR, and wherein a second set of reagent

compartments comprises reagents for performing cycle sequencing, wherein each reagent

compartment comprises openable seal that, when opened, puts the reagent compartment in

fluidic communication with the reaction chamber. In another embodiment the cartridge

further comprises a reagent compartment comprising reagents to degrade PCR primers and

nucleotide triphosphates. In another embodiment the cartridge further comprises at least two

sets of reagent compartments, wherein both the first set of reagent compartments and the

second set of reagent compartments comprise reagents for performing PCR, and wherein

each reagent compartment comprises openable seal that, when opened, puts the reagent

compartment in fluidic communication with the reaction chamber. In another embodiment

the PCR reagents in one of the sets of reagent compartments comprises reagents for

performing adapted for performing quantification of human DNA. In another embodiment the

cartridge comprises a branched fluidic circuit comprising chambers connected by fluidic

channels and comprising a common portion and a plurality of branches, wherein the common

portion comprises a fluid inlet and a lysis chamber, and wherein each branch comprises at

least one reaction chamber comprising one or more thermally conductive wallsand

configured for thermal cycling, at least one isolation chamber and a fluid outlet, wherein at

least the fluidic channels connecting a reaction chamber with an isolation chamber comprises

a valve body. In another embodiment the common portion comprises a common isolation

chamber. In another embodiment each branch further comprises at least one reagent chamber

reagent compartment comprising an openable seal that, when opened, puts the reagent

compartment in fluidic communication with the reaction chamber in the branch. In another

embodiment the cartridge comprises two branches, wherein a first branch comprises reagents

to perform a forward cycle sequencing reaction on a target polynucleotide and a second

branch comprises reagents to perform a reverse cycle sequencing reaction on a target

polynucleotide.



[0062] Another aspect of the present disclosure provides an article comprising: (a) a body

comprising a malleable material and comprising: (i) a surface, (ii) one or more channels

formed in the surface and fluidically communicating with one or more valve bodies, (iii) one

or more valve bodies formed in the surface comprising: (A) a segment of the channel

comprising a wall having a pair of ridges raised above the surface and a floor depressed into

the surface; and (B) reliefs depressed into the surface and defining depressions that flank the

ridges on two sides of the segment of the channel. In one embodiment the malleable material

comprises a plastic, a wax or a soft metal. In another embodiment the malleable material

comprises a thermoplastic, a thermoset, a single component resin or a multi-component resin.

In another embodiment the malleable material comprises polypropylene, polystyrene,

polyethylene, polyethylene terephthalate, polyester, polyamide, vinyl, poly(vinylchloride)

(PVC), polycarbonate, polyurethane, polyvinyldiene chloride, cyclic olefin copolymer

(COC), or any combination thereof. In another embodiment the body is injection molded or

3D printed. In another embodiment the surface is substantially defined in a plane. In another

embodiment one or more of the channels has at least one aspect no greater than any of 1 mm,

2 mm, 3 mm, 4 mm or 5 mm. In another embodiment one or more of the channels comprises

a wall having a pair of ridges raised above the surface and a floor depressed into the surface.

In another embodiment the ridges have a height above the surface between about 50 µ and

about 300 µ. In another embodiment the floor of the channel segment has a depth below the

surface between about 50 µ and about 300 µ. In another embodiment the valve body has a

substantially oblong shape. In another embodiment the channel segment comprises a force

concentration zone. In another embodiment the channel segment comprises a textured floor

(e.g., corrugated or dimpled). In another embodiment the reliefs have a depth below the

surface of between 100 µ and 300 µ. In another embodiment the valve body has an area of

no more than any of 100 mm2, 50 mm2, 25 mm2, 20 mm2, 15 mm2 or 10 mm2 .

[0063] Another aspect of the present disclosure provides a method of making an article

comprising: (a) providing a body comprising a malleable material and comprising: (i) a

surface, (ii) one or more channels formed in the surface and fluidically communicating with

one or more valve bodies, (iii) one or more valve bodies formed in the surface comprising:

(A) a segment of the channel comprising a wall having a pair of ridges raised above the

surface and a floor depressed into the surface; and (B) reliefs depressed into the surface and

defining depressions that flank the ridges on two sides of the segment of the channel; (b)

providing a layer comprising a deformable material; and (c) bonding the layer to the surface

and the ridges, wherein bonding seals the one or more channels, channel segments and



reliefs. In one embodiment the body comprises a thermoplastic. In another embodiment the

layer of deformable material comprises a heat seal. In another embodiment wherein bonding

comprises applying heat and pressure to the heat seal against the body surface sufficient to

weld a heat seal against the ridges and areas of the surface flanking the one or more channels

and the reliefs. In another embodiment the pressure is applied with a heated die.

[0064] Another aspect of the present disclosure provides a method of making an article

comprising: (a) providing a body comprising a malleable material and comprising: (i) a

surface, (ii) one or more channels formed in the surface and fluidically communicating with

one or more valve bodies, (iii) one or more valve bodies formed in the surface comprising:

(A) a segment of the channel comprising a wall having a pair of ridges and a floor depressed

into the surface; and (B) reliefs depressed into the surface and defining depressions that flank

the ridges on two sides of the segment of the channel; (b) providing a layer comprising a

deformable material; and (c) bonding the layer to the surface and the ridges, wherein bonding

seals the one or more channels, channel segments and reliefs. In one embodiment bonding

comprises thermal bonding (e.g., heat sealing, welding, laser welding), chemical bonding

(e.g., chemical bonding of oxide to PDMS, vapor bonding) or application of selectively

placed adhesives.

[0065] Another aspect of the present disclosure provides an instrument comprising a

cartridge interface and a cartridge engaged with the cartridge interface, wherein: (I) the

cartridge is a cartridge of this disclosure; (II) a cartridge interface comprising a plurality of

rams, each ram positioned to actuate a valve and comprising a head having a widest

dimension that is wider than a channel segment and less wide than the relief width, so that,

when actuated toward the valve, the ram head presses the deformable material against the

ridges and the floor, thereby closing the valve, but clearing the reliefs. In one embodiment

the cartridge interface has a substantially planar face configured to mate with a substantially

planar surface of the fluidic cartridge. In another embodiment the rams are retractable toward

the interface and are spring biased toward the cartridge. In another embodiment the ram head

has a length:width ratio of at least any of 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1. In

another embodiment the ram head has an edge in its longest aspect that is substantially

straight and either substantially flat or curved no more than a depth of a valve relief. In

another embodiment at least one ram is comprised in a cam mechanism, wherein rotation of

the cam actuates the ram toward or away from the valve. In another embodiment the

cartridge interface further comprises a cover plate configured to receive the cartridge and

comprising at least one plunger positioned to actuate at least one valve in cartridge. In



another embodiment the cartridge interface further comprises a cover plate comprising a fluid

inlet line that engages an inlet port on the cartridge and/or a fluid outlet line that engages an

exit port on the cartridge. In another embodiment the sample cartridge is configured to

receive one or more samples and to perform nucleic acid extraction and isolation, and DNA

amplification when the cartridge is engaged with a cartridge interface. In another

embodiment the instrument further comprises a sample analysis module in fluidic

communication with a port in the cartridge interface that communicates with a reaction

chamber of the engaged cartridge. In another embodiment the sample analysis module

comprises an electrophoresis assembly comprising a capillary comprising a medium adapted

for capillary electrophoresis and a cathode and anode configured to place a voltage across the

capillary. In another embodiment the sample analysis module further comprises a detection

assembly for detecting molecules in the capillary. In another embodiment the detection

assembly comprises a laser and a detector for detecting laser light. In another embodiment

the sample analysis module comprises a chromatograph, a DNA sequencer, an electrometer,

an electrophoresis instrument, an ellipsometer, an interferometer, a mass spectrometer, an

NMR spectrometer, a spectrometer a thermometer, a voltmeter. In another embodiment the

instrument further comprises a source of magnetic force configured to exert a magnetic force

against a chamber in the cartridge In another embodiment the instrument comprises an

actuator, e.g., a plunger, configured to move one or more reagents from sealed compartments

on the cartridge into fluidic channels of the cartridge.

[0066] Another aspect of the present disclosure provides a method of controlling fluid flow

in a fluid channel of fluidic cartridge comprising: (A) providing an instrument of this

disclosure wherein at least one of the fluidic channels comprises a liquid; (B) closing a valve

by actuating a ram head against the valve to force the deformable layer against the channel

segment floor; (C) releasing the valve by retracting the ram head from the layer; and (D)

moving the liquid through the valve by applying pressure to liquid in a fluidic channel,

wherein fluid under pressure opens the valve. In one embodiment the method further

comprises, after step (D): (E) re-closing the valve by actuating a ram head against the valve

to force the deformable layer against the channel segment floor. In another embodiment the

pressure is sourced through a pump internal to the cartridge or a pump external to the

cartridge (e.g., a syringe) and delivered, optionally, through an inlet in the cartridge

connected to a fluidic channel in the cartridge. In one embodiment a nearly incompressible

fluid is moved through any fluidic channel in one direction only. In another embodiment no

valve is closed and then opened before a liquid passes through the valve.



[0067] Another aspect of the present disclosure provides a method of moving fluid in a fluid

channel of fluidic cartridge comprising: (I) providing a fluidic cartridge comprising: (a) a

body comprising a malleable material; and (b) a pump comprising a pump body defining a

pump chamber and formed at least in part from a portion of the malleable material, wherein

the pump chamber contains a liquid or a gas; (c) a fluidic channel internal to the cartridge and

fluidically connected to the pump chamber, wherein the fluidic channel contains a liquid; and

(II) deforming the pump body, e.g., with a piston, so that liquid or gas in the pump chamber

exerts pressure on the fluid in the fluidic channel, whereby fluid in the fluidic channel moves

through the fluidic channel.

[0068] Another aspect of the present disclosure provides a method performed using a

cartridge of this disclosure comprising: a) moving an extraction medium through at least one

open valve in the cartridge to an extraction chamber in the cartridge comprising a biological

sample and lysing cells in the biological sample to create an extract; b) moving the extract

through at least one open valve in the cartridge to a reaction chamber in the cartridge; c)

moving reagents for performing a biochemical reaction into the reaction chamber to create a

mixture; d) performing a biochemical reaction on the mixture to create a reaction product;

and e) performing analysis on the reaction product. In one embodiment the extraction

medium comprises lysis buffer and the extract comprises a lysate. In another embodiment

the analysis is capillary electrophoresis. In another embodiment performing capillary

electrophoresis comprises moving the reaction product out of the cartridge and injecting it

into an electrophoresis capillary. In another embodiment the one or more target sequences

are STR sequences. In another embodiment the reagents comprise reagents for performing

cycle sequencing, the biochemical reaction is cycle sequencing of a target sequence and the

reaction product is a set of dideoxy-terminated polynucleotides. In another embodiment

biochemical analysis comprises sequencing the set by performing capillary electrophoresis.

In another embodiment the reagents comprise reagents for performing PCR and the

biochemical reaction is PCR amplification of one or more target sequences. In another

embodiment the method further comprises, before cycle sequencing, moving reagents for

performing PCR into the reaction chamber and performing PCR on a target sequence and,

optionally, purifying PCR product before performing cycle sequencing. In another

embodiment the method comprises, moving a liquid from a first chamber in the cartridge

through a fluidic channel comprising at least one open valve to a second chamber in the

cartridge and, after the liquid has moved past the open valve, closing the valve. In another

embodiment the method comprises, moving liquid from an inlet in the cartridge through a



fluidic circuit in cartridge and out an outlet in the cartridge, wherein the fluidic circuit

comprises a plurality of valves and wherein a biochemical reaction is performed on the liquid

in the cartridge; and wherein no valve is closed and then opened before the liquid passes

through the valve.

[0069] Another aspect of the present disclosure provides a method performed using a system

described above and elsewhere herein, comprising: a) moving an extraction medium to an

extraction chamber in a cartridge comprising a biological sample and lysing cells in the

biological sample to create an extract; b)moving the extract to a reaction chamber in the

cartridge; c) moving reagents for performing a biochemical reaction into the reaction

chamber to create a mixture; d) performing a biochemical reaction on the mixture to create a

reaction product; and e) performing a biochemical analysis on the reaction product.

[0070] In some embodiments, the biochemical analysis is capillary electrophoresis. In some

embodiments, performing capillary electrophoresis comprises moving the reaction product

out of the cartridge and injecting it into an electrophoresis capillary. In some embodiments,

the reagents comprise reagents for performing PCR and the biochemical reaction is PCR

amplification of one or more target sequences. In some embodiments, the one or more target

sequences are STR sequences. In some embodiments, the reagents comprise reagents for

performing cycle sequencing, the biochemical reaction is cycle sequencing of a target

sequence and the reaction product is a set of dideoxy-terminated polynucleotides. In some

embodiments, the biochemical analysis comprises sequencing the set by performing capillary

electrophoresis. In some embodiments, the method further comprises, before the cycle

sequencing, moving reagents for performing PCR into the reaction chamber and performing

PCR on a target sequence and, optionally, purifying PCR product before performing cycle

sequencing. In some embodiments, the method further comprises moving a liquid from a first

chamber in the cartridge through a fluidic channel comprising at least one open valve to a

second chamber in the cartridge and, after the liquid has moved past the open valve, closing

the valve. In some embodiments, the method further comprises moving liquid from an inlet in

the cartridge through a fluidic circuit in cartridge and out an outlet in the cartridge, wherein

the fluidic circuit comprises a plurality of valves and wherein the biochemical reaction is

performed on the liquid in the cartridge; and wherein no valve is closed and then opened

before the liquid passes through the valve. In some embodiments, the method further

comprises: before step (b): dividing the extract into a plurality of aliquots, each aliquot

moved into a different reaction chamber; after step (d): removing unused reagents from each

reaction product; moving each reaction product into a second reaction chamber ; and



performing a second biochemical reaction on the reaction products. In some embodiments,

the biochemical reaction of step (d) comprises nucleic acid amplification and the second

biochemical reaction comprises cycle sequencing to produce a set of dideoxy-terminated

polynucleotides. In some embodiments, the biochemical analysis comprises sequencing the

set by capillary electrophoresis.

[0071] Additional aspects and advantages of the present disclosure will become readily

apparent to those skilled in this art from the following detailed description, wherein only

illustrative embodiments of the present disclosure are shown and described. As will be

realized, the present disclosure is capable of other and different embodiments, and its several

details are capable of modifications in various obvious respects, all without departing from

the disclosure. Accordingly, the drawings and description are to be regarded as illustrative in

nature, and not as restrictive.

INCORPORATION BY REFERENCE

[0072] All publications, patents, and patent applications mentioned in this specification are

herein incorporated by reference to the same extent as if each individual publication, patent,

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

reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0073] The novel features of the invention are set forth with particularity in the appended

claims. A better understanding of the features and advantages of the present invention will be

obtained by reference to the following detailed description that sets forth illustrative

embodiments, in which the principles of the invention are utilized, and the accompanying

drawings (also "figure" and "FIG." herein), of which:

[0074] FIG. 1A shows an example of a system comprising an electrophoresis cartridge for

sample processing and analyzing;

[0075] FIGS. IB and 1C are isometric views of the system of FIG. 1A;

[0076] FIG. 2 shows a schematic of an example electrophoresis cartridge-comprising

system;

[0077] FIG. 3 schematically illustrates an example system engaging an electrophoresis

cartridge;

[0078] FIG. 4A and 4B are isometric view of an example electrophoresis cartridge;

[0079] FIG. 5 shows a schematic of an example electrophoresis cartridge;

[0080] FIG. 6A shows an example cathode sub-assembly;



[0081] FIG. 6B shows an example anode sub-assembly;

[0082] FIG. 7 shows an example sample cartridge;

[0083] FIG. 8 shows a computer system that is programmed or otherwise configured to

facilitate sample preparation, processing and/or analysis;

[0084] FIG. 9 shows a face of an exemplary sample cartridge body of the disclosure with

elements of a fluidic circuit;

[0085] FIG. 10 shows an exemplary sample cartridge configuration of this disclosure;

[0086] FIG. 11A shows a circuit face of an exemplary sample cartridge of this disclosure;

[0087] FIG. 11B shows an external view of an exemplary sample cartridge configuration of

this disclosure;

[0088] FIG. 12 shows an exemplary sample cartridge configuration having a circuit with

three branches;

[0089] FIG. 13 shows an exemplary sample cartridge configured to perform real time PCR

for quantifying the amount of DNA in a sample;

[0090] FIGs. 14A-14E show a method of processing a sample for analysis;

[0091] FIG. 15 shows a sequence of steps in sample preparation. "O" indicates a ram does

not press against a valve. "C" indicates a ram presses against and closes a valve; and

[0092] FIG. 16 shows an exemplary sample cartridge configuration of this disclosure.

DETAILED DESCRIPTION

[0093] While various embodiments of the invention have been shown and described herein, it

will be obvious to those skilled in the art that such embodiments are provided by way of

example only. Numerous variations, changes, and substitutions may occur to those skilled in

the art without departing from the invention. It should be understood that various alternatives

to the embodiments of the invention described herein may be employed.

[0094] As used herein, the singular form "a", "an", and "the" include plural references unless

the context clearly dictates otherwise.

[0095] Whenever the term "at least" or "greater than" precedes the first numerical value in a

series of two or more numerical values, the term "at least" or "greater than" applies to each

one of the numerical values in that series of numerical values.

[0096] Whenever the term "no more than" or "less than" precedes the first numerical value in

a series of two or more numerical values, the term "no more than" or "less than" applies to

each one of the numerical values in that series of numerical values.



[0097] The term "sample", as used herein, refers to a sample containing biological material.

A sample may be, e.g., a fluid sample (e.g., a blood sample) or a tissue sample (e.g., a cheek

swab). A sample may be a portion of a larger sample. A sample can be a biological sample

having a nucleic acid, such as deoxyribonucleic acid (DNA) or ribonucleic acid (RNA), or a

protein. A sample can be a forensic sample or an environmental sample. A sample can be pre-

processed before it is introduced to the system; the preprocessing can include extraction from

a material that would not fit into the system, quantification of the amount of cells, DNA or

other biopolymers or molecules, concentration of a sample, separation of cell types such as

sperm from epithelial cells, concentration of DNA using an Aurora system (Boreal

Genomics) or bead processing or other concentration methods or other manipulations of the

sample. A sample can be carried in a carrier, such as a swab, a wipe, a sponge, a scraper, a

piece punched out a material, a material on which a target analyte is splattered, a food

sample, a liquid in which an analyte is dissolved, such as water, soda. A sample can be a

direct biological sample such as a liquid such as blood, semen, saliva; or a solid such a solid

tissue sample, flesh or bone.

[0098] The system provided in the present disclosure can also be applied to process and

analyze a sample that has been previously preprocessed, for example, by extraction of DNA

from large object such as a bed sheet or chair and other processing which may include

quantification of DNA concentration, cell concentration, or other manipulations before input

of the pre-processed sample into the sample cartridge of the system.

I. Systems

[0099] Recognized herein is the need for highly integrated and automated systems and

methods for sample preparation, processing and analysis. Systems provided herein may be

capable of preparing, processing and analyzing a single sample or a plurality of samples.

Several operations can be performed by the system provided herein, for example, (a)

receiving one or more samples; (b) isolating and extracting target material from the received

sample; (c) purifying and amplifying the whole target material or selective portion of the

target material to produce an analyte ready to be examined; and (d) separating, detecting and

analyzing the prepared analyte. These operations can be conducted and performed in a system

that comprises several integrated sub-systems, for example, at least about 1, 2, 3, 4, 5, 6, 7, 8,

9, 10, 20, 30, 40, or 50 sub-systems. In some cases, a system may comprise a user interface, a

sample cartridge interface, and an electrophoresis interface. The sample cartridge interface

and the electrophoresis interface are configured to releasably engage with a sample cartridge

for sample processing, and an electrophoresis cartridge for sample analysis respectively.



Systems provided herein can be fully automated, enabling a user to receive, process and

analyze a sample without substantial labor and input. Sample preparation, processing and

analysis can be accomplished in provided systems without the necessity of manually

removing and transferring the sample, reagents and analytes among different parts in the

system. Since the incorporated sub-units (e.g., sample cartridge and electrophoresis cartridge)

are highly integrated and bear small sizes, systems provided herein can be dimensioned to

minimize footprint, enabling the portability and usefulness in a wide context of applications.

For example, the systems may be used in on-the-go situations, such as remote locations, or

they may be used in situations in which transportation is not readily available or user mobility

is desired, such as battlefields scenarios and crime scenes.

[00100] FIG. 1A shows a system for sample processing and analysis. System 1900 can

include several functional elements. System 1900 can include a sample preparation sub

system, a sample analysis sub-system and a control sub-system.

[00101] A sample preparation sub-system of the system 1900 can include a sample cartridge

interface 103 configured to engage a sample cartridge 102, sources of reagents for performing

a biochemical protocol, a fluidics assembly configured to move reagents within the sample

preparation sub-system. A fluidics assembly can include a pump, such as a syringe pump.

The pump is fluidically connectable through valves to the outlets for reagents such as water

and lysis buffer and to a source of air. The pump can be configured to deliver lysis buffer

and water through fluidic lines 1910 and 1911, respectively, to inlet port 1912 in the sample

cartridge. Air or liquid pressure applied by the pump to inlet port 1912 can pump analyte out

outlet port 1913 and through line 1912 into the analyte inlet in the electrophoresis cartridge.

[00102] An example sample cartridge is shown in FIG. 7 . Cartridge body 1801 includes the

following valve bodies: 1841 Cycler Out (AO), 1842 Lysis (Al), 1843 Waste Shut Off (A3),

1844 Waste In (A4), 1845 Cycler In (B0), 1846 Lysis Transfer (Bl), 1847 Product Bottom

(B2), 1848 Product Top (B3) and 1850 Vent (B4)

[00103] The valve bodies can include various types of valves, such as valves actuated with

the aid of rams described in U.S. Provisional Patent Application Serial No. 62/001,533, filed

March 21, 2014, and U.S. Provisional Patent Application Serial No. 62/067,120, filed

October 22, 2014, each of which is entirely incorporated herein by reference. As an

alternative, the valve bodies can include Micro-Robotic on-Chip Valve and Pump valves

(MOVe), as described, for example, in U.S. Patent Nos. 8,394,642 and 8,672,532, each of

which is entirely incorporated herein by reference.



[00104] As shown in FIG. 7, cartridge body 1801 includes lysis chamber 1820. Cartridge

1801 can include reagent chambers filled with, e.g., nucleic acid size standards (molecules of

known sizes), PCR master mix and PCR primers, respectively, and sealed with, e.g., balls

acting as closures for ball valves. When opened, the reagent chambers come into fiuidic

communication with fiuidic channels in sample cartridge 1801, for example, through ports

1852 (internal lane standard), 1853 and 1854 (PCR Master Mix and PCR Primer Mix).

Pistons can actuate the ball valves, pushing fluids through the ports and into the channels to

which they are connected. Sample cartridge 1801 also can include inlet port 1812 and output

port 1813. Upon engagement with the cartridge interface, inlet port 1812 and outlet port

1813 each engage a fluid line. The fluid line connected to inlet port 1812 can be attached to a

pressure source, e.g., a syringe, to exert positive or negative pressure to fiuidic channels via

the inlet port, transporting liquids, such as lysis buffer, water or air, into or out of the

cartridge. The fluid line connected to output port 1813 can conduct analyte from the

cartridge to a sub-system for analyte analysis.

[00105] In some examples, cartridge body 1801 includes lysis chamber 1820 and,

optionally, closable cap 1864 to close lysis chamber 1820. Cartridge 1801 includes pump

1884. Pump 1884 (e.g., an air pump) is configured as a chamber defined by walls of the

cartridge body. Pump 1884 is fluidically connected to at least one fiuidic channel in the

cartridge body. Walls of the pump comprise, at least in part, the malleable material of the

cartridge body. Accordingly, the walls can be deformed, for example by mechanical force,

increasing pressure in the chamber to pump liquid or air in fiuidic channels in fiuidic

communication with the pump. Pump 1884 can be actuated with a plunger or piston that

depresses walls of pump 1884 and forces, for example, air from the pump body through the

fiuidic channel to which it is connected. Pump 1884 can be used to clear fluid from a fiuidic

channel. For example, in this embodiment, reagent introduced from port 1852 into reaction

chamber 1822 may leave dead volume in channel 1831. Pump 1884 can be used to pump this

dead volume of reagent into reaction chamber 1822.

[00106] A sample analysis sub-system can include an electrophoresis assembly including an

anode, a cathode and an electrophoresis capillary in electric and fiuidic communication with

the anode and cathode, and a sample inlet communicating between a sample outlet in the

sample cartridge and an inlet to the capillary. These can be contained, e.g., within an

electrophoresis cartridge 104. The sample analysis sub-system can further include an optical

assembly including a source of coherent light, such as laser 1988, an optical train, including,

e.g., lenses 1955, and a detector, configured to be aligned with the electrophoresis capillary



and to detect an optical signal, e.g., fluorescence, therein. In an example, the electrophoresis

cartridge also includes a source of electrophoresis separation medium and, in some cases

sources of liquid reagents, such as water and lysis buffer, delivered through outlets in the

electrophoresis cartridge to the system. Separation channels for electrophoresis can take two

main forms. One form is a "capillary", which refers to a long and typically cylindrical

structure. Another is "microchannel", which refers to a microfluidic channel in a

microfluidic device, such as a microfluidic chip or plate.

[00107] A control sub-system can include a computer 1973 programmed to operate the

system. The control sub-system can include user interface 101 that receives instructions from

a user which are transmitted to the computer and displays information from the computer to

the user. The user interface 101 may be as described in U.S. Provisional Patent Application

Serial No. 62/067,429, filed October 22, 2014, which is entirely incorporated herein by

reference. In some cases, the control sub-system includes a communication system

configured to send information to a remote server and to receive information from a remote

server.

[00108] FIGS. IB and 1C present the system of FIG. 1A in further detail. As described

above, a sample cartridge interface 103 and an electrophoresis interface 105 are comprised in

the system, for engaging the sample cartridge and the electrophoresis cartridge. Both the

sample cartridge and the electrophoresis cartridge provided herein can be releasably or

removably engaged with the system. The system of FIGS. 1A-1C can be used in forensic

analysis to decode the genetic information of a single sample. In some cases, the system may

be used to determine the genetic profile of a sample in less than about 6 hours, 5 hours, 4

hours, 3 hours, 2.5 hours, 2 hours, 1.5 hours, 1 hour, 30 minutes, 20 minutes, 10 minutes, 5

minutes 1 minute or less. Such time may depend upon, for example, the number of steps

included in sample processing operations.

[00109] A schematic of the system of FIGS. 1A-1C is illustrated in FIG. 2 . A chassis 200 is

included for structural support, which may be formed of a metallic material, such as

aluminum or steel, a polymeric material, or a combination thereof. In some cases, the chassis

may be structured to minimize the weight of the system. A user interface which comprises

system electronic controls 201, embedded computer 202, and a user interface screen capable

of identifying and reading fingerprint 204 and sample patch barcode 205, is included in the

system. The user interface receives and processes requests or instructions from and delivers

information to a user. It can include software programmed to execute routines for performing

the operations mentioned, above, and transmit and receive information, such as computer



files, from remote locations, e.g., over the internet. The user interface can also enable the user

to monitor the progress of the operation and make changes to the operation of system if

measurements are not within selected parameters. A sample cartridge interface 206 is

provided for receiving a sample cartridge for sample processing. The sample cartridge

described herein can be configured to receive one or more samples and to perform at least

one of sample isolation, extraction, purification, amplification or dilution, when the sample

cartridge is engaged with the sample cartridge interface of the system. Sample amplification

can include polymerase chain reaction (PCR). One or more reagents that are needed for

performing one or more steps of sample processing may be pre-loaded or comprised in the

sample cartridge, for example, washing buffer, lysis buffer, diluent, or amplification reagents.

Also comprised in the system is a fully integrated electrophoresis cartridge 207 which is

releasably engageable with the system via an electrophoresis cartridge interface. The

electrophoresis system comprises all essential parts for performing an electrophoretic

analysis, such as an electrophoresis capillary, electrodes (e.g., anode and cathode),

electrophoresis separation medium, or electrophoresis buffer. In some cases, it may comprise

reagent that can be used to perform STR analysis. It may further comprise one or more

reagent container for holding reagents that are used for sample processing, e.g., a lysis buffer

container. The lysis buffer may be placed in fluidic communication with the sample cartridge

and used for isolating the target material out of the sample during sample processing, after

both the sample cartridge and the electrophoresis cartridge are engaged with the system. Once

the engagement of the electrophoresis cartridge is completed, at least one automatic

communication between the electrophoresis cartridge and the system may be established, for

example, an electrical communication 213 between the electrophoresis cartridge and the

system electronic controls 201, an optical communication 214 between a portion of the

electrophoresis capillary in the electrophoresis cartridge and an optics module 203 of the

system, a fluidic communication 215 between a sample inlet port of the electrophoresis

cartridge and a sample outlet port of the sample cartridge, a mechanical and thermal 216

communication between the electrophoresis cartridge and a motorized drives and cooling

module 208 of the system.

[00110] In an example, the integrated electrophoresis cartridge 207 has all or substantially all

of the components necessary for electrophoresis in a compact unit that is readily insertable

into and removable from the electrophoresis cartridge interface. This may permit a user to

readily engage the cartridge 207 with the system without having to open the system. In some

examples, all or substantially all of the components necessary for electrophoresis (e.g., anode,



cathode and at least one electrophoresis capillary are included on a single board or support or

multiple boards or supports that are securably integrated with one another.

[00111] Various chemistries are commercially available to perform STR analysis and, in

particular, CODIS-compatible STR analysis. These include, for example, Globalfiler® and

Globalfiler® Express (6-dye, 24-locus STR kit, from Life Technologies/Thermo Fisher

Scientific (Grand Island, NY) (worldwide web site:

lifetechnologies.com/us/en/home/industrial/human-identification/globalfiler-str-kk and

PowerPlex® Fusion (e.g., PowerPlex® Fusion 6C) from Promega Corporation (Madison,

WI) (worldwide web site: promega.com/Products/Genetic-Identity/STR-Analysis-for-

Forensic-and-Paternity-Testing/PowerPlex-Fusion-STR-

Kits?utm_medium=print&utm_source=ishi_poster&utm_campaign=powerplex&utm_content

=October).

[00112] The system provided herein may further comprise a power source 212 for supplying

the power for the system, AC mains 211 for applying a voltage gradient across the anode and

the cathode, one or more fans 210 for dissipate the heat for one or more parts of the system,

and one or more USB ports 209 for collecting and transferring data either within the system

or outside the system.

[00113] Also provided herein the present disclosure is the electrophoresis cartridge may

comprise one or more of sub-containers or sub-cartridges that are removably insertable in the

electrophoresis cartridge, such as, sub-containers for holding electrophoresis separation

medium, reagents for sample processing, or reagents for sample analysis. FIG. 3 shows an

example of an electrophoresis cartridge comprising an electrophoresis separation medium

sub-container. As shown in FIG. 3, an electrophoresis cartridge is manufactured to have a

space 302 configured to specifically receive and accommodate a secondary or sub-container.

A sub-container 301 used for holding the electrophoresis separation medium can be stored

outside the electrophoresis cartridge 303 before the engagement of the electrophoresis

cartridge with the system. The sub-container which holds the electrophoresis separation

medium may be installed into the electrophoresis cartridge 305 a short time before the

engagement of the electrophoresis cartridge with the system, for example, less than 1 hour,

50 minutes, 40 minutes, 30 minutes, 20 minutes, 15 minutes, 10 minutes, 5 minutes before

engaging the electrophoresis cartridge with the system. Once the electrophoresis cartridge is

installed into the system 306, the sub-container may be placed in thermal communication

with a thermal control module of the system, which may adjust the temperature of the sub-

container to a desired value and maintain it for a period of time.



II. Electrophoresis Cartridge

(1) General Overview

[00114] The present disclosure also provides an integrated electrophoresis cartridge for

sample analysis which has a small footprint and configured to removably engage with a

system for sample preparation, processing and analysis. The electrophoresis cartridge may

include a capillary electrophoresis assembly which comprises an anode sub-assembly, a

cathode assembly and at least one electrophoresis capillary having a first and a second end,

across which a voltage gradient may be applied. The anode sub-assembly may comprise a

single anode or a number of anodes. The cathode sub-assembly may comprise one cathode or

a number of cathodes. The first and second end of the electrophoresis capillary may be in

communication with the anode and cathode sub-assemblies respectively.

[00115] As described herein, the term "footprint" generally refers to the horizontal surface

area or the area of a surface covered when the electrophoresis cartridge is placed on that

surface. In some cases, the electrophoresis cartridge can have a footprint of less than or equal

to about 1 m2, 9000 cm2, 8000 cm2, 7000 cm2, 6000 cm2, 5000 cm2, 4500 cm2, 4000 cm2,

3500 cm2, 3000 cm2, 2500 cm2, 2000 cm2, 1900 cm2, 1800 cm2, 1700 cm2, 1600 cm2, 1500

cm2, 1400 cm2, 1300 cm2, 1200 cm2, 1100 cm2, 1000 cm2, 900 cm2, 800 cm2, 700 cm2, 600

cm2, 500 cm2, 450 cm2, 400 cm2, 350 cm2, 300 cm2, 250 cm2, 200 cm2, 150 cm2, 100 cm2, 90

cm2, 80 cm2, 70 cm2, 60 cm2, 50 cm2, 40 cm2, 30 cm2, 20 cm2 or 10 cm2. In some cases, the

electrophoresis cartridge may have a footprint between any of the two values described

herein. In an example, the electrophoresis cartridge has a footprint between about 625 cm

and 3600 cm2.

[00116] In some cases, the electrophoresis cartridge may further comprise an electrophoresis

separation medium container for holding an electrophoresis separation medium and

communication with at least one anode in anode sub-assembly through a fluid line. In some

cases, a fluid handling device may be included in the electrophorese cartridge, with the aid of

which, the electrophoresis separation medium may be moved into the at least one

electrophoresis capillary. Any type of devices that is capable of moving the fluid may be

used, such as valves, pumps, electrostatic fluid accelerators, and various other forms of

process equipment.

[00117] The electrophoresis cartridge may also comprise a sample inlet port, which is able

to receive a sample from a sample outlet port of the system and in fluid communication with

at least one cathode in cathode sub-assembly and an opening of electrophoresis capillary.



[00118] FIGS. 4A and 4B show clear shell views of an example of an electrophoresis

cartridge of the present disclosure. In general, the electrophoresis cartridge may comprise a

cartridge casing 400, a sub-container (or sub-cartridge) casing 401, an optical interface 402

for providing a light source and detecting signals from analytes, one or more hydrodynamic

devices (e.g., fluid coupling) 403, an anode sub-assembly 404, a cathode sub-assembly 405,

an electrophoresis capillary 406, an electrical interface 407, one or more mechanical

interfaces (e.g., 408, 409, 412 and 413) for applying pressure or forces on parts of the

electrophoresis cartridge, a thermal interface 410 for control the temperature of the sub-

container 401, and an electrical interface 411 for providing a voltage between at least one

anode in the anode sub-assembly and at least one cathode in the cathode sub-assembly.

(2) Cathode Sub-assembly

[00119] An example of the cathode sub-assembly that can be included in an electrophoresis

cartridge of the present disclosure is shown in FIG. 6A. Three cathode nodes 602 are

included in the cathode sub-assembly and places in electrical communication with an

electrophoresis capillary port 606. In some cases, the cathode nodes can be disposed in close

proximity to the electrophoresis capillary port, for example, at least one cathode node is

positioned opposite the electrophoresis capillary port, as shown in FIG. 6A. The cathode

nodes may be also placed in fluidic communication with a sample inlet port 603, a first

reagent port 604, a second reagent port 605 and a waste port 601, through a passage of the

cathode sub-assembly. The sample inlet port 603 may further communicate with at least one

sample outlet port of the sample cartridge interface and receive the prepared sample from it.

The received sample may flow though a sample line into the passage of the cathode sub

assembly and with the application of the voltage gradient, be pushed into the electrophoresis

capillary. One or more reagents (e.g., electrophoresis buffer, water etc.) that may aid in

performing the electrophoretic analysis may be provided and communicating with the

electrodes and the electrophoresis port. A waste container is provided and in fluid

communication with all other fluid ports (e.g., the sample inlet port, the electrophoresis

capillary port, and the first and the second reagents ports), through the waste port and the

passage of the cathode sub-assembly. Any excessive fluid or liquid leak from any one of the

ports and the cathode sub-assembly may flow into the waste container and be collected.

(3) Anode Sub-assembly

[00120] FIG. 6B shows an example of the anode sub-assembly comprised in an

electrophoresis cartridge of the present disclosure. The anode sub-assembly comprises an

anode node 612 which is in electrical communication with an electrophoresis capillary port



614. The anode sub-assembly may further comprise an electrophoresis separation medium

port 611, one or more reagent ports (607 and 613), and a waste port 609. All these ports are in

fluid communication with the anode node 612 and the electrophoresis capillary port 614,

through a passage of the anode sub-assembly. Further comprised in the anode sub-assembly

are two mechanical interfaces that are in mechanical communication with the rest parts of the

anode sub-assembly and aid in delivering and transferring fluid flow of the electrophoresis

separation medium and the reagents among different parts of the anode sub-assembly.

[00121] In some examples, the mechanical interface may comprise a high pressure piston

608 that may move vertically and apply a high pressure onto the passage of the anode sub

assembly. The mechanical interface may comprise an anode main piston 610 which moves

horizontally and is capable of relieving the pressure from the high pressure piston. The

electrophoresis separation medium port 611 may receive an electrophoresis separation

medium from the electrophoresis medium sub-container. The received electrophoresis

separation medium may then be moved through a fluid line into the passage of the anode sub

assembly and placed in communication with the electrophoresis capillary port 614. The high

pressure piston 608 then moves down to apply a high pressure onto the passage and pushes

the electrophoresis separation medium into at least one electrophoresis capillary via the

electrophoresis capillary port 614. One or more reagents (e.g., water, electrophoresis buffer)

may be received via the reagent ports 607 and 613 and pumped into the electrophoresis

capillary for the following sample analysis. In some cases, one of the reagent ports may be

used to receive a regeneration fluid and in communication with the passage and one or more

other parts of the anode sub-assembly. As described elsewhere herein, the regeneration fluid

may be used to flush and rinse the electrophoresis capillary to renew or restore its function or

performance, after one or more times of use. Time period and frequency for applying the

regeneration fluid may vary, depending upon a number of factors. Non-limiting examples of

factors may include temperature, property of regeneration fluid (e.g., viscosity), type of

regeneration fluid, quantity of regeneration fluid, pressure or force used to drive the

regeneration fluid, size of opening of the electrophoresis capillary, total surface area of the

electrophoresis capillary to be regenerated, substances or material adsorpted on inner wall or

surface of the electrophoresis capillary that needs to be removed, or combinations thereof.

Any type of fluid that is capable of cleansing the inner wall or surface of the electrophoresis

capillary may be used in the present disclosure. A regeneration fluid can be an organic fluid,

an aqueous fluid, a non-aqueous inorganic fluid, or mixtures thereof. In some cases, a

regeneration fluid may comprise one or more types of alkali hydroxide, such as LiOH,



NaOH, KOH, RbOH, or CsOH. In some cases, a regeneration fluid may comprise one or

more salts, such as sodium tetraborate and trisodium phosphate. In some cases, more than one

type of regeneration fluid may be used in certain application. For example, following the

rinse of a first regeneration fluid, a second and a third regeneration fluid may be used to

further cleanse the electrophoresis capillary. In some cases, a regeneration fluid may have a

high pH value, such as 11. In some cases, a regeneration fluid may have a low pH value, such

as 2.5. In some cases, pH value of a regeneration fluid may vary depending on different

applications.

[00122] Similar to the cathode sub-assembly, a waste container is provided to receive and

collect any excess fluid or possible leak from the anode sub-assembly via the waste port 609

included in the anode sub-assembly.

III. Electrophoresis Cartridge and Systems

[00123] The electrophoresis cartridge can be configured to releasably engage with a

cartridge interface of a sample-profiling system. As further provided, engagement of the

electrophoresis cartridge may automatically establish at least one communication between the

electrophoresis cartridge and the system. Non-limiting examples of communications may

include fluidic communication, electrical communication, optical communication,

mechanical communication, electromagnetic communication, thermal communication,

electrochemical communication, radiofrequency communication, magnetic communication

and combinations thereof. Electromagnetic communication can include, for example, optical

communication and/or wireless communication (e.g., radio-frequency identification (RFID),

WiFi, Bluetooth). The automatic communication may be established between at least one

part of the electrophoresis cartridge and at least one component of the system. For example,

in some cases, an optical communication may be made between a portion of at least one

electrophoresis capillary and an optics module of the system. In some examples, an electrical

communication may be made between a voltage control assembly of the system and the

anode and the cathode of the electrophoresis cartridge. In some cases, a fluidic

communication may be established between at least one sample inlet of the electrophoresis

cartridge and at least one sample outlet of the system. In some cases, one or more mechanical

communication may be established between one or more mechanical interfaces of the system

and the anode sub-assembly and the cathode sub-assembly of the electrophoresis cartridge.

[00124] The optics module may comprise at least one light source and one optical detector.

The light source can comprise a lamp, such as an incandescent, halogen, fluorescent, gas-

discharge, arc, laser, UV, or LED lamp. The light source can comprise a laser. The light



source can produce a specific wavelength or range of wavelengths, including but not limited

to visible light, infrared light, UV light, and combinations thereof. The light source can

comprise multiple light sources, of the same or of different types, which can be used

separately or in combination. In some cases, an electrical communication may be made

between the electrodes (i.e., anode and cathode) and a voltage control assembly of the

system. In some cases, a thermal communication may be made between at least one

electrophoresis capillary and a thermal control assembly of the system. In some cases, a

fluidic communication may be made between at least one electrophoresis capillary and a fluid

control assembly of the system. In some cases, engagement of the electrophoresis cartridge

and establishment of at least one automatic communication may occur concurrently. In some

cases, engagement of the electrophoresis cartridge and establishment of at least one automatic

communication may occur sequentially. For example, at least one communication may be

automatically established after the electrophoresis cartridge is engaged with the system. In

cases where more than one automatic communication is made, they may be made

simultaneously or sequentially, or in some cases these automatic communications may be

grouped and different groups of communication may occur simultaneously or sequentially. In

some cases, the automatic communication is made in response to user instructions provided

to a control module of the system. In some cases, the automatic communication may be

triggered by some manual operation, for example, pressing a button by the user. In some

cases, automatic communication is established by mechanical engagement of the cartridge

with the system. For example, such engagement can place fluid conduits in into

communication by sliding or snapping them into place during engagement. Automatic

electrical communication can be achieved when engagement physically connects electrical

terminals on both the cartridge and the interface. Automatic optical communication can

occur when placement of the cartridge in the interface places a detection element, such as a

capillary, in the path of an optical train of an optical assembly in the instrument.

Alternatively, the system can be configured to establish communication once the system

senses that the cartridge is engaged. For example, once the cartridge is engaged, the system

can automatically move fluid conduits into engagement with fluid ports n the cartridge.

Alternatively, one the cartridge is engaged, the system can be configured to automatically

establish radio communication with the cartridge.

[00125] Once at least one automatic communication is established, it may be desirable to

check or test the robustness of the communication. For example, in some cases, it may be

required to check whether the automatic communication is made properly. In cases where



more than one automatic communication is made, it may be useful to check the number of

proper and accurate communications that have been made. Built-in circuits may be used to

transform the checking results into an output signal which may subsequently be displayed on

a user interface screen of the system. In some cases, each of the automatic communications

may have an individual built-in circuit. In some cases, a signal built-in circuit may be used

for all communications. In some cases, a number of communications may share one built-in

circuit. A variety of signals may be outputted and used herein as an indicator of the checking

results, e.g., audio, visual, tactile, or combinations thereof. In some cases, the outputted signal

may include lights that may light up to indicate the number of accurate communications. In

detail, a number of lights corresponding to each of automatic communications may be used

and the number of lights that are lit off out of the total number of lights may indicate the

number of communications that are inaccurately established. For example, if a total of five

automatic communications are to be checked and after checking, three lights out of five are

lit, then it may indicate only two automatic communications are properly established. In some

instances, a numerical value may be displayed that is indicative of number of properly

established communications. For example, a number may indicate that two out of five

communications are made correctly. In some cases, a color may be displayed that is

indicative of the proper communication. For example, a green color may indicate that the

communication is accurately established. A yellow light may indicate that the

communication is acceptable for further operations but not optimal, and a red light may

indicate that the communication is incorrectly made and needs to be repeated. In some cases,

a visual indicator such as a bar may be utilized. The quality of the communication may be

indicated based on how full the bar is. In some cases, audio signals may be outputted

indicating the accuracy of the communication. For example, when communication is

improperly made and a fix is required, a beeping or words of warning may be produced. In

some cases, the system may vibrate or provide any other type of tactile warning if the

communication is not made properly.

[00126] With reference to FIG. 5, a schematic of an electrophoresis cartridge 500 is shown.

As described elsewhere herein, the electrophoresis cartridge 500 may comprise an

electrophoresis assembly which includes an anode sub-assembly 507, a cathode sub-assembly

510, and at least one electrophoresis capillary 509 to be used in sample separation and

analysis for at least one sample. In some cases, at least one capillary is one capillary or one to

10 capillaries. In some cases, a plurality of electrophoresis capillaries may be used for

performing electrophoresis analysis on a number of samples. For example, in some cases, the



plurality is less than or equal to about 1000, 900, 800, 700, 600, 500, 400, 300, 200, 175, 150,

125, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 50, 45, 40, 35, 30, 25, 20, 15, 10, 5

electrophoresis capillaries may be used. In some cases, greater than or equal to about 1, 5, 10,

15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175, 200, 300,

400, 500, 600, 700, 800, 900 or 1000 electrophoresis capillaries maybe used. In some cases,

the number of electrophoresis capillaries may fall into a range of any of the two values

described herein, for example, 66.

[00127] The cathode sub-assembly can include at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10

cathode nodes. The anode sub-assembly can include at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, or

10 anode nodes. In the illustrated example of FIG. 5, three cathode nodes 511 are included

in the cathode sub-assembly and in fluidic and electrical communication with a first end of

the electrophoresis capillary. At least one anode node 529 is comprised in the anode sub

assembly and in fluidic and electrical communication with a second end of the

electrophoresis capillary. Although presented in the present disclosure are an anode sub

assembly and a cathode sub-assembly comprising one anode node and three cathode nodes, it

shall be appreciated that any number of anodes and cathodes may be used, dependent upon,

different applications. For example, in some cases, equal to or less than about 20, 15, 10, 9, 8,

7, 6, 5, 4, 3, 2, or 1 anodes or cathodes may be utilized. In some cases, greater than or equal

to about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15 or 20 anodes or cathodes may be utilized. In some

cases, the number of anodes or cathodes used in a certain application may be between any of

the two values described herein, for example, 11.

[00128] The electrophoresis cartridge may also comprise more than one container for

holding electrophoresis separation medium and more than one reagent for sample processing

and analysis. As shown in FIG. 5, an electrophoresis separation medium container 501, a first

reagent container 502, a second reagent container 503, a third reagent container 504, and a

fourth reagent container 505 are included in the electrophoresis cartridge 500. As provided in

the present disclosure, one or more containers may be configured to be removably insertable

into the electrophoresis cartridge. After each run of sample analysis is completed, one or

more containers may be replaced or reused, depending upon, the applications. In some cases,

it may be desirable to store or transport one or more containers at a pre-determined

temperature, for example, if a thermal-sensitive electrophoresis separation medium or

electrophoresis reagent is used and the trivial change of temperature may impair its

performance and thereafter result in the failure of the whole analysis. In some cases, the

container may be stored or transported at room temperature. In some cases, the container may



be stored or transported at a high temperature. In some cases, the container may be stored or

transported at a low temperature. In some cases, the container may be stored or transported at

a temperature less than or equal to about 50°C, 40°C, 30°C, 25°C, 20°C, 15°C, 10°C, 5°C,

0°C, -5°C, -10°C, -20°C, -30°C, -40°C, -50°C, -60°C, -70°C, -80°C, -90°C, or -100°C. In some

cases, the container may be stored or transported at a temperature greater than or equal to -

20°C, -10°C, -5°C, 0°C, 5°C, 10°C, 15°C, 20°C, 25°C, 30°C, 35°C, 40°C, 45°C, 50°C, 55°C,

60°C, 70°C, 80°C, 90°C, or 100°C. In some cases, the container may be stored or transported

at a temperature between any of the two values described herein, for example, 4°C. Once the

containers are installed in the electrophoresis cartridge, they may be kept at the same or a

different temperature. Installation of the containers may be realized manually or

automatically.

[00129] Any type of electrophoresis separation media that may move and separate the

sample with the separation channel in an electrophoretic analysis may be used herein the

present disclosure. An electrophoresis separation medium can be solid, semi-solid, liquid

(e.g., gel), such as organic material, natural macromolecules, synthetic or semi-synthetic

polymers (e.g., linear homopolymer or block copolymer, cross-linked homopolymer or block

copolymer), or combinations thereof. Non-limiting examples of electrophoresis separation

media may include agarose, sucrose, cellulose acetate, starch-gel, polyacrylamide (e.g., the

LPA line (including LPA-1) of separation gels (Beckman Coulter), the POP™ line (including

POP-4™, POP-6™ and POP-7™) of separation polymers (Life Technologies), and a

modified LPA with a self-coating polymer (e.g., LPA V2E (IntegenX Inc.)),

hydroxyethylcellulose, and other biopolymers. To separate single-stranded nucleic acid

fragments, denaturing gel electrophoresis can be performed using a separation polymer or gel

that comprises a chemical denaturant (e.g., urea, formamide or N-methyl-pyrrolidone) or at a

temperature (e.g., at least about 65° C, 75° C, 85° C or 90° C or higher) that denatures

double-stranded nucleic acid fragments.

[00130] Once the electrophoresis separation medium container 501 is properly engaged with

the electrophoresis cartridge, with the aid of a first mechanical interface 515 for controlling

one or more fluid handling devices (e.g., a pump), the electrophoresis separation medium

may be driven and moved into the anode sub-assembly 507. The electrophoresis separation

medium may be further pushed into at least one of the electrophoresis capillary with the

application of a second and a third mechanical interface 514 and 516 by exerting a force (or

pressure) on a high pressure piston 506 and an anode main piston (not shown).



[00131] Any suitable reagent may be used in the present disclosure. Reagents may be solid,

semi-solid or liquid. In cases where liquid reagents are used, they may comprise organic

fluid, inorganic fluid, or a mixture thereof. For example, reagents may comprise water,

electrophoresis buffer, sample processing buffer (e.g., a lysis buffer), loading buffer,

regeneration fluid, or combinations thereof. For example, reagents can be provided (e.g.,

stored) in an aqueous solution, or can be provided (e.g., stored) in a solid or dry (e.g.,

lyophilized) form and then placed into solution by addition of a liquid (e.g., an aqueous

solution) as appropriate. Alternatively, reagents can be provided (e.g., stored) in a

substantially water-free non-ionic organic solvent (e.g., an alcohol solvent) or in a

substantially water-free ionic organic solvent (e.g., a deep eutectic solvent) and can be re-

hydrated by addition of an aqueous solution as appropriate, as described in PCT Patent

Publication No. WO 2014/055936, which is entirely incorporated herein by reference. As

used in the present disclosure, the term "regeneration fluid" generally refers to a fluid that is

able to renew or restore the function or performance of one or more parts of the

electrophoresis cartridge, for example, the electrophoresis capillary. In some cases, the

regeneration fluid may comprise an aqueous solution. In some cases, the regeneration fluid

may comprise an alkaline fluid. In some cases, the regeneration fluid may comprise one or

more alkali hydroxides.

[00132] To collect any liquid or fluid that mat leak from, for example, an electrophoresis

capillary, the anode sub-assembly, or the cathode sub-assembly, two waste containers 512

and 513 may be included in the electrophoresis cartridge and communicate with the anode-

subassembly and the cathode sub-assembly, respectively. The collection capacity (e.g.,

volume) of the waster container may vary, dependent upon, the applications. In some cases, a

high collection capacity may be desirable, for example, if a large amount of samples are to be

analyzed and a large quantity of reagents is expected to be consumed. In some cases, a low

collection capacity may be sufficient. In some cases, the collection capacity may be less than

or equal to about 500 milliliter (mL), 400 mL, 300 mL, 200 mL, 100 mL, 90mL, 80mL, 70

mL, 60 mL, 50 mL, 40 mL, 30 mL, or 20mL. In some cases, the collection capacity of the

waste container may be greater than or equal to about 5 mL, 10 mL, 20 mL, 30 mL, 40 mL,

45 mL, 50 mL, 55 mL, 60 mL, 65 mL, 70 mL, 75 mL, 80 mL, 85 mL, 90 mL, 95 mL, 100

mL, 150 mL, or 200 mL. In some cases, the collection capacity of the waste container may be

between any of the two values described herein, for example, 25mL. Any number of water

containers (e.g., at least 1, 2, 3, 4, or 5) may be included in the electrophoresis cartridge, as

provided in the present disclosure. For example, besides the waste containers that are in



communication with the anode sub-assembly and cathode sub-assembly, each of the reagent

containers and the electrophoresis separation medium container may be provided with its

water container.

[00133] In some aspects of the present disclosure, the electrophoresis cartridge may further

comprise a plurality of fluid handling devices which place various parts or components of the

electrophoresis cartridge in fluidic communication. As described above and elsewhere herein,

any type of devices that is capable of moving or transferring the fluid may be used, such as

valves, pumps, electrostatic fluid accelerators, and various other forms of process equipment.

As shown in FIG. 5, pumps 520 and 521 are used to drive the reagents stored in the first and

the second reagent containers 502 and 503 to the anode sub-assembly 507, through their

respective fluid conduits. Similarly, pumps 522 and 523 are utilized to transfer the reagents

kept in the second and the third reagent containers 503 and 504 to the cathode sub-assembly

510, through two separate fluid conduits.

[00134] In some cases, it may be desirable that at least one of the reagent containers

communicate with more than one part of the electrophoresis cartridge or the system. For

example, as illustrated in FIG. 5, the second and the third reagent containers 503 and 504 are

placed in communication with parts outside of the electrophoresis cartridge, besides their

communication with the cathode sub-assembly 510 of the electrophoresis cartridge as

described above. In detail, both of the reagent containers are in fluidic communication with

the sample cartridge interface 519 and a fluid handling device 518 through a fluid line. A

four-port valve 528 and a three-port valve 527 are utilized to direct, control and regulate

different types of fluid flow in the fluid line. Alternatively or additionally, it may be

advantageous to have one or more reagent containers installed inside the electrophoresis

cartridge while communicate only with parts or components which are outside of the

electrophoresis cartridge. For example, in the present example as shown in FIG. 5, a fourth

reagent container 505 is engaged with the electrophoresis cartridge and placed in fluidic

communication with the sample cartridge interface 519 through a fluid line. In some cases,

one or more hydrodynamic devices (e.g., fluid couplings 524, 525 and 526) may be included

in the electrophoresis cartridge which may aid in delivering and transferring the reagents,

analytes or samples through the fluid line.

[00135] The electrophoresis cartridge may also comprise a sample delivery assembly

comprising at least one sample inlet port and at least one sample line, with each sample line

placing a sample inlet port in communication with the first end of the electrophoresis

capillary through a passage in the cathode sub-assembly. The sample inlet port may be



further configured to communicate with a sample outlet port comprised in a sample cartridge

interface 519, via a hydrodynamic device 526, for example, a fluid coupling or a hydraulic

coupling. With the sample delivery assembly, the processed sample from a sample cartridge

that is engaged with the sample cartridge interface may be directed to a separation channel

(e.g., an electrophoresis capillary), via the sample line. Any suitable method for moving the

prepared sample into the separation channel may be used in the context of the present

disclosure. For example, field-amplified stacking (FAS) may be performed by positioning in

an electrophoresis sample line a diluted mixture comprising the sample of lower salt

concentration or lower ionic strength between areas comprising an electrophoresis buffer of

higher salt concentration or higher ionic strength. In another example, a bolus of a material

(e.g., air) can be positioned downstream of the sample in the sample line, wherein the

material has an electrical conductivity that differs from the electrical conductivity of the

electrophoresis buffer or the sample. When the sample is positioned across the separation

channel, the sample can be electrokinetically injected into the separation channel at an

appropriate voltage (e.g., about 3 kV to about 5 kV, or about 4 kV) over an appropriate

amount of time (e.g., about 10 sec to about 20 sec, or about 15 sec). In some other examples,

a pump may be used to drive the sample into the separation channel. In one embodiment, the

capillary can be inserted into the sample line so that sample flows across the opening to the

capillary. In another embodiment, the sample line can be co-axial with the electrophoresis

capillary.

[00136] Once the prepared sample is moved into the separation channel, the sample may

then be subjected to sample separation and analysis within the separation channel, with the

aid of an electric field, as can be generated upon the application of a voltage gradient across

the anode 529 and the cathode 511. Upon the effect of the electric field, analytes in the

electrophoresis capillary move through the matrix (i.e., electrophoresis separation medium) at

different rates, determined by one or more factors, such as mass, charge, or a combination

thereof.

[00137] A portion of the electrophoresis capillary can be used as an optical window 508

which is capable of receiving a light from a light source and emitting signals that can be

captured and detected by one or more detectors included in a detection assembly. In some

cases, an optics module may be provided, which may comprise both the light source and the

detection assembly. The light source is positioned to deliver a beam to at least one

electrophoresis capillary via the optical window. One or more optical detectors (e.g., charge-

coupled device (CCD), complementary metal-oxide-semiconductor (CMOS), photodetector,



photo diode, or photomultiplier detector) may be optically coupled to receive signals emitted

from at least one electrophoresis capillary through the optical window. As discussed

elsewhere in the present disclosure, the optical communication between the optical window

in the electrophoresis cartridge and both the light source and the optics module may be

automatically established at the same time as the occurrence of the engagement of the

electrophoresis cartridge. In one embodiment, the capillary can be movably supported by a

compliant member, which can be spring-biased toward the optics assembly. The optics

module in the system physically engages the compliant member causing rough lateral

alignment of the capillary with the optics. Features on the engagement assembly of the optics

module, when engaging the compliant member, can provide fine alignment through

movement of the capillary across the compliant member.

[00138] The capillary can be thermally regulated, e.g., heated, to maintain an appropriate

running temperature. The capillary can be heated by, for example, flowing temperature-

controlled air over the capillary, by placing the capillary in thermal contact with a

thermoelectric heater (e.g., a Peltier), or by placing the capillary in thermal contact with a

resistive heater. An example of an assembly using a resistive heater to heat a capillary is

described in U.S. Patent 8,5 12,538. In another embodiment, a capillary heater assembly can

comprise a flexible heater circuit comprising a resistive heater (e.g., a wire trace) in a

polymeric substrate. Such flexible heater circuits are commercially available from Mod-

Tronic (Thermofoil®), Kapton (polyimide heater) and McMaster-Carr (ultrathin heat sheet).

One embodiment of a capillary thermal regulating assembly includes the following elements:

A capillary is sandwiched between hook and loop layers of a fabric hook-and-loop fastener

(e.g., a Velcro® strip). A resistive heater, such as a nicrome wire, is placed in thermal

contact with the capillary through one of the fabric layers, e.g., placed in physical contact an

external surface of the layer. This assembly can be supported by a thermal spreader, such as

graphite, e.g., flexible graphite. In another embodiment, the capillary is sandwiched between

two strips of a thermal conductive gel, such as Thermacool TC3008 (Saint Gobain,

Courbevoie, France). This sandwich is, in turn, sandwiched between heat spreaders, such as

a graphite film (e.g., KERATHERM® Graphite Film, Kerafol, Eschenbach, Germany). This

sandwich, in turn, is sandwiched between strip heaters (e.g., Kapton).

[00139] After each cycle of sample processing and analysis is completed, it is not necessary

to replace and discard the electrophoresis cartridge. Provided herein the present disclosure are

electrophoresis cartridges that can be reusable for at least 2 times, 4 times, 6 times, 8 times,

10 times, 12 times, 14 times, 16 times, 18 times, 20 times, 2 1 times, 22 times, 23 times, 24



times, 25 times, 26 time, 27 time, 28 times, 29 times, 30 times, 35 times, 40 times, 45 times,

50 times, 60 times, 70 times, 80 times, 90 times, or 100 times. As discussed elsewhere

herein, a regeneration fluid is included in the electrophoresis cartridge and used to flush and

rinse the electrophoresis capillary after each time of use.

IV. Methods

[00140] Also provided in the present disclosure are methods for preparing, processing and

analyzing a genetic material comprising sample with systems described herein. In general, the

method may comprise: (a) providing a system comprising an electrophoresis cartridge

interface that releasably engages with an electrophoresis cartridge comprising (1) an anode

sub-assembly comprising an anode, (2) a cathode sub-assembly comprising a cathode, and (3)

at least one electrophoresis capillary that is in fluid communication with the anode and the

cathode; (b) receiving the electrophoresis cartridge at the electrophoresis cartridge interface;

(c) automatically establishing at least one of (i) an optical communication between an optical

detection assembly of the electrophoresis system and a portion of the at least one

electrophoresis capillary, (ii) an electrical communication between the system and the anode

and the cathode, (iii) a fluidic communication between the system and the at least one

electrophoresis capillary, (iv) a thermal between the system and the electrophoresis cartridge

or the at least one electrophoresis capillary, and (v) a magnetic communication between the

system and the electrophoresis cartridge; (d) providing a voltage gradient between a first end

of the at least one electrophoresis capillary communicating with the anode and a second end

of the at least one electrophoresis capillary communicating with the cathode.

[00141] In some cases, the system may further comprise a voltage control assembly (e.g., a

power source) which is capable of applying a voltage gradient across the anode and the

cathode, at least one thermal control assembly, at least one sample outlet, an optics module,

and at least one fluid control assembly. The optics module may comprise a light source and a

detection assembly comprising one or more optical detectors. The fluid control assembly may

comprise a fluid container for holding one or more of reagents or fluid that are necessary for

sample preparation, processing and analysis, and at least one fluid handling device that is

capable of moving the fluid within the electrophoresis cartridge or the system.

[00142] In some cases, the automatically established communication comprises at least one

of (i) an electrical communication between the voltage control assembly and the anode and

the cathode, (ii) a sensing communication between the optics module and at least a portion of

the electrophoresis capillary, (iii) a thermal communication between at least one thermal

control assembly and the electrophoresis capillary, (iv) a first fluidic communication between



at least one sample outlet and the electrophoresis capillary, and (v) a second fluid

communication between at least one fluid control assembly and the electrophoresis capillary.

[00143] As discussed elsewhere herein, engagement of the electrophoresis cartridge and

establishment of at least one automatic communication may occur concurrently or

sequentially. For example, at least one communication may be automatically established after

the electrophoresis cartridge is engaged with the system. In cases where more than one

automatic communication is made, they may be made simultaneously or sequentially. In

some cases, these automatic communications may be grouped and different groups of

communication may occur simultaneously or sequentially. In some cases, the automatic

communication is made in response to user instructions provided to a control module of the

system. In some cases, the automatic communication may be triggered by some manual

operation, for example, pressing a button by the user.

V. Method of Use

[00144] The sample cartridges of this disclosure can be used in an integrated system for

preparing a sample, for example, DNA isolation and amplification. For example, in one

example (FIG. 9), a sample contained on for example a swab or a card punch, can be

introduced into sample chamber 120. The cartridge can be engaged with sample cartridge

interface 103. Cell lysis buffer contained in an off-chip reservoir can be feed through port

112 into the fluidic channel in the cartridge and into the sample chamber 120 by closing

valves 141, 142, 143, and 147. Port 112 can be connected to a syringe or to another source of

positive or negative pressure. After lysis, lysate can be moved through a fluidic channel on

the cartridge, for example, with a plunger that applied vacuum through port 112 to draw the

fluid into reaction chamber 122 by opening valves 147, 148, 149, and 142; and closing valves

146, 145, 143, 144, and 141. In one embodiment, the DNA reaction chamber can include

material that captures a pre-determined amount of analyte. Excess fluid can be moved into

waste chamber 123 while the reaction chamber is filled. Reagents for performing PCR or

other reactions can be introduced into the reaction chamber through ports 115 and 116. In

one embodiment, as detailed in U.S. Patent Application Publication No. US 2013/01 15607

and International Patent Application Publication No. WO 2013/130910, an actuator pushes

on ball valves (not shown), to push the master mix in port 115 and the primers in port 116

into reaction chamber 122. A thermal control mechanism in the system can apply heat to

perform thermal cycling in reaction chamber 122 of the cartridge with valves 148 and 149

closed. Following thermal cycling, valves 148, 145, 143 and 141 are opened and valves 149,

146, 147, 144, 142 are closed, and internal lane standard is dispensed from port 114 into



reaction chamber 122 and pushed into mix chamber 121. Following mixing, valves 141, 142,

145, 146 are closed; valves 143 and 144 are opened and the amplified STR mixture with

internal lane standard is pushed to through port 113 to a capillary electrophoresis analysis

module for separation, detection, and analysis.

A. Amplification and Cycle Sequencing - One Channel

[00145] In some cases, cartridges of this disclosure can be used to perform DNA

amplification and subsequent preparation for cycle sequencing. The target for sequencing

can be, for example, a diagnostic target, such as a gene for genotyping, a polynucleotide

bearing a somatic mutation, e.g., from a tumor, or a polynucleotide from an infectious

microorganism such as a bacterium or a virus.

[00146] An exemplary cartridge 2100 for such an embodiment is shown in FIG. 10.

Cartridge 2100 has input 2 110. A sample 2105 can be introduced into sample chamber 2120.

The cartridge can be engaged with an interface of instrument 2180 configured to supply

reagents and motive forces. Cell lysis buffer contained in an off-chip reservoir 2182 can be

fed through port 2 112 into a fluidic channel in the cartridge and into the sample chamber

2120 by opening valve 2 114. Port 2 112 can be connected to a syringe 2170 or to another

source of positive or negative pressure.

[00147] After lysis, lysate can be moved through a fluidic channel on the cartridge into

isolation chamber 2130 by opening valve 2 116; if required vacuum can be applied by syringe

2170 by opening valve 2 118. Magnetically responsive particles, e.g., beads 2184, can be

introduced into the isolation chamber before or after introduction of the lysate by opening

valve 2 118. In another embodiment, the beads can be preloaded into isolation chamber 2130.

Polynucleotides can be captured on the particles and immobilized by application of a

magnetic force to the isolation chamber 2130 by magnetic actuator 2135. The particles can

be washed with, e.g., ethanol 2186, and the wash moved to a waste chamber on cartridge (not

shown) or off-cartridge 2188.

[00148] Then the polynucleotides can be moved into a reaction chamber 2140 for PCR by

opening valve 2122. Reagents for amplifying a specific nucleotide sequence can be

introduced into the reaction chamber from sealed compartments through ports 2 113 and 2 115

or these sealed compartments can contain the reagents in an integrated vial with seals by for

example Teflon balls. These include primers, nucleotides, and hot start DNA polymerase.

Primers are typically kept separate in a "primer mix" from the other ingredients, mixed as

"master mix". A thermal control mechanism in the system, e.g., thermal cycler 2160, can

apply heat to perform thermal cycling in reaction chamber 2140 of the cartridge. Following



thermal cycling, remaining primers and nucleotide triphosphates can be degraded by adding,

for example, exonuclease I and shrimp alkaline phosphatase from a sealed compartment

through port 2 117. Following reaction, the exonuclease I and shrimp alkaline phosphatase

can be degraded by heating to 80 °C by thermal cycler 2160.

[00149] Reagents for performing cycle sequencing can then be introduced into the reaction

chamber, for example, from sealed compartments on the cartridge through ports 2 119 and

2121. These include a sequencing primer, nucleotides, hot start DNA polymerase, and

labeled dideoxynucleotides (e.g.BigDye® terminators form Life Technologies ®) for dye

terminator sequencing. Primers are typically kept separate in a "primer mix" from the other

ingredients, mixed as "master mix". Thermal cycling produces dideoxynucleotide-terminated

polynucleotides with base specific fluorescent label.

[00150] This mixture can then be moved back into isolation chamber 2130. Magnetically

responsive particles can be introduced into isolation chamber 2130 for polynucleotide capture

and clean up.

[00151] Cleaned up polynucleotides can then be pushed, e.g., with air 2192 through output

port 2123 to a capillary electrophoresis analysis module for separation, detection, and

analysis.

[00152] In some cases, some or all reagents are stored in compartments on the cartridge for

movement into the fluidic circuit as needed.

[00153] Another example of a sample cartridge configured to perform this method is

depicted in FIGs. 11A and 11B. Cartridge 3200 includes inlet 3210, pressure port 3212, lysis

chamber 3220, filter chamber 3236, isolation chamber 3230, reaction chamber 3240,

magnetically attractable beads 3285 in the reaction chamber, ports 3213 and 3215 for PCR

reagents, ports 3219 and 3221 for cycle sequencing reagents, exit port 3213, and valves 3213,

3214, 3241, 3243, 3244, 3245, 3248, 3249 and 3250. The cartridge aspect in FIG. 11B

shows ports 3212 and 3213, as well as open compartments for ports 3213, 3215, 3217, 3219

and 3221.

B. Amplification and Cycle Sequencing - Multi-Channel

[00154] In some cases, a sample cartridge of this disclosure has a fluidic circuit with a

plurality of branches, each branch adapted to perform a separate biochemical reaction. For

example, each of two branches can be used to perform one of forward and reverse strand

cycle sequencing on a sample. The forward strand can be prepared for sequencing in a first

branch and the reverse strand can be prepared for sequencing in a second branch.



Alternatively, different branches can be used to amplify different target nucleotide sequences

from the same sample.

[00155] An exemplary cartridge 2200 for such an embodiment is shown in FIG. 12.

Cartridge 2200 has input 2210. A sample 2205 can be introduced into sample chamber 2220.

The cartridge can be engaged with an interface of instrument 2280 configured to supply

reagents and motive forces. Cell lysis buffer contained in an off-chip reservoir 2282 can be

fed through port 2212 into a fluidic channel in the cartridge and into the sample chamber

2220 by opening valve 2214. The lysis solution can be compatible with particles used to

capture polynucleotides. Port 2212 can be connected to a syringe or to another source of

positive or negative pressure.

[00156] After lysis, lysate can be moved through a fluidic channel on the cartridge into

isolation chamber 2230 by opening valve 2216. Magnetically responsive particles, e.g.,

beads 2284, can be introduced into the isolation chamber before or after introduction of the

lysate by opening valve 2218. Polynucleotides can be captured on the particles and

immobilized by application of a magnetic force to the isolation chamber 2230 by magnetic

actuator 2235. The particles can be washed with, e.g., ethanol 2286, and the wash moved to a

waste chamber or off-cartridge 2288.

[00157] Then, aliquots of the polynucleotides can be moved into reaction chambers 2240a-c

for PCR by opening valves 2222a-c. This can be done, for example, by opening and closing

these valves sequentially, and moving material into each open chamber. Reagents for

amplifying a specific nucleotide sequence can be introduced into the reaction chamber from

sealed compartments or may be present in lyophilized form. A thermal control mechanism in

the system, e.g., thermal cycler 2260, can apply heat to perform thermal cycling in reaction

chamber 2240 of the cartridge.

[00158] Following thermal cycling, the products can be moved into chambers 2250a-c by

opening valves 2242a-c. Here, primers and nucleotide triphosphates are degraded by, for

example, exonuclease I and shrimp alkaline phosphatase present in lyophilized form or added

from a sealed compartment. Following reaction, the exonuclease I and shrimp alkaline

phosphatase can be degraded by heating to 80 °C by thermal cycler 2260.

[00159] The samples are then moved into reaction chambers 2250a-c by opening valves

225 la-c for preparation for cycle sequencing. Again, reagents for performing cycle

sequencing can be introduced into the reaction chamber, for example, from sealed

compartments on the cartridge or may be present in lyophilized form. Thermal cycling

produces dideoxynucleotide-terminated polynucleotides with base specific labels.



[00160] The product of the thermal cycling reactions is then moved into clean-up chambers

2254a-c by opening valves 2253a-c. Magnetically responsive particles can be introduced into

clean-up chambers 2254a-c for polynucleotide capture and clean up.

[00161] Cleaned up polynucleotides can then be pushed, e.g., with air 2292 through output

ports 2223a-c by opening valves 2255a-c to a capillary electrophoresis analysis module for

separation, detection, and analysis.

C. DNA Quantification

[00162] In some cases, sample cartridges of this disclosure include a DNA quantification

function. Such a function can be useful to meter an amount of DNA for amplification

determined appropriate for down-stream applications such as STR amplification.

[00163] An exemplary cartridge 2300 for such an embodiment is shown in FIG. 13.

Cartridge 2300 has input 2310. A sample 2305 can be introduced into sample chamber 2320.

The cartridge can be engaged with an interface of instrument 2380 configured to supply

reagents and motive forces. Cell lysis buffer contained in an off-chip reservoir 2382 can be

fed through port 23 12 into a fluidic channel in the cartridge and into the sample chamber

2320 by opening valve 23 14. Port 23 12 can be connected to a syringe 2370 or to another

source of positive or negative pressure.

[00164] After lysis, lysate can be moved through a fluidic channel on the cartridge into

isolation chamber 2330 by opening valve 23 16. Magnetically responsive particles, e.g.,

beads 2384, can be introduced into the isolation chamber before or after introduction of the

lysate by opening valve 2318. Polynucleotides can be captured on the particles and

immobilized by application of a magnetic force to the isolation chamber 2330 by magnetic

actuator 2335. The particles can be washed with, e.g., ethanol 2386, and the wash moved to a

waste chamber or off-cartridge 2388.

[00165] Then, a predetermined amount of the particles with captured DNA can be moved

into a reaction chamber 2340 by opening valve 2322. Magnetic actuator 2335 immobilizes

the beads in reaction chamber 2340. Human-specific qPCR reagents, such as Quantifiler

from Thermo Fisher Scientific™ or Plexor HY System from Promega™, are introduced into

the reaction chamber from sealed compartments through ports 23 19 and 2321 . A thermal

control mechanism in the system, e.g., thermal cycler 2360, can apply heat to perform

thermal cycling in reaction chamber 2340 of the cartridge for qPCR. A detection device

2370, e.g., using illumination, determines the course of the reaction. This information is used

to determine how much DNA is captured per unit bead volume. The amount of beads

necessary to carry the predetermined quantity of DNA needed is calculated.



[00166] Material in reaction chamber 2340 can then be pushed, e.g., with air, 2392 through

output port 2323.

[00167] Next, a volume of beads from isolation chamber 2330 determined to carry the

desired amount of DNA is moved into reaction chamber 2340. Reagents for performing PCR

can then be introduced into the reaction chamber, for example, from sealed compartments on

the cartridge through ports 23 13 and 23 15, and the reaction thermal cycled.

[00168] Internal ladder standard 23 17 can then be pushed, e.g., with air 2392 through output

port 2323 to a capillary electrophoresis analysis module for separation, detection, and

analysis.

[00169] The cartridges of this disclosure can be used in an integrated system for analyzing a

sample, for example, DNA isolation and amplification with real time or end point detection.

For real time measurement, the samples can be interrogated by an optical detection system

while amplifying in reaction chamber 122. The readout can be the change in fluorescence or

by melting point. The probes can be human specific for human identification, forensics, or

molecular diagnostic applications, or specific for pathogens for molecular diagnostic

applications, or for bioagents for biodefense applications or nonspecific intercalators for

determining the amount of DNA present. Amplification methods include, for example,

thermal or isothermal amplification reactions, for example, PCR, rolling circle amplification,

whole genome amplification, nucleic acid sequence-based amplification, and single strand

displacement amplification, single primer isothermal linear amplification (SPIA), loop-

mediated isothermal amplification, ligation-mediated rolling circle amplification and the like.

[00170] The sample cartridges of this disclosure can be used in an integrated system for

analyzing a sample. The assay can detect a polypeptide (e.g., immunoassay) or a nucleic acid

(e.g., PCR or reverse transcriptase followed by amplification). To detect an immunoassay,

after lysis of the sample and movement of the lysed sample to reaction chamber 121, ports

115 and 116 can be used to add primary and secondary antibodies to the sample. The

detection can be in sample chamber 121 or the sample can be moved through port 113 to a

detector.

[00171] The assay can be multiplex or single analyte. They can involve any assay to

measure the presence, amount, activity, or other characteristics of the sample. These include

assays that involve detection by fluorescence, luminescence, chemiluminescence, absorbance,

reflectance, transmittance, birefringence, refractive index, colorimetric, and combinations

thereof. In this instant disclosure, the enzyme master mix and the substrate might be



individually added to the reaction and the progress or endpoint of the assay monitored

optically.

[00172] In some cases, sample cartridges of this disclosure can be used to prepare samples

for additional analytical devices. Analytical methods can include sequencing,

chromatography, (e.g., gas or size exclusion) electrometry, ellipsometry, refractrometry,

interferometry (e.g., back scattering interferometry), spectrometry (e.g., mass spectrometry,

NMR spectrometry, Raman spectroscopy, Surface-enhanced Raman Spectroscopy), surface

plasmon resonance. Sequencing methods can include high-throughput sequencing,

pyrosequencing, sequencing-by-synthesis, single-molecule sequencing, nanopore sequencing,

semiconductor sequencing, sequencing-by-ligation, sequencing-by-hybridization, RNA-Seq

(Illumina), Digital Gene Expression (Helicos), Next generation sequencing, Single Molecule

Sequencing by Synthesis (SMSS)(Helicos), massively-parallel sequencing, Clonal Single

Molecule Array (Solexa), shotgun sequencing, Maxim-Gilbert sequencing, Sanger

sequencing, primer walking, sequencing using PacBio, SOLiD, Ion Torrent, or Nanopore

platforms.

[00173] For STR applications, after thermal cycling, other reagents such as molecular

weight markers (size standards) can be combined with the PCR product. Products of the PCR

can be moved off chip for analysis through an output line connected to port 113 (sample out).

[00174] In cases where the reaction is a short tandem repeat (STR) reaction, in some

jurisdictions for casework samples, the amount of human DNA may need to be quantified.

The typical forensic process is to quantify an extracted sample using real time polymerase

chain reaction (PCR) in a separate instrument before the sample is STR amplified. In this

instant disclosure, a human specific probe is added to the STR mixture which has

fluorescence outside the range used by the STR kit. The reaction chamber 122 is interrogated

by a suitable wavelength of light for the human specific probe while the STR is being PCR

amplified. The human specific probe can be a quencher such as a Black Hole Quencher® or

a TaqMan® probe or other chemistries well know to one skilled in the art. As the PCR

cycles increase, the fluorescence from the human specific probe is monitored to quantify the

amount of human DNA in the reaction. In a preferred embodiment, the number of

amplification cycles can be adjusted based upon the amount of human DNA measured; this

can be on a cartridge-by- cartridge monitoring if independent thermal cyclers are in use. One

advantage is that the human specific probe will allow the concurrent STR amplification to

achieve an optimal amplification and produce an amount of STR product that is optimal for

the kit. A second advantage is the real time monitoring concurrent with the STR



amplification allows integration of a sample-to-answer system without having an additional

separate quantification process. A third advantage is for low copy number samples where

there is barely enough sample to produce a good STR profile the integration of the

quantification with the STR amplification prevents the aliquot typically used for

quantification from causing the remaining sample to not have enough DNA for a good STR

amplification.

VI. Computer control systems

[00175] The present disclosure provides computer control systems that are programmed to

implement methods of the disclosure. FIG. 8 shows a computer system 801 that is

programmed or otherwise configured to facilitate sample preparation, processing and/or

analysis. The computer system 801 can regulate various aspects of sample preparation,

processing and/or analysis of the present disclosure, such as, for example, engaging an

electrophoresis cartridge with an electrophoresis interface of a system for sample preparation,

processing and/or analysis (see, e.g., FIGs. 1A-1C). The computer system 801 can be

integrated with such system.

[00176] The computer system 801 includes a central processing unit (CPU, also "processor"

and "computer processor" herein) 805, which can be a single core or multi core processor, or

a plurality of processors for parallel processing. The computer system 801 also includes

memory or memory location 810 (e.g., random-access memory, read-only memory, flash

memory), electronic storage unit 815 (e.g., hard disk), communication interface 820 (e.g.,

network adapter) for communicating with one or more other systems, and peripheral devices

825, such as cache, other memory, data storage and/or electronic display adapters. The

memory 810, storage unit 815, interface 820 and peripheral devices 825 are in

communication with the CPU 805 through a communication bus (solid lines), such as a

motherboard. The storage unit 815 can be a data storage unit (or data repository) for storing

data. The computer system 801 can be operatively coupled to a computer network

("network") 830 with the aid of the communication interface 820. The network 830 can be

the Internet, an internet and/or extranet, or an intranet and/or extranet that is in

communication with the Internet. The network 830 in some cases is a telecommunication

and/or data network. The network 830 can include one or more computer servers, which can

enable distributed computing, such as cloud computing. The network 830, in some cases

with the aid of the computer system 801, can implement a peer-to-peer network, which may

enable devices coupled to the computer system 801 to behave as a client or a server.



[00177] The CPU 805 can execute a sequence of machine-readable instructions, which can

be embodied in a program or software. The instructions may be stored in a memory location,

such as the memory 810. The instructions can be directed to the CPU 805, which can

subsequently program or otherwise configure the CPU 805 to implement methods of the

present disclosure. Examples of operations performed by the CPU 805 can include fetch,

decode, execute, and writeback.

[00178] The CPU 805 can be part of a circuit, such as an integrated circuit. One or more

other components of the system 801 can be included in the circuit. In some cases, the circuit

is an application specific integrated circuit (ASIC).

[00179] The storage unit 815 can store files, such as drivers, libraries and saved programs.

The storage unit 815 can store user data, e.g., user preferences and user programs. The

computer system 801 in some cases can include one or more additional data storage units that

are external to the computer system 801, such as located on a remote server that is in

communication with the computer system 801 through an intranet or the Internet.

[00180] The computer system 801 can communicate with one or more remote computer

systems through the network 830. For instance, the computer system 801 can communicate

with a remote computer system of a user (e.g., operator). Examples of remote computer

systems include personal computers (e.g., portable PC), slate or tablet PC's (e.g., Apple®

iPad, Samsung® Galaxy Tab), telephones, Smart phones (e.g., Apple® iPhone, Android-

enabled device, Blackberry®), or personal digital assistants. The user can access the

computer system 801 via the network 830.

[00181] Methods as described herein can be implemented by way of machine (e.g.,

computer processor) executable code stored on an electronic storage location of the computer

system 801, such as, for example, on the memory 810 or electronic storage unit 815. The

machine executable or machine readable code can be provided in the form of software.

During use, the code can be executed by the processor 805. In some cases, the code can be

retrieved from the storage unit 815 and stored on the memory 810 for ready access by the

processor 805. In some situations, the electronic storage unit 815 can be precluded, and

machine-executable instructions are stored on memory 810.

[00182] The code can be pre-compiled and configured for use with a machine have a

processer adapted to execute the code, or can be compiled during runtime. The code can be

supplied in a programming language that can be selected to enable the code to execute in a

pre-compiled or as-compiled fashion.



[00183] Aspects of the systems and methods provided herein, such as the computer system

801, can be embodied in programming. Various aspects of the technology may be thought of

as "products" or "articles of manufacture" typically in the form of machine (or processor)

executable code and/or associated data that is carried on or embodied in a type of machine

readable medium. Machine-executable code can be stored on an electronic storage unit, such

memory (e.g., read-only memory, random-access memory, flash memory) or a hard disk.

"Storage" type media can include any or all of the tangible memory of the computers,

processors or the like, or associated modules thereof, such as various semiconductor

memories, tape drives, disk drives and the like, which may provide non-transitory storage at

any time for the software programming. All or portions of the software may at times be

communicated through the Internet or various other telecommunication networks. Such

communications, for example, may enable loading of the software from one computer or

processor into another, for example, from a management server or host computer into the

computer platform of an application server. Thus, another type of media that may bear the

software elements includes optical, electrical and electromagnetic waves, such as used across

physical interfaces between local devices, through wired and optical landline networks and

over various air-links. The physical elements that carry such waves, such as wired or

wireless links, optical links or the like, also may be considered as media bearing the

software. As used herein, unless restricted to non-transitory, tangible "storage" media, terms

such as computer or machine "readable medium" refer to any medium that participates in

providing instructions to a processor for execution.

[00184] Hence, a machine readable medium, such as computer-executable code, may take

many forms, including but not limited to, a tangible storage medium, a carrier wave medium

or physical transmission medium. Non-volatile storage media include, for example, optical

or magnetic disks, such as any of the storage devices in any computer(s) or the like, such as

may be used to implement the databases, etc. shown in the drawings. Volatile storage media

include dynamic memory, such as main memory of such a computer platform. Tangible

transmission media include coaxial cables; copper wire and fiber optics, including the wires

that comprise a bus within a computer system. Carrier-wave transmission media may take

the form of electric or electromagnetic signals, or acoustic or light waves such as those

generated during radio frequency (RF) and infrared (IR) data communications. Common

forms of computer-readable media therefore include for example: a floppy disk, a flexible

disk, hard disk, magnetic tape, any other magnetic medium, a CD-ROM, DVD or DVD-

ROM, any other optical medium, punch cards paper tape, any other physical storage medium



with patterns of holes, a RAM, a ROM, a PROM and EPROM, a FLASH-EPROM, any other

memory chip or cartridge, a carrier wave transporting data or instructions, cables or links

transporting such a carrier wave, or any other medium from which a computer may read

programming code and/or data. Many of these forms of computer readable media may be

involved in carrying one or more sequences of one or more instructions to a processor for

execution.

[00185] The computer system 801 can include or be in communication with an electronic

display 835 that comprises a user interface (UI) 840, for example, for enabling the user to

instruct the computer system 801 to begin sample preparation, processing and/or analysis.

Examples of UFs include, without limitation, a graphical user interface (GUI) and web-based

user interface. The user interface 840 may be as described in U.S. Provisional Patent

Application Serial No. 62/067,429, filed October 22, 2014, which is entirely incorporated

herein by reference.

[00186] Methods and systems of the present disclosure can be implemented by way of one

or more algorithms. An algorithm can be implemented by way of software upon execution

by the central processing unit 805. The algorithm can, for example, implement the general

operation of a system for sample preparation, processing and/or analysis. In some examples,

the algorithm can regulate the sequential opening and closing of valves or the operation of an

electrophoresis cartridge.

VII. Examples

EXAMPLE 1

[00187] The sample cartridge is a polypropylene molding with an integrated syringe barrel

and sample chamber with a polyethylene heat seal over the area of the fluidics. There is an

absorbent material in the waste chamber and a small dot of capture material in the reaction

chamber. The barrel is loaded with a quantity of lysis solution (500-1000µ ) isolated

between two rubber plungers. There are three reagent vessels on the chip that seal with top

and bottom Teflon balls; two for the two parts of the Global Filer mastermix/primer which

are loaded with 7-10µ of solution and one containing a water/ILS solution that is used as a

diluent before transfer to the cathode.

Process Steps

[00188] 1. Load cartridge

a . User removes cartridge from packaging and load into the instrument.
Instrument senses cartridge and engages. The rams are in the retracted state.

b. Initial valve coining. The rams move to the closed state.



[00189] 2 . Load sample.

a . The sample is recorded and loaded.

[00190] 3 . Lysis (See FIG. 14A for path of liquid.)

a . The lysis heater is turned on.

b. The valves are set to the appropriate position for delivery from the syringe to
the lysis chamber.

c . The back rubber plunger is engaged by the pump shaft on the instrument.
d . The entire contents of the syringe is delivered to the lysis chamber.
e . The valves are moved to the vent position.
f . The syringe plunger is withdrawn and the syringe fills with air.
g . The valves move to the delivery position.
h . The air is injected into the lysis chamber to effect mixing.

[00191] 4 . Transfer and capture (See FIG. 14B. Pulled by syringe inlet from sample

chamber into reaction chamber.)

a . The valves are set to a state where a path is open between the lysis chamber
and the waste container that passes through the reaction chamber.

b. A vacuum is pulled on the waste container.
c . The lysate is pulled out of the chamber, through the reaction chamber and thus

over the capture media, and into the waste where it is absorbed by the material
in the chamber.

d . The valves are switched to the delivery position and the plunger is brought
forward.

e . The pull is executed again to insure all the free lysate material is out of the
chamber, through the reaction chamber and in the waste.

[00192] 5 . Mastermix/primer loading and thermocycling. (See FIG. 14C. Reagents pumped

into reaction chamber.)

a . The valves are set to a state where a path is open through the waste to the vent
b. The two PCR mix vials are emptied into the reaction chamber
c . All valves are closed.
d . Thermocycling begins.

[00193] 6 . Polymer fill, concurrent with cycling

a . Open anode input and anode output valve
b. Flush anode
c . Close anode output valve
d . Fill capillary
e . Rinse Cathode



[00194] 7 . Mix Sample and diluents (See FIG. 14D. Sample and diluents to mix

compartment.)

a . The valves are set to a state where a path is open between the reaction
chamber and the mix chamber to vent.

b. The diluent vial is emptied up into the mix chamber.

[00195] 8. Sample delivery to cathode (See FIG. 14E. Product pushed to out port.)

a . The valves are set to a state with a path from the syringe to the mix chamber to
the sample outlet.

b. The syringe is driven in to place the sample.

[00196] 9 . Sample injection and run

a . The sample is injected into the capillary
b. The buffer pump sweeps the sample out of the capillary and flushes the lines
c . Electrophoresis and detection is run.

EXAMPLE 2

[00197] Another protocol, performed on cartridge 1801, includes the following steps. Valve

configurations are shown in FIG. 15.

1 Load Sample Cartridge
2 Prime Lysis to waste*
3 Dispense Lysis to Lysis Chamber
4 Mix Lysis with Air
5 Mix and Heat Lysis
6 Pull Lysate to Waste via Reaction Chamber
7 Push Primer Mix and Master Mix to Reaction Chamber
8 Thermal Cycling
9 Push Internal Lane Standard and Product thru Reaction Chamber to Mix
Chamber
10 Push Residual Internal Lane Standard and Product to Mix Chamber with Air
Pump
11 Push Product to Cathode
12 Water Rinse of Mix Chamber and Product Output to Cathode
13 Water Rinse of Mix Chamber and Reaction Chamber
14 Flush Water out of Sample Cartridge to Waste Chamber
15 Flush water from Sample Cartridge and Line to Cathode
16 Release

1. All 500ul will be dispensed into the lysis chamber and then pushed into the
waste chamber after step 5 .

2 . Residual Primer Mix and Master Mix in line to Reaction Chamber just
below B0, will remain in Sample Cartridge after the run.

3 . Flush Sample Cartridge free of water.



EXAMPLE 3

[00198] Another protocol, performed on cartridge of FIG. 16, includes the following steps.

All valves begin in open configuration.

1. Close valves 2543 and 2548. Load Sample Cartridge.
2 . Push lysis buffer from port 25 12 through valve 2542 to Lysis Chamber

2520
3 . Mix Lysis with Air: Push air through the following open valves and

forcing air through the circuit: 2512 (open) 2543 2523 2541

2522 - 2545 - 2520
4 . Mix and Heat Lysis
5 . Pull Lysate to Waste via Reaction Chamber 2520 - 2545 -^2522 - 2523

- 2543 - 2512
6 . Close valve 2545; Push Primer Mix 2554 and Master Mix 2553 to

Reaction Chamber 2522
7 . Close valve 2541; Thermal Cycling
8. Open valve 2541; Push Internal Lane Standard 2552 and Product thru

Reaction Chamber 2522 to Mix Chamber 2521

9 . Push Product to Cathode 2512 - 2548 - 2521 - 2547 - 2513
EXAMPLE 4

[00199] This example shows a method to perform cycle sequencing on a nucleic acid. (Refer

to FIG. 10.)

[00200] Raw sample

• Lyse with chaotroph
[00201] Bead purify DNA

• Move to magnetic bead processing chamber

• Add paramagnetic beads

• Wash 2x with diluted ethanol

• Elute DNA or move beads to reaction chamber(s)
[00202] Perform PCR amplification (make enough of target region to sequence; if multiple

regions are being sequenced, the sample had to be split or parallel samples for each loci)

• Add PCR primers and premix with enzyme from vials 2 113 and 2 115

• Thermal cycle

[00203] ExoI/SAP (destroys PCR primers and nucleotide triphosphates)

• Add Exo/SAP reagents (Exonuclease I/Shrimp Alkaline Phosphatase)

• Incubate 37 °C/for 15 min

• Heat to 80 °C for 15 min



[00204] Cycle sequence

• Add cycle sequencing primer and premix with enzyme and BigDye
terminators

• Thermal cycle
[00205] Cleanup cycle sequencing products using paramagnetic beads

• Move to magnetic bead processing chamber
• Add beads and chaotroph

• Wash 2x with diluted ethanol

• Elute into water or buffer
[00206] Send products to capillary electrophoresis

EXAMPLE 5

[00207] This example shows a method to perform amplification of markers, e.g., diagnostic

markers, followed by cycle sequencing of the amplification product. (Refer to FIG. 12.)

[00208] Raw sample

• Lyse with chaotroph (on cartridge or instrument)

• Bead purify DNA
o Add beads to isolation chamber
o Wash 2x with dilute ethanol
o Elute DNA or move beads

• Purified DNA produced
• Split purified DNA to reaction chambers in aliquots

[00209] Perform PCR amplification on each locus of interest in separate chambers

• Add PCR primers and premix with enzyme

• Thermal cycle
[00210] Destroy PCR primers and nucleotide triphosphases

• Add Exo/SAP reagents (Exonuclease I/Shrimp Alkaline Phosphatase)

• Incubate 37 °C for ~15 min, heat to 80 °C for 15 min
[00211] Cycle sequence

• Add cycle sequencing primer and premix with DNA polymerase and
labeled dideoxy terminators

• Thermal cycle
[00212] Cleanup cycle sequencing products

• Move cycle sequencing products to cleanup chamber and perform bead-
based cleanup
o Add beads and chaotroph
o Wash 2x
o Elute

[00213] Send products to capillary electrophoresis



EXAMPLE 6

[00214] This example shows a method to quantify amount of human DNA before STR

amplification for human identification or diagnostic fragment sizing (Refer to FIG. 13.)

[00215] Raw sample

• Lyse with lysis buffer (chaotroph or something else) - bubble+heat

[00216] Bead purify DNA

• Move lysate to magnetic bead processing chamber

• Add beads

• Wash 2x

• Move 10% beads to reaction chamber where the beads are captured by
another magnet

[00217] Perform PCR quantification

• Add Quantifiler primers and master-mix

• Thermal cycle

• Excite and detect signal and determine Ct

• Stop after reaching Ct and calculate bead dilution (optimized for
downstream STR chemistry)

• Wash reaction chamber

[00218] STR amplification in reaction chamber

• Pump beads from magnetic bead processing chamber through reaction

chamber into waste adjusting the amount of beads captured by using the

qPCR optics (with beam splitters) - i.e. "counting" beads . Actuate magnet
to capture correct dilution of beads in reaction chamber.

• Add STR premix and master mix

• Thermocycle

[00219] Cleanup STR amp products using a bead-based cleanup (optional based on

quantification)

• Add beads and chaotrophs to reaction chamber

• Wash 2x with dilute ethanol

• Elute and keep beads on magnet

[00220] Add lLS

[00221] Move amp product to capillary electrophoresis system

EXAMPLE 7

[00222] The electrophoresis cartridge is a polypropylene molding comprising an anode sub

assembly, a cathode sub-assembly, an electrophoresis capillary and a gel sub-cartridge

containing cross-linked polyacrylamide. The electrophoresis capillary has a first and a

second end, each of which is in electrical communication with the anode sub-assembly and

the cathode sub-assembly respectively. A portion of the electrophoresis capillary is used as an



optical window for receiving a light from a light source and providing signals of the analytes

for detection and further analysis. The cathode sub-assembly comprise there cathodes and a

cathode main piston, and in fluid communication with the first end of the electrophoresis

capillary, a water container, a buffer container and a first waste container. The anode sub

assembly comprises an anode main piston and a high pressure piston, and is in fluid

communication with the second end of the electrophoresis capillary, the gel sub-cartridge, the

water container, a regeneration fluid container and a second waste container. The

electrophoresis cartridge further comprises a lysis buffer container, a sample inlet port in

fluidic communication with a sample cartridge interface having a sample outlet port.

EXAMPLE 8

[00223] The electrophoresis system is highly integrated and configured to removably engage

with a system for sample preparation, processing and analysis. In general, the system

comprises there fully-integrated and automated components, i.e., a user interface, a sample

cartridge interface and an electrophoresis cartridge interface. The sample cartridge interface

and the electrophoresis cartridge interface are configured to releasably engage a sample

cartridge for sample processing and an electrophoresis cartridge for sample analysis. The user

interface further comprises a control module, a user interface screen and an embedded

computer system. The user interface is configured to read and identify the fingerprint of a

user and barcodes of sample packaging. A user inputs one or more instructions or requests via

the user interface screen and the embedded computer processes the requests and transforms

the requests into signals which then initiate the operation of the system.

[00224] A user removes an electrophoresis cartridge from packaging and load into the

instrument. Instrument senses the cartridge and engages. Multiple communications between

the electrophoresis cartridge and the system including: (i) a fluidic communication between

an inlet port of the electrophoresis cartridge and an outlet port of a sample cartridge

comprised in the system, (ii) an electrical communication between electrodes (i.e., anode and

cathode) of the electrophoresis cartridge and a power source of the system, (iii) an optical

communication between an optical window of the electrophoresis cartridge and an optics

module of the system, (iv) a first thermal communication between the electrophoresis

capillary and a first thermo control assembly of the system, (v) a second thermal

communication between a gel sub-cartridge of the electrophoresis cartridge and a second

thermal control assembly of the system, (vi) a first mechanical communication between an

anode sub-assembly of the electrophoresis cartridge and a first mechanical interface of the

system, (vii) a second mechanical communication between a cathode sub-assembly of the



electrophoresis cartridge and a second mechanical interface of the system, and (viii) a

magnetic communication between the electrophoresis cartridge and the system, are

established concurrently with the engagement of the electrophoresis cartridge.

[00225] Electrophoresis gel stored in the gel sub-cartridge is pumped and injected into the

electrophoresis capillary by a high pressure piston comprised in the anode sub-assembly.

Once the gel injection is completed, a washing buffer is pumped into a passage of the cathode

sub-assembly for removing excessive gel remained in the cathode sub-assembly.

Subsequently, a prepared analyte is directed into the electrophoresis capillary from the

sample line in the cathode sub-assembly. A voltage gradient is then applied across two ends

of the electrophoresis capillary to perform electrophoretic analysis and separate different

components of the analyte which emit distinguishable optical signals upon the illumination of

a laser. The signals are detected by a CCD camera comprised in the optics module and

subjected to further analysis. Conclusion is drawn based on the results.

[00226] While preferred embodiments of the present invention have been shown and

described herein, it will be obvious to those skilled in the art that such embodiments are

provided by way of example only. It is not intended that the invention be limited by the

specific examples provided within the specification. While the invention has been described

with reference to the aforementioned specification, the descriptions and illustrations of the

embodiments herein are not meant to be construed in a limiting sense. Numerous variations,

changes, and substitutions will now occur to those skilled in the art without departing from

the invention. Furthermore, it shall be understood that all aspects of the invention are not

limited to the specific depictions, configurations or relative proportions set forth herein which

depend upon a variety of conditions and variables. It should be understood that various

alternatives to the embodiments of the invention described herein may be employed in

practicing the invention. It is therefore contemplated that the invention shall also cover any

such alternatives, modifications, variations or equivalents. It is intended that the following

claims define the scope of the invention and that methods and structures within the scope of

these claims and their equivalents be covered thereby.



CLAIMS

WHAT IS CLAIMED IS:

1. An electrophoresis cartridge adapted to releasably engage with a cartridge interface of

a system, wherein the electrophoresis cartridge comprises:

an electrophoresis assembly including:

(1) an anode sub-assembly comprising an anode,

(2) a cathode sub-assembly comprising a cathode; and

(3) at least one electrophoresis capillary having a first end and a second end,

wherein said cathode and said anode are configured to provide a voltage gradient across said

first end and said second end of said at least one electrophoresis capillary,

wherein said electrophoresis cartridge is engageable with said cartridge interface to

permit automatically establishing at least one of:

(i) an optical communication between said system and a portion of said at least

one electrophoresis capillary;

(ii) an electrical communication between said system and said anode and said

cathode;

(iii) a fiuidic communication between said system and said at least one

electrophoresis capillary;

(iv) a thermal communication between said system and said electrophoresis

cartridge or said at least one electrophoresis capillary;

(v) an electromagnetic communication between said system and said

electrophoresis cartridge; and

(vi) a magnetic communication between said system and said electrophoresis

cartridge.

2 . The electrophoresis cartridge of claim 1, further comprising an electrophoresis

separation medium container for holding an electrophoresis separation medium, wherein said

electrophoresis separation medium container is in fiuidic communication with said anode.

3 . The electrophoresis cartridge of claim 1, wherein said electrophoresis cartridge is

engageable with said cartridge interface to place at least one sample inlet port of said

electrophoresis cartridge in fluid communication with a sample outlet port of said system.

4 . The electrophoresis cartridge of claim 1, further comprising a fluid handling device

configured to move said electrophoresis separation medium into said at least one

electrophoresis capillary.



5 . The electrophoresis cartridge of claim 1, further comprising a source of capillary

regeneration fluid in communication with said anode sub-assembly.

6 . The electrophoresis cartridge of claim 1, further comprising a source of

electrophoresis medium in communication with said cathode sub-assembly.

7 . The electrophoresis cartridge of claim 1, further comprising a detection window that

exposes at least a portion of said at least one electrophoresis capillary, wherein said

electrophoresis cartridge is engageable with said cartridge interface to place an optical source

of said system in optical communication with said detection window.

8. The electrophoresis cartridge of claim 1, further comprising an electrical interface

communicating with said anode and said cathode, wherein said engagement of said

electrophoresis cartridge places said electrical interface in electrical communication with a

power source for applying a voltage gradient between said anode and said cathode.

9 . The electrophoresis cartridge of claim 1, further comprising a first waste container in

fluidic communication with said cathode sub-assembly.

10. The electrophoresis cartridge of claim 1, further comprising a second waste container

in fluidic communication with said anode sub-assembly.

11. The electrophoresis cartridge of claim 1, further comprising a lysis buffer container in

fluidic communication with a first reagent port in said cathode sub-assembly that engages

ports in said system.

12. The electrophoresis cartridge of claim 1, further comprising a water container in

fluidic communication with a second reagent port in said cathode sub-assembly that engages

ports in said system.

13. The electrophoresis cartridge of claim 1, wherein said engagement of said

electrophoresis cartridge with said cartridge interface automatically establishes a plurality of

said communications.

14. The electrophoresis cartridge of claim 1, wherein said engagement of said

electrophoresis cartridge with said cartridge interface automatically establishes (i).

15. The electrophoresis cartridge of claim 1, wherein said engagement of said

electrophoresis cartridge with said cartridge interface automatically establishes (ii).

16. The electrophoresis cartridge of claim 1, wherein said engagement of said

electrophoresis cartridge with said cartridge interface automatically establishes (iii).

17. The electrophoresis cartridge of claim 1, wherein said engagement of said

electrophoresis cartridge with said cartridge interface automatically establishes (iv).



18. An electrophoresis cartridge, comprising:

an integrated electrophoresis assembly including:

(1) an anode sub-assembly comprising an anode,

(2) a cathode sub-assembly comprising a cathode; and

(3) at least one electrophoresis capillary having a first end and a second end,

wherein said cathode and said anode provide a voltage gradient between said first end and

said second end of said at least one capillary.

19. The electrophoresis cartridge of claim 18, further comprising:

a . an electrophoresis separation medium container for holding an electrophoresis

separation medium and communicating through a fluid line with said anode; and

b . a fluid handling device that moves said electrophoresis separation medium to said

at least one electrophoresis capillary.

20. The electrophoresis cartridge of claim 18, further comprising a source of capillary

regeneration f uid in fluidic communication with said anode assembly.

21. The electrophoresis cartridge of claim 18, further comprising a source of

electrophoresis medium in fluidic communication with said cathode.

22. The electrophoresis cartridge of claim 18, further comprising a first waste container in

fluidic communication with said cathode sub-assembly.

23. The electrophoresis cartridge of claim 18, further comprising a second waste

container in fluidic communication with said anode sub-assembly.

24. The electrophoresis cartridge of claim 18, wherein said cartridge has a footprint of at

most about 12 inches x 12 inches and a weight between about 1 kg and about 7 kg.

25. The electrophoresis cartridge of claim 18, further comprising at least one mating

member that enables said cartridge to releasably mate with a cartridge interface of an

electrophoresis system.

26. The electrophoresis cartridge of claim 18, further comprising a gel cartridge interface

that releasably engages with a gel cartridge for providing an electrophoresis gel to said at

least one electrophoresis capillary.

27. The electrophoresis cartridge of claim 18, wherein said integrated electrophoresis

assembly is single piece.

28. A method, comprising:

(a) providing a system comprising an electrophoresis cartridge interface that

releasably engages with an electrophoresis cartridge comprising (1) an anode sub

assembly comprising an anode; (2) a cathode sub-assembly comprising a cathode;



and (3) at least one electrophoresis capillary that is in fluid communication with

said anode and said cathode;

(b) receiving said electrophoresis cartridge at said electrophoresis cartridge interface;

and

(c) automatically establishing at least one of (i) an optical communication between an

optical detection assembly of said system and a portion of said at least one

electrophoresis capillary, (ii) an electrical communication between said system

and said anode and said cathode, (iii) a fluidic communication between said

system and said at least one electrophoresis capillary, (iv) a thermal

communication between said system and said electrophoresis cartridge or said at

least one electrophoresis capillary; (v) an electromagnetic communication

between said system and said electrophoresis cartridge and (vi) a magnetic

communication between said system and said electrophoresis cartridge.

29. The method of claim 28, further comprising providing a voltage gradient between a

first end of said at least one electrophoresis capillary having said anode and a second end of

said at least one electrophoresis capillary having said cathode.

30. The method of claim 28, wherein said system further comprises a voltage control

assembly, an optics module, at least one thermal control assembly, at least one sample outlet,

and at least one fluid control assembly.

31. The method of claim 28, further comprising providing a control module that tests a

robustness of said at least one communication established in (c).

32. The method of claim 28, further comprising removing said electrophoresis cartridge

from said electrophoresis cartridge interface.

33. The method of claim 28, wherein said automatically establishing comprises

automatically establishing at least two of (i)-(vi).

34. The method of claim 28, wherein said automatically establishing is in response to user

instructions provided to a control module of said system.

35. The method of claim 28, further comprising, with the aid of said at least one fluid

control assembly, directing flow of at least one reagent through a fluid line from said

electrophoresis cartridge to said system.

36. The method of claim 28, further comprising performing sample separation in said

system followed by sample analysis.



37. A system, comprising:

(a) a sample cartridge interface that engages with a sample cartridge;

(b) a sample preparation module that (1) performs sample analysis on a sample from

said sample cartridge to produce an analyte and (2) directs said analyte to a sample outlet

port, which analysis is performed when said sample cartridge is engaged with said sample

cartridge interface; and

(c) an electrophoresis cartridge interface that is releasably engageable with an

electrophoresis cartridge including an integrated electrophoresis assembly having (1) an

anode sub-assembly comprising an anode, (2) a cathode sub-assembly comprising a cathode,

and (3) at least one electrophoresis capillary having a first end and a second end, wherein said

cathode and said anode provide a voltage gradient between said first end and said second end

of said at least one capillary,

wherein said electrophoresis cartridge interface is engageable with said

electrophoresis cartridge to automatically establish at least one of:

(i) an optical communication between said system and a portion of said at least one

electrophoresis capillary,

(ii) an electrical communication between said electrophoresis system and said anode

and said cathode,

(iii) a fluidic communication between said electrophoresis system and said at least one

electrophoresis capillary,

(iv) a thermal communication between said electrophoresis system and said at

electrophoresis cartridge or said at least one electrophoresis capillary;

(v) an electromagnetic communication between said system and said electrophoresis

cartridge and

(vi) a magnetic communication between said system and said electrophoresis

cartridge.

38. The system of claim 37, further comprising a fluid handling system that moves said

analyte from said sample outlet port to said at least one electrophoresis capillary when said

electrophoresis cartridge is engaged with said electrophoresis cartridge interface.

39. The system of claim 37, further comprising a control module that is programmed to

test a robustness of said at least one of said automatic communications.

40. The system of claim 37, wherein said automatically establishing is in response to user

instructions provided to a control module of said system.



4 1. The system of claim 37, wherein said electrophoresis cartridge interface is engageable

with said electrophoresis cartridge to automatically establish at least two of (i)-(vi).

42. The system of claim 37, wherein said electrophoresis cartridge interface is engageable

with said electrophoresis cartridge to automatically establish a fluidic communication

between at least one sample outlet of said system and said at least one electrophoresis

capillary.

43. The system of claim 37, further comprising a signaling mechanism that signals a user

to replace the electrophoresis cartridge.
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