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CLAIMS

I A microfluidic device for multiple single-cell capturing and
processing, the microfluidic device comprising:
a plurality of capture configurations coupled in series, wherein ¢dch respective
capture configuration is configured to capture a single cell; and
a plurality of multi-chamber reaction configurations, wheg€in each respective
multi-chamber reaction configuration is coupled with a respective capture configuration from

the plurality of capture configurations and is configured for single/Cell processing.

2, The microfluidic device of claim 1, whtrein each respective capture

configuration comprises one or more a physical barriers siZed to hold only a single cell.

3. The microfluidic device of claifn 1, wherein each respective capture
configuration comprises:
one or more bypass chaxnels coupled with an input channel and an

output channel;

a drain coupled with the input channel and the output channel; and
a capture nest/Aituated proximal to a junction of the input channel and
the one or more bypass channels and coupled with the drain, wherein the capture nest
is configurcd to captugé a single ccll from a plurality of cells such that a remaining
plurality of cells is diverted into at least one of the one or more bypass channels when

the single cell igcaptured in the capture nest.

The microfluidic device of claim 3, wherein the one or more bypass

channels compyise a first bypass channel and a second bypass channel.

5. The microfluidic device of claim 4, wherein the first bypass channel

and thg’second bypass channel are symmetrically configured.

6. The microfluidic device of claim 4, wherein the symmetrically
configured first bypass channel and second bypass channel comprise a first wing

configuration and a second wing configuration.
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7. The microfluidic device of claim 3, wherein at least the input chapfiel

or the output channel is further configured as a focusing channel.

9. The microfluidic device of claim 3, wherein the pHirality of multi-

chamber reaction configurations are further configured for thermal cy€ling while one or more

valves of a respective multi-chamber reaction configuration is actyated.

10.  The microfluidic device of claim 3, fupther comprising;:
one or more imaging features, wherein eacif respective imaging feature allows

for imaging of captured single cells at a respective capire nest site.

11.  The microfluidic device of £laim 3, further comprising:
a plurality of harvest wells, whofein each respective harvest well is coupled
with a respective multi-chamber reaction cofifiguration and configured to deliver reaction

products for further analysis.

12.  The microflyfdic device of claim 3, further comprising:
a genomic analys#s configuration coupled with each respective multi-chamber
reaction configuration to furtlcr analyze the reaction products from cach respective multi-

chamber reaction configupation.

The microfluidic device of claim 1, wherein each respective capture

configuration corphrises a capture chamber configured to capture a single cell from a limiting

The microfluidic device of claim 1, wherein each capture chamber

red to capture a single cell utilizing a stochastic capture process.

15.  The microfluidic device of claim 1, wherein each respective capture
configuration comprises:

a capturc compartment; and
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a binding partner covering a discrete region of the capture compartment,

where the discrete portion is sized so that only a single cell binds to the discrete region.

16.  The microfluidic device of claim 1, further comprising:
one or more capture supports, wherein cach capture support conyriscs a

binding partner distributed over at least a portion of the capture support.

17.  The microfluidic device of claim 16, wherein thgZone or more capture

supports comprise one or more bead structures.

18.  The microfluidic device of claim 17, furgher comprising:

a capture feature configured to capture the op€ or more capture support.

19. A microfluidic device configured for multiple single-cell capturing and
processing, the microfluidic device comprising:
a plurality of capture configuratiphs coupled in series, each respective capture
configuration comprising:
a plurality of bypas€ channels coupled with an input channel and an
output channel;
a drain coup)éd with the input channel and the output channel; and
a capture Mest situated proximal to a junction of the input channel and
the plurality of bypasg channels and coupled with the drain, wherein the capture nest
is configured to capture an individual cell from a plurality of cells such that a
remaining plurglity of cells is diverted into at least one of the plurality of bypass
channels witn the individual cell is captured in the capture nest; and
aplurality of multi-chamber reaction configurations, wherein each respective
multi-chambef reaction configuration is coupled with a respective capture configuration from

of capture configurations and configured for single-cell processing.

20. A method for multiple single-cell capturing and processing using
migfofluidics, the method comprising:

loading a plurality of cells into a microfluidic device;

flowing the plurality of cells to a first capture configuration of the microfluidic

device;
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capturing a first single cell from the plurality of cells in the first capture
configuration;flowing a first remaining plurality of cells from the plurality of cells to a
second capture configuration of the microfluidic device;capturing a second single cel¥from
the first remaining plurality of cells in the second capture configuration; and

performing multistage processing of at least the first captured sjfgie cell and
the second captured single cell to produce respective harvest products with pespect to at least

the first captured single cell and the second captured single cell on the mycrofluidic device.

21.  The method of claim 20, wherein capturing afleast the first single cell
or the second single cell comprises:
capturing at least the first single cell or the segénd single cell utilizing one or

more a physical barriers sized to hold only a single cell.

22, The method of claim 20, furthef comprising:

flowing the first remaining plurality of cells from the plurality of cells through
one or more bypass channels of the first capturé configuration to a flow channel coupled with
a second capture configuration coupled witj'the first output channel of the first capture

configuration.

23.  The method ¢f claim 20, further comprising:
flowing a sccondfemaining plurality of cclls from the first remaining plurality
of cells through one or more gecond bypass channels to an outlet of the second capture

configuration to a third cgpture configuration through the second output channel.

24, /The method of claim 20, wherein the first capture configuration
comprises:
one or more bypass channels coupled with a first input channel and a
firsf/output channel;
| a first drain coupled with the first input channel and the first output
channel; and
a first capture nest coupled with the first drain and configured to

capture an individual cell from the plurality of cells.
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25.  The method of claim 24, wherein the sccond capturc configuratio

includes:
a plurality of bypass channels coupled with a second input cifannel and

a sccond output channel, wherein the second input channel is coupled with the first

output channel of the first capture configuration;
a second drain coupled with the second input chanptl and the second

output channel; and
a second capture nest coupled with a second drain configured to

capture an individual cell from the first remaining pluraljfy of cells.

26.  The method of claim 20, wherein pepforming the multistage processing
of at least the first captured single cell and the second cgptured single cell to produce
respective harvest products with respect to at least thg'first captured single cell and the
second captured single cell on the microfluidic de¥ice comprises:

lysing, on the microfluidic devige, each respective individually captured cell to

release the one or more constituents of eac

27.  The method of ¢gfaim 26, wherein performing the multistage processing
of at least the first captured single c€ll and the second captured single cell to produce
respective harvest products withfespect to at Ieast the first capturcd single cell and the
second captured single cell o the microfluidic device comprises:

flowing th¢/one or more constituents of each respective captured cell into a
respective multi-chambgr reaction configuration of the microfluidic device for further

processing.

The method of claim 27, wherein performing the multistage processing

performing a thermal cycling procedure while flowing the one or more
constituents through one or more aspects of a respective multi-chamber reaction

configuration of the microfluidic device.
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1 29.  The method of claim 20, wherein performing the multistage procesging
2 of at least the first captured single cell and the second captured single cell to produce

3 respective harvest products with respect to at least the first captured single cell and the

4 sccond capturcd single cell on the microfluidic device comprises:

5 washing, in the microfluidic device, each respective captured #ell with one or
6  more reagents.

1 30.  The method of claim 20, wherein performing jfie multistage processing
2  of at least the first captured single cell and the second captured sipgle cell to produce

3 respective harvest products with respect to at least the first captred single cell and the

4  second captured single cell on the microfluidic device compfises:

5 dosing, in the microfluidic device, each rg§pective captured cell with one or

6  more reagents.

1 31.  The method of claim 20, farther comprising:

2 imaging the respective capturgfl cells within the microfluidic device.

1 32. The method of clfim 27, wherein performing the multistage processing
2  of at least the first captured single cel and the second captured single cell to produce

3 respective harvest products with géspect to at least the first captured single cell and the

4 second captured single cell onthe microfluidic device comprises:

5 ' performing g’preamplification process within the microfluidic device.

1 33. he method of claim 27, wherein performing the multistage processing
2  of at least the first gaptured single cell and the second captured single cell to produce

3 respective harvedt products with respect to at least the first captured single cell and the

4  second captyfed single cell on the microfluidic device comprises:

5 performing a mRNA. sequence process within the microfluidic device.

1 34,  The method of claim 27, wherein performing the multistage processing
2 at least the first captured single cell and the second captured single cell to produce

respective harvest products with respect to at least the first captured single cell and the

second captured single cell on the microfluidic device comprises:
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performing at least a specific target amplification, a whole genome
amplification, a whole transcriptome amplification, a real-time PCR preparation, a copy,

number variation, or a haplotyping within the microfluidic device.

35.  The method of claim 20, wherein performing the multistage processing
of at least the first captured single cell and the second captured single cell to produce
respective harvest products with respect to at least the first captured singlg’cell and the
second captured single cell on the microfluidic device comprises:

marking reaction products from the further processing associated with

respective captured cells for identification purposes.

36.  The method of claim 20, further comprising:
harvesting the harvest products from a plgrality of harvest wells of the

microfluidic device.

37.  The method of claim 36, flirther comprising:

processing the harvest producs.

38.  The method of cl#fim 20, wherein capturing at least the first single cell
or the second single cell comprises:
capturing at least the first single cell or the second single cell utilizing a

capture chamber configured to/capture a single cell from a limiting dilution.

39.  Th€method of claim 20, wherein capturing at least the first single cell
or the second single cgll comprises:

cappfiring at least the first single cell or the second single cell utilizing a

40.  The method of claim 20, wherein capturing at least the first single cell
or the g¢cond single cell comprises:
capturing at least the first single cell or the second single cell utilizing:

a capture compartment; and
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a binding partner covering a discrete region of the capture
compartment, where the discrete portion is sized so that only a single cell binds 16 the

discrete region.

41,  The method of claim 20, wherein capturing at lcast the figét single cell
or the second single cell comprises:

capturing at least the first single cell or the second single ¢éll utilizing one or
more capture supports , wherein each capture support comprises a binding partner distributed

over at least a portion of the capture support.

42, The method of claim 41, wherein the ope or more capture supports

comprise one or more bead structures.

43.  The method of claim 41, furthey'comprising:

a capture feature configured to captyre the capture support.

44. A method for multiple gingle-cell capturing and processing using
microfluidics, the method comprising:
loading a plurality of pagficles or cells into a microfluidic device;
flowing the plurality 6f cells into at least a first capture configuration of the
microfluidic device, wherein the first capture configuration comprises:
a first plurality of bypass channels coupled with a first input channel
and a first output cifannel,
irst drain coupled with the first input channel and the first output
channel; an
a first capture nest coupled with the first drain and configured to
captur€ an individual cell from the plurality of cells;

capturing a first individual particle or cell from the plurality of cells at the first
flowing a first remaining plurality of cells from the plurality of cells through at

ast one of the first plurality of bypass channcls to at lcast a sccond capture configuration

coupled with the first output channel of the first capture configuration;
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flowing the first remaining plurality of cells into at least the second capture

with the first output channel of the first capture configuration;

a second drain coupled with the second input channgt and the second
output channel; and

a second capture nest coupled with a second drain configured to
capture an individual cell from the first remaining plurality of ceils; and

capturing a second particle or cell from the firs¢remaining plurality of cells at
the sccond capturc nest; and

flowing a second remaining plurality of g€lls from the first remaining plurality
of cells through at least one of the plurality of secong/ bypass channels to a third capture

configuration through the sccond output channel,

45. A method of preampljfication utilizing a microfluidic device
configured to capture and to process indi¥idual cells from a plurality of cells, the method
comprising:

priming the microfldidic device utilizing one or more solutions;

flowing the plurglity of cells through the microfluidic device such that
individual cells from the plurality of cells are capture at individual capture sites of the
microfluidic device;
lysing he plurality of captured individual cells at the individual capture sites
of the microfluidicAevice;
rforming reverse transcription, within the microfluidic device, on the
plurality of #idividual lysed cells to produce reverse transcription products associated with
ctive individual cell; and
performing preamplification, within the microfluidic device, on the respective
reytrse transcription products associated with cach respectively lysed individual cell to

roduce preamplification products associated with each individual capture cell.
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46.  The method of claim 45, further comprising:

delivering the preamplification products associated with each individuy
capture cell to a respective harvest inlet from a plurality of harvest inlets of the migfofluidic
device.

47.  The method of claim 45, further comprising:

loading the one or more solutions into the microfluidic deyice.

48.  The method of claim 45, wherein the one or mpOre solutions inciudes at

least one or more reagents or one or more buffers.

49.  The method of claim 45, further compfrising:

loading the plurality of cells into the micigfluidic device.

50.  The method of claim 45, furtifer comprising:
imaging one or more of the capturéd individual cells on the microfluidic

device.

51.  The method of clgim 45, further comprising:
loading at least one opmore lysis reagents, one or more reverse transcription

reagents, or one or more preampljfication reagents into the microfluidic device.

from the plurality ¢f harvest inlets of the microfluidic device.

53.  The method of claim 45, further comprising:

staining the one or more individual capture cells on the microfluidic device.

54.  The method of claim 53, further comprising:
determining whether the one or more individual captured cells are alive or

dead based on the staining.
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55. The method of claim 50, further comprising:
determining whether the one or more individual captured cells are alivg/or

dead based on the imaging.

56.  The method of claim 45, wherein the microfluidic devigt compriscs:
a plurality of capture configurations coupled in series, each fespective capture
configuration comprising:
a plurality of bypass channels coupled with anyinput channel and an
output channel,
a drain coupled with the input channel gfid the output channel; and
a capture nest situated proximal to afunction of the input channel and
the plurality of bypass channels and coupled witH the drain, wherein the capture nest
is configured to capture an individual cell frgfh the plurality of cells such thata
remaining plurality of cells is diverted intg’at least one of the plurality of bypass
channels when the individual cell is captured in the capture nest, wherein the capture
nest comprises one of the individug¥ capture sites; and
a plurality of multi-chamber reaction configurations, wherein each respective
multi-chamber reaction configuratiogis coupled with a respective capture configuration from

the plurality of capture configurapfons and configured for single-cell processing.

57. A mephod of preamplification utilizing a microfluidic device
configured to capture ang/to process individual cells from a plurality of cells, the method
comprising;:

loaging one or more solutions into the microfluidic device;
iming the microfluidic device utilizing the onc or more solutions;
loading the plurality of cells into the microfluidic device;
flowing the plurality of cells through the microfluidic device such that
individual cells from the plurality of cells are capture at individual capture sites of the
migrofluidic device;
imaging one or more of the captured individual cells on the microfluidic

device;
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loading at least one or more lysis reagents, one or more reverse transcriptio
reagents, or one or more preamplification reagents into the microfluidic device;

lysing the plurality of captured individual cells at the individual captyre sites
of the microfluidic device;

performing reverse transcription, within the microfluidic devicg] on the
plurality of individual lysed cells to produce reverse transcription products dssociated with
each respective individual cell;

performing preamplification, within the microfluidic device, on the respective
reverse transcription products associated with each respectively lySed individual cell to
produce preamplification products associated with each individual capture cell;

delivering the preamplification products assgciated with each individual
capture cell to a respective harvest inlet from a plurality/6f harvest inlets of the microftuidic
device;

removing onc or morc protective J@yers of one or more harvesting inlets; and

harvesting the preamplification/roducts from each respective harvest inlet

from the plurality of harvest inlets of the mycrofluidic device.

58. A method of A sequencing utilizing a microfluidic device
configured to capture and to procegs individual cells from a plurality of cells, the method

comprising:

priming the microfluidic device utilizing one or more solutions;

performing reverse transcription, within the microfluidic device, on the
plurality of individual lysed cells to produce reverse transcription products associated with
cagh respective individual cell; and

performing PCR, within the microfluidic device, on the respective reverse
transcription products associated with each respectively lysed individual cell to produce PCR

products associated with each individual capture cell.
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59.  Thc method of claim 58, further comprising:
delivering the PCR products associated with each individual capture ceH to a

respective harvest inlet from a plurality of harvest inlets of the microfluidic device

60.  The method of claim 58, further comprising:

loading the one or more solutions into the microfluidic devige.

61. The method of claim 58, wherein the one or mofe solutions includes at

least one or more reagents or one or more buffers.

62.  The method of claim 58, further comprjéing:

loading the plurality of cells into the microfiiidic device;

63.  The method of claim 58, furthey comprising:
imaging one or more of the captured individual cells on the microfluidic

device.

64.  The method of claing’58, further comprising:
loading at least one or moére lysis reagents, one or more reverse transcription

reagents, or one or more PCR reagepts into the microfluidic device.

65.  The method of claim 58, further comprising:
removing ong’or more protective layers of one or more harvesting inlets; and
harvesting’the PCR products from each respective harvest inlet from the

plurality of harvest inéts of the microfluidic device.

The method of claim 58, further comprising:

staining the one or more individual capture cells on the microfluidic device.

67.  The method of claim 66, further comprising:
determining whether the one or more individual captured cells are alive or

dedad based on the staining.
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68.  The mcthod of claim 63, further comprising:
determining whether the one or more individual captured cells are alivg/or

dead based on the imaging.

69.  The method of claim 58, wherein the PCR products incldde amplified
cDNA.

70.  The method of claim 58, further comprising:

preparing one or more libraries utilizing the PCR progicts associated with

each individual captured cell.

71.  The method of claim 70, wherein prepdring the one or more libraries
comprises:

determining 4 cDNA concentration fropf each respective harvest products
associated with each individual cell; and

diluting each respective cDNA coficentration to within a pre-determined

concentration range.

72.  The method of clgdm 71, further comprising:
preparing the dilated ¢gDNA concentration for tagmentation to produce

tagmentation products.

73.  The méthod of claim 72, further comprising:
performing’PCR amplification on the tagmentation products to produce PCR

products.

74 The method of claim 73, further comprising:

cncrating onc or more library pools from the PCR products.

75. The method of claim 58, wherein the microfluidic device comprises:

a plurality of capture configurations coupled in series, each respective capture
copfiguration comprising:
a plurality of bypass channels coupled with an input channel and an

output channel,
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a drain coupled with the input channel and the output channel; and

a capture nest situated proximal to a junction of the input channel4nd
the plurality of bypass channels and coupled with the drain, wherein the captyre nest
is configured to capture an individual cell from the plurality of cells such tiat a
remaining plurality of cells is diverted into at least one of the plurality of bypass
channels when the individual cell is captured in the capture nest, whefein the capture
nest comprises one of individual capture sites; and

a plurality of multi-chamber reaction configurations, wHerein each respective
multi-chamber reaction configuration is coupled with a respective gapture configuration from

the plurality of capture configurations and configured for singleAell processing,.

76. A method of mRNA sequencing utiljZing a microfluidic device
configured to capture and to process individual cells frop a plurality of cells, the method
comprising:

loading onc or more solutions into fhe microfluidic device;

priming the microfluidic device Atilizing the one or more solutions;

loading the plurality of cells iito the microfluidic device;

flowing the plurality of cglls through the microfluidic device such that
individual cells from the plurality of ¢élls are capture at individual capture sites of the
microfluidic device;

imaging one or wore of the captured individual cells on the microfluidic
device;

loading at }east one or more lysis reagents, one or more reverse transcription
rcagents, or onc or mopt PCR rcagents into the microfluidic device;

lysipg the plurality of captured individual cells at the individual capture sites
of the microfluigic device;

performing reverse transcription, within the microfluidic device, on the
plurality of individual lysed cells to produce reverse transcription products associated with
cach re¢gpective individual cell;

performing PCR, within the microfluidic device, on the respective reverse
tpnscription products associated with each respectively lysed individual cell to produce PCR

products associated with each individual capture cell;
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delivering the PCR products associated with each individual capture cell to a
respective harvest inlet from a plurality of harvest inlets of the microfluidic device;

removing one or more protective layers of one or more harvesting inlefé; and

harvesting the PCR products from each respective harvest inlet frory the

plurality of harvest inlets of the microfluidic device.

77. A microfluidic controller configured for multiple sipgle-cell processing
using a microfluidic device, the microfluidic controller comprising:

a housing;

a microfluidic device input and output module configured to load and unload
the microfluidic device into the housing;

a pressure module configured to couple witly'the microfluidic device to
provide controller pressure to the microfluidic device;

a sealing module configured to provigé one or more pressure seals to the
microfluidic device; and

a thermal cycling module configlired to thermal cycle the microfluidic device.

78.  The microfluidic cofitroller of claim 77, further comprising:
an imaging module configured to image one or more aspects of the

microfluidic device.

79.  The micgrofluidic controller of claim 78, wherein the imaging module
comprises at least a microsgOpe or a camera configured to image one or more captured cells

in the microfluidic devi

80. /' The microfluidic controller of claim 78, wherein the imaging module
comprises at leagt a microscope or a camera configured to image one or more reaction

products in thé microfluidic device.

8l.  The microfluidic controller of claim 77, wherein the thermal cycling
modwe is configured to thermal cycle the microfluidic device while the pressure module

activates one or more valves within the microfluidic device.
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82.  The microfluidic controller of claim 77, further comprising:
an input module configured to receive input from a user of the microflujdic

controller,

83.  The microfluidic controller of claim 77, further comprisipg:

84.  The microfluidic controller of claim 77, whergin the pressure module
configured to couple with the microfluidic device to provide contyéller pressure to the
microfluidic device is configured to control pressure in the migfofluidic device to flow a
plurality of cells through the microfluidic device and to capire individual cells at individual

capture configurations within the microfluidic device.

85.  The microfluidic controlier of/£laim 77, wherein the pressure module
configured to couple with the microfluidic devicg/to provide controller pressure to the
microfluidic device is configured to control prgssure in the microfluidic device to perform

multistage processing of multiple single celfs captured within the microfluidic device.

86.  The microfluidig’controller of claim 77, wherein the thermal cycling
module configured to thermal cyclgthe microfluidic device is configured to perform the

multistage processing of multiplg/single cells captured within the microfluidic device.

87.  The phcrofluidic controller of claim 86, wherein the multistage

processing comprises prgdmplification processing.

88. / The microfluidic controller of claim 86, wherein the multistage

processing comppises mRNA sequence processing.

89.  The microfluidic controller of claim 77, wherein the pressure module
configured to couple with the microfluidic device to provide controller pressure to the
microffuidic device is configured to control pressure in the microfluidic device to prime the

micfofluidic device.

SUBSTITUTE SHEET (RULE 26)



Lth B W 2

pa—

o -1 N th B e Y e

e S S
[« WLV, B SR TS e =

17

WO 2013/130714 PCT/US2013/028170

107

90.  The microfluidic controller of claim 89, wherein the pressurc modylc
configured to couple with the microfluidic device to provide controller pressure to the
microfluidic device is configured to control pressure in the microfluidic device to lpad a
plurality of cells into the microfluidic device and to capture multiple individual ¢€lls from the

plurality of cells in the microfluidic device.

91.  The microfluidic controller of claim 90, wherein af least the pressure
module or the thermal cycling module is configured to facilitate to pefform at least lysis,

reverse transcription, PCR, or harvesting on the microfluidic devi

92.  The microfluidic controller of claim 904 wherein at least the pressure
module or the thermal cycling module is configured to fagilitate to perform at least lysis,

reverse transcription, preamplification, or harvesting op'the microfluidic device.

93. A microfluidic system confygured for multiple single-cell processing,
the microfluidic system comprising:
a microfluidic device comprjéing:
a plurality of capture configurations coupled in series, each respective
capture configuration comprising:
a plurality of bypass channels coupled with an input channel and an
output channel;
a drajd coupled with the input channel and the output channel; and
a gapture nest situated proximal to a junction of the input channel and
the plurality ofbypass channels and coupled with the drain, wherein the capture nest
1s configurgd to capture an individual cell from a plurality of cells such that a
remainipg plurality of cells is diverted into at least one of the plurality of bypass
chanrfels when the individual cell is captured in the capture nest; and
a plurality of multi-chamber reaction configurations, wherein each
respective multi-chamber reaction configuration is coupled with a respective capture
configuration from the plurality of capture configurations and configurcd for single-

cell processing; and
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microfluidic controlier comprising:

unload

108

a microfluidic controller coupled with the microfluidic device, the

a housing;
a microfluidic device input and output module configured to’load and
the microfluidic device into the housing;

a pressure module configured to couple with the mictgfluidic device to

provide controller pressure to the microfluidic device;

a sealing module configured to provide one or piore pressure seals to

the microfluidic device; and

device.

a thermal cycling module configured to tiermal cycle the microfluidic
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CLAIMS

1. An invention not claimed in any divisional application.



