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600

LOAD A POLYMER PRECURSOR SOLUTION INTO A FLOW CELL
- THE POLYMER PRECURSOR SOLUTION INCLUDES A
MONOMER, A CROSSLINKER, AND A PHOTOINITIATOR.
- THE FLOW CELL INCLUDES AT LEAST ONE CHANNEL FOR "-602
RECEIVING THE POLYMER PRECURSOR SOLUTION.

- THE AT LEAST ONE CHANNEL HAS AN UPPER INTERIOR
SURFACE AND A LOWER INTERIOR SURFACE.

PLACE A PHOTOMASK OVER THE AT LEAST ONE CHANNEL.

-THE PHOTOMASK INCLUDES A SERIES OF APERTURES ~604
FORMED THEREIN.

!

ILLUMINATE THE POLYMER PRECURSOR SOLUTION
THROUGH THE PHOTOMASK WITH LIGHT
AT A WAVELENGTH THAT ACTIVATES THE PHOTOINITIATOR.

- ACTIVATION OF THE PHOTOINITIATOR POLYMERIZES AT ~606
LEAST SOME OF THE POLYMER PRECURSOR SOLUTION
UNDERNEATH THE APERTURES IN THE PHOTOMASK
AND FORMS THREE-DIMENSIONAL POLYMER
STRUCTURES THAT EXTEND FROM THE UPPER
INTERIOR SURFACE TO THE LOWER INTERIOR SURFACE
OF THE AT LEAST ONE CHANNEL.

FIG. 6
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LOAD A POLYMER PRECURSOR SOLUTION INTO A FLOW CELL.

- THE POLYMER PRECURSOR SOLUTION INCLUDES BIOLOGICAL
CELLS OR COLONIES OF BIOLOGICAL CELLS CONTAINING
GENETIC MATERIAL, A MONOMER, A CROSSLINKER,

AND A PHOTOINITIATOR.

- THE FLOW CELL INCLUDES AT LEAST ONE CHANNEL  _ 702
FOR RECEIVING THE POLYMER PRECURSOR SOLUTION.

- THE AT LEAST ONE CHANNEL HAS AN UPPER
INTERIOR SURFACE AND A LOWER INTERIOR SURFACE,
AND WHEREIN PRIMERS ARE BOUND TO BOTH THE
UPPER AND LOWER INTERIOR SURFACES OF THE

AT LEAST ONE CHANNEL.

PLACE A PHOTOMASK OVER THE AT LEAST ONE CHANNEL. 70 4

- THE PHOTOMASK INCLUDES A SERIES OF APERTURES
FORMED THEREIN.

ILLUMINATE THE POLYMER PRECURSOR SOLUTION THROUGH
THE PHOTOMASK WITH LIGHT AT A WAVELENGTH THAT
ACTIVATES THE PHOTOINITIATOR.

- ACTIVATION OF THE PHOTOINITIATOR POLYMERIZES
THE POLYMER PRECURSOR SOLUTION UNDERNEATH [~ 706
THE APERTURES IN THE PHOTOMASK AND FORMS THREE-DIMENSIONAL
POLYMER STRUCTURES THAT EXTEND FROM THE UPPER INTERIOR
SURFACE TO THE LOWER INTERIOR SURFACE OF THE
AT LEAST ONE CHANNEL.

- THE BIOLOGICAL CELLS OR COLONIES OF BIOLOGICAL CELLS ARE
COMPARTMENTALIZED IN THE THREE-DIMENSIONAL
POLYMER STRUCTURES.

FIG. 7
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LOAD A HYDROGEL PRECURSOR SOLUTION INTO A FLOW CELL

- THE HYDROGEL PRECURSOR SOLUTION INCLUDES BIOLOGICAL CELLS OR COLONIES OF
BIOLOGICAL CELLS CONTAINING GENETIC MATERIAL, A MONOMER,
A CROSSLINKER, AND A PHOTOINITIATOR.
- THE FLOW CELL INCLUDES AT LEAST ONE CHANNEL FOR RECEIVING
THE POLYMER PRECURSOR SOLUTION.

- THE AT LEAST ONE CHANNEL HAS AN UPPER SURFACE AND A LOWER SURFACE.

- PRIMERS ARE BOUND TO BOTH THE UPPER AND LOWER SURFACES
OF THE AT LEAST ONE CHANNEL.

~802

'

PLACE A PHOTOMASK OVER THE AT LEAST ONE CHANNEL, WHEREIN THE
PHOTOMASK INCLUDES A SERIES OF APERTURES FORMED THEREIN.

~804

!

ILLUMINATE THE HYDROGEL PRECURSOR SOLUTION THROUGH THE PHOTOMASK
WITH LIGHT AT A WAVELENGTH THAT ACTIVATES THE PHOTOINITIATOR.

- ACTIVATION OF THE PHOTOINITIATOR POLYMERIZES THE HYDROGEL PRECURSOR
SOLUTION UNDERNEATH THE APERTURES IN THE PHOTOMASK AND FORMS THREE-DIMENSIONAL
HYDROGEL STRUCTURES THAT EXTEND FROM THE UPPER INTERIOR SURFACE

TO THE LOWER INTERIOR SURFACE OF THE AT LEAST ONE CHANNEL.

- THE BIOLOGICAL CELLS OR COLONIES OF BIOLOGICAL CELLS ARE
COMPARTMENTALIZED IN THE THREE-DIMENSIONAL HYDROGEL STRUCTURES.

~806

{

- DIFFUSING A LYSIS REAGENT INTO THE THREE-DIMENSIONAL HYDROGEL STRUCTURES.

- THE LYSIS REAGENT LYSES THE BIOLOGICAL CELLS AND RELEASES
THE GENETIC MATERIAL THEREFROM.

- THE GENETIC MATERIAL INCLUDES NUCLEIC ACID.

~808

'

FRAGMENT THE RELEASED NUCLEIC ACID TO FRAGMENT THE NUCLEIC
ACID AND LIGATE ADAPTERS TO THE ENDS OF THE FRAGMENTS.

~810

!

SEED THE NUCLEIC ACID FRAGMENTS ON THE UPPER AND LOWER SURFACES OF THE CHANNEL, BY:

INTRODUCING A DIFFUSION BARRIER INTO THE AT LEAST ONE CHANNEL L 81 4
TO PREVENT CROSS-CONTAMINATION BETWEEN HYDROGEL STRUCTURES

!

HEATING THE FLOW CELL TO A TEMPERATURE THAT CLEAVES THE L 81 6
HYDROGEL STRUCTURES AND RELEASES THE FRAGMENTED NUCLEIC ACID.

v

HYBRIDIZING THE NUCLEIC ACID FRAGMENTS TO THE PRIMERS ON THE UPPER | _ 81 8
AND LOWER INTERIOR SURFACES OF THE AT LEAST ONE CHANNEL.

'

WASHING THE CLEAVED HYDROGEL STRUCTURES OUT OF THE FLOW CELL. |~ 820

~812

!

CLONALLY AMPLIFY THE HYBRIDIZED NUCLEIC ACID
FRAGMENTS TO CREATE CLUSTERS FOR SEQUENCING.

~822

FIG. 8
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2500\

EMBED OLIGONUCLEOTIDES WITHIN THE PERMEABLE

THREE-DIMENSIONAL MATRIX. L2502

- THE OLIGONUCLEOTIDES FACILITATE CLONAL AMPLIFICATION
FROM NUCLEIC ACID FRAGMENTS.

INTRODUCING THE OLIGONUCLEOTIDE-CONTAINING PERMEABLE
THREE-DIMENSIONAL MATRIX INTO A FLOW CELL,
WHEREIN THE FLOW CELL INCLUDES AT LEAST ONE ~2504
CHANNEL FOR RECEIVING THE OLIGONUCLEOTIDE-CONTAINING
PERMEABLE THREE-DIMENSIONAL MATRIX

FIG. 30
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LOAD A POLYMER PRECURSOR SOLUTION INTO A FLOW CELL, WHEREIN THE
POLYMER PRECURSOR SOLUTION INCLUDES MONOMERS AND OLIGONUCLEOTIDES.

:

POLYMERIZE THE POLYMER PRECURSOR SOLUTION TO CREATE A PERMEABLE
THREE-DIMENSIONAL MATRIX WITHIN THE FLOW CELL.

'

DIFFUSE A SEQUENCING LIBRARY INTO THE PERMEABLE THREE-DIMENSIONAL 2606
POLYMER MATRIX, WHEREIN THE SEQUENCING LIBRARY INCLUDES [
NUCLEIC ACID FRAGMENTS.

'

DIFFUSE ENZYMES AND REAGENTS INTO THE PERMEABLE 2 6 0 8
THREE-DIMENSIONAL POLYMER MATRIX. [

:

HYBRIDIZE THE NUCLEIC ACID FRAGMENTS TO THE OLIGONUCLEOTIDES IN THE 2610
PERMEABLE THREE-DIMENSIONAL POLYMER MATRIX. [

'

CLONALLY AMPLIFY THE HYBRIDIZED NUCLEIC ACID FRAGMENTS TO CREATE
CLUSTERS FOR SEQUENCING WITHIN THE PERMEABLE
THREE-DIMENSIONAL POLYMER MATRIX.

~2602

~2604

~2612

y

SEQUENCE THE CLUSTERS WITHIN THE PERMEABLE 2614
THREE-DIMENSIONAL POLYMER MATRIX. [

!

OPTICALLY IMAGE THE SEQUENCED CLUSTERS WITHIN THREE-DIMENSIONAL MATRIX
IN MULTIPLE, DISCRETE TWO-DIMENSIONAL SLICES TO CHARACTERIZE THE
SEQUENCING LIBRARY, WHEREIN THE MULTIPLE, DISCRETE TWO-DIMENSIONAL  |~2676
SLICES REPRESENT THE ENTIRE THREE-DIMENSIONAL

INTERNAL VOLUME OF THE FLOW CELL.

FIG. 31
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LOAD A POLYMER PRECURSOR SOLUTION INTO A FLOW CELL, WHEREIN THE
POLYMER PRECURSOR SOLUTION INCLUDES MONOMER, CROSSLINKER, ~2702
PHOTOINITIATOR, AND OLIGONUCLEOTIDES.

:

POLYMERIZE THE POLYMER PRECURSOR SOLUTION USING ULTRAVIOLET LIGHT TO 2704
CREATE A PERMEABLE THREE-DIMENSIONAL MATRIX WITHIN THE FLOW CELL. [

'

DIFFUSE A SEQUENCING LIBRARY INTO THE PERMEABLE THREE-DIMENSIONAL
POLYMER MATRIX, WHEREIN THE SEQUENCING LIBRARY INCLUDES
NUCLEIC ACID FRAGMENTS.

~2706

i
DIFFUSE ENZYMES AND REAGENTS INTO THE PERMEABLE 2708
THREE-DIMENSIONAL POLYMER MATRIX. [

'

HYBRIDIZE THE NUCLEIC ACID FRAGMENTS TO THE OLIGONUCLEOTIDES IN THE 2710
PERMEABLE THREE-DIMENSIONAL POLYMER MATRIX. [

!

CLONALLY AMPLIFY THE HYBRIDIZED NUCLEIC ACID FRAGMENTS TO CREATE

CLUSTERS FOR SEQUENCING WITHIN THE PERMEABLE ~2712
THREE-DIMENSIONAL POLYMER MATRIX.
SEQUENCE THE CLUSTERS WITHIN THE PERMEABLE 2714

THREE-DIMENSIONAL POLYMER MATRIX.

'

USE A CONFOCAL MICROSCOPE OR A LIGHT-SHEET ILLUMINATION MICROSCOPE
TO IMAGE THE SEQUENCED CLUSTERS WITHIN THREE-DIMENSIONAL MATRIX
IN MULTIPLE, DISCRETE TWO-DIMENSIONAL SLICES TO CHARACTERIZE THE 2716
SEQUENCING LIBRARY, WHEREIN THE MULTIPLE, DISCRETE TWO-DIMENSIONAL
SLICES REPRESENT THE ENTIRE THREE-DIMENSIONAL
INTERNAL VOLUME OF THE FLOW CELL.

FIG. 32
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1500\

LOAD A POLYMER PRECURSOR SOLUTION INTO A FLOW CELL.
- THE POLYMER PRECURSOR SOLUTION INCLUDES A MONOMER, A CROSSLINKER,
A PHOTOINITIATOR, AND FUNCTIONALIZED POLYMER SUCH AS,

FOR EXAMPLE, PAZAM CONTAINING AZIDE MOIETIES,

- THE FLOW CELL INCLUDES AT LEAST ONE CHANNEL FOR RECEIVING THE [~ 1502
POLYMER PRECURSOR SOLUTION,
- THE AT LEAST ONE CHANNEL HAS AN UPPER INTERIOR SURFACE AND A LOWER
INTERIOR SURFACE.

|

PLACE APHOTOMASK OVER AT LEAST ONE CHANNEL. 1504
- THE PHOTOMASK INCLUDES A SERIES OF APERTURES FORMED THEREIN. ~15

|

ILLUMIATE THE POLYMER PRECURSOR SOLUTION THROUGH THE PHOTOMASK
WITH LIGHT AT A WAVELENGTH THAT ACTIVATES THE PHOTOINITIATOR.

- ACTIVATION OF THE PHOTOINITIATOR POLYMERIZES THE POLYMER L1506
PRECURSOR SOLUTION UNDERNEATH THE APERTURES IN THE PHOTOMASK AND
FORMS THREE-DIMENSIONAL POLYMER STRUCTURES EXTENDING FROM THE
UPPER INTERIOR SURFACE TO THE LOWER INTERIOR SURFACE
OF THE AT LEAST ONE CHANNEL.

FIG. 44
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LOAD A POLYMER PRECURSOR SOLUTION INTO A FLOW CELL.
- THE POLYMER PRECURSOR SOLUTION INCLUDES AMONOMER, A CROSSLINKER,
A PHOTOINITIATOR, AND PAZAM CONTAINING AZIDE MOIETIES.
- THE FLOW CELL INCLUDES AT LEAST ONE CHANNEL FOR RECEIVING THE ~1602
POLYMER PRECURSOR SOLUTION.
- THE AT LEAST ONE CHANNEL HAS AN UPPER SURFACE AND A LOWER SURFACE.

|

PLACE APHOTOMASK OVER AT LEAST ONE CHANNEL. 1604
- THE PHOTOMASK INCLUDES A SERIES OF APERTURES FORMED THEREIN. [

|

ILLUMIATE THE POLYMER PRECURSOR SOLUTION THROUGH THE PHOTOMASK
WITH LIGHT AT A WAVELENGTH THAT ACTIVATES THE PHOTOINITIATOR.

- ACTIVATION OF THE PHOTOINITIATOR POLYMERIZES THE POLYMER —1606
PRECURSOR SOLUTION UNDERNEATH THE APERTURES IN THE PHOTOMASK AND
FORMS THREE-DIMENSIONAL POLYMER STRUCTURES EXTENDING FROM THE
UPPER INTERIOR SURFACE TO THE LOWER INTERIOR SURFACE
OF THE AT LEAST ONE CHANNEL.

:

REACTING A BIOTIN-PEG-ALKYNE COMPLEX WITH THE AZIDE MOIETIES
IN THE PAZAM IN THE THREE-DIMENSIONAL POLYMER STRUCTURES 1608
USING CLICK CHEMISTRY.

'

BINDING STREPTAVIDIN TO THE BOITIN IN THE BIOTIN-PEG-ALKYNE COMPLEX.  (~167(

:

BIND BIOTINYLATED CAPTURE OLIGONUCLEOTIDES TO THE STREPTAVIDIN.
- THE BIOTINYLATED CAPTURE OLIGONUCLEOTIDES ARE SPECIFIC FOR TARGET (~16712
MOLECULES OF INTEREST IN A SEQUENCING LIBRARY.

FIG. 45
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LOAD A POLYMER PRECURSOR SOLUTION INTO A FLOW CELL.
- THE POLYMER PRECURSOR SOLUTION INCLUDES A MONOMER, A CROSSLINKER,
APHOTOINITIATOR, A STREPTAVIDIN-LABELED ACRYLAMIDE MONOMER.
- THE FLOW CELL INCLUDES AT LEAST ONE CHANNEL FOR RECEIVING THE — 1702
POLYMER PRECURSOR SOLUTION.
- THE AT LEAST ONE CHANNEL HAS AN UPPER SURFACE AND A LOWER SURFACE.

I

PLACE APHOTOMASK OVER AT LEAST ONE CHANNEL. 1704
- THE PHOTOMASK INCLUDES A SERIES OF APERTURES FORMED THEREIN. [

:

ILLUMIATE THE POLYMER PRECURSOR SOLUTION THROUGH THE PHOTOMASK
WITH LIGHT AT A WAVELENGTH THAT ACTIVATES THE PHOTOINITIATOR.

- ACTIVATION OF THE PHOTOINITIATOR POLYMERIZES THE POLYMER L_1706
PRECURSOR SOLUTION UNDERNEATH THE APERTURES IN THE PHOTOMASK AND
FORMS THREE-DIMENSIONAL POLYMER STRUCTURES EXTENDING FROM THE
UPPER INTERIOR SURFACE TO THE LOWER INTERIOR SURFACE
OF THE AT LEAST ONE CHANNEL.

'

BIND BIOTINYLATED CAPTURE OLIGONUCLEOTIDES TO THE STREPTAVIDIN IN
THE THREE-DIMENSIONAL POLYMER STRUCTURES.

- THE BIOTINYLATED CAPTURE OLIGONUCLEOTIDES ARE SPECIFIC FOR TARGET |~ 1708

MOLECULES OF INTEREST IN A SEQUENCING LIBRARY AND BIND THERETO.

:

ELUTE THE BOUND TARGET MOLECULES AND SEED THE ELUTED TARGET MOLECULES 1710
ON THE SURFACES OF THE FLOW CELL HAVING OLIGONUCLEOTIDES BOUND THERETO. [

FIG. 46



