(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date
20 June 2024 (20.06.2024)

(10) International Publication Number

WO 2024/130126 A2

WIPO I PCT

(51) International Patent Classification:
B01J 19/00 (2006.01) C21Q 1/6806 (2006.01)

(21) International Application Number:
PCT/US2023/084301

(22) International Filing Date:
15 December 2023 (15.12.2023)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
63/387,874 16 December 2022 (16.12.2022) US

(71) Applicant: ILLUMINA, INC. [US/US]; 5200 [llumina
Way, San Diego, California 92122 (US).

(72) Inventors: BASUKI, Johan Sebastian; 5200 I[llumina
Way, San Diego, California 92122 (US). DILL, Tyler J.;
5200 MMumina Way, San Diego, California 92122 (US).
FULLERTON, Justin; 5200 [lumina Way, San Diego,
California 92122 (US). GHONGE, Tanmay; 5200 Illumi-
na Way, San Diego, California 92122 (US). MATHER,
Brian D.; 5200 [llumina Way, San Diego, California 92122

(US). WEI, Wei; 5200 Ilumina Way, San Diego, California
92122 (US).

(74) Agent: DIERKER, Julia Church; 3331 W. Big Beaver

Road, Suite 109, Troy, Michigan 48084 (US).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,

(54) Title: FLOW CELLS

FIG. 1A

148
- \ U3
2 -

Q

~

12

..(M. /

/ J—C /
18\/‘;{ / " 4 //’/
AR

¢
\\ //~
\\\-_ //

160r28

FIG. 1C

B\

NN
——

160r28 2%

FIG. 1B

w0 2024/130126 A2 |0 00000 KOO0 O

(57) Abstract: An example of a flow cell includes a substrate; a plurality of reactive regions spatially separated from one another
across the substrate; and a plurality of independently removable coatings respectively positioned over each of the plurality of reactive
regions. Each of the plurality of reactive regions includes a polymeric hydrogel layer; and a reactive entity attached to the polymeric
hydrogel layer.
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FLOW CELLS

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Application
Serial Number 63/387,874, filed December 16, 2022, the contents of which are

incorporated by reference herein in its entirety.

REFERENCE TO SEQUENCE LISTING
[0002] The Sequence Listing submitted herewith is hereby incorporated by
reference in its entirety. The name of the file is ILI251BPCT_IP-2395-
PCT_sequence_listing.xml, the size of the file is 17,870 bytes, and the date of
creation of the file is December 8, 2023.

BACKGROUND
[0003] Some biological and/or chemical vessels, such as assay plates and
flow cells, include designated reaction areas, where surface chemistry that enables
a desired interaction or reaction is localized. When a reactive species is introduced
into the vessel, the reactive species interacts or reacts with the surface chemistry to
create a detectable signal (e.g., an electrical signal or an optical signal). Many
vessels are configured with multiple reaction areas in fluid communication with a
single flow channel. In these vessels, a single sample may be introduced into the
flow channel and its associated reaction areas, or multiple samples may be pooled

and introduced into the flow channel and its associated reaction areas.

SUMMARY
[0004] The biological and/or chemical vessels disclosed herein include a
plurality of reactive regions spatially separated from one another across a
substrate. These reactive regions include respective reactive entities that may be
the same or different.
[0005] In some examples, each reactive region is coated with an
independently removable coating. These coatings enable random access to the

reactive regions. For example, one or more coatings may be removed while one or
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more other coatings remain intact. The reactive region(s) exposed by coating
removal become active and able to participate in the designated reaction. The
reactive region(s) having its/their coating intact remain passivated or protected, and
thus remain inactive.

[00086] In other examples, each reactive region is independently electrically
addressable. The independent electrical addressability enables a conductive fluid
to be directed to a particular reactive region, while other reactive regions remain
free of the fluid. Controlled fluid exposure enables the designated reaction to take

place at a particular reactive region. Non-exposed reactive regions remain inactive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Features of examples of the present disclosure will become apparent
by reference to the following detailed description and drawings, in which like
reference numerals correspond to similar, though perhaps not identical,
components. For the sake of brevity, reference numerals or features having a
previously described function may or may not be described in connection with other
drawings in which they appear.
[0008] Fig. 1A is a top view of a flow cell;
[0009] Fig. 1B is a partially cross-sectional, partially perspective, and semi-
schematic view of an example architecture of the flow cell of Fig. 1A;
[0010] Fig. 1C is a partially cross-sectional, partially perspective, and semi-
schematic view of another example architecture of the flow cell of Fig. 1A;
[0011] Fig. 2A is a schematic cross-sectional view of reactive areas defined
in depressions and coated with different removable coatings;
[0012] Fig. 2B is a schematic cross-sectional view of reactive areas defined
in depressions and coated with different removable coatings, some of which include
multiple sub-layers;
[0013] Fig. 2C is a schematic cross-sectional view of reactive areas defined
in depressions and coated with the same removable coating having different
thicknesses;
[0014] Fig. 3A is a schematic cross-sectional view of reactive areas defined

on protrusions and coated with different removable coatings;
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[0015] Fig. 3B is a schematic cross-sectional view of reactive areas defined
on protrusions and coated with different removable coatings, some of which include
multiple sub-layers;
[0016] Fig. 3C is a schematic cross-sectional view of reactive areas defined
on protrusions and coated with the same removable coating having different
thicknesses;
[0017] Fig. 3D is a schematic cross-sectional view of reactive areas defined
on protrusions and coated with a single removable coating having a step-wise
thickness gradient;
[0018] Fig. 3E is a schematic cross-sectional view of reactive areas defined
on protrusions and coated with a single removable coating having a linear
thickness gradient;
[0019] Fig. 4 schematically illustrates two example methods (A.-E. or A., B.,
F., G., E.) using the photo-cleavable protective layer, where:

A. illustrates the exposure of one of the photo-cleavable protective
layers to light, B. illustrates the introduction of a first library template strand, C.
illustrates the seeding of the first library template strand and the exposure of the
other of the photo-cleavable protective layers to light, D. illustrates the introduction
of a second library template strand, E. illustrates the amplified template strands;
and

A. illustrates the exposure of one of the photo-cleavable protective
layers to light, B. illustrates the introduction of a first library template strand, F.
illustrates the seeding and amplification of the first library template strand, and the
exposure of the other of the photo-cleavable protective layers to light, D. illustrates
the introduction of a second library template strand, E. illustrates the amplified
template strands;
[0020] Fig. 5 is a schematic illustration of a digital fluidics system;
[0021] Fig. 6A is a top view of a resin layer of a digital fluidics cartridge
patterned with three different reactive regions;
[0022] Fig. 6B is a top view of an array of individually addressable control
electrodes of an instrument;
[0023] Fig. 6C is a top view illustrating the resin layer of Fig. 6A overlaid on

the array of individually addressable control electrodes of Fig. 6B;
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[0024] Fig. 7A is a chemical structure of one example of the photo-cleavable
protective layer,;
[0025] Fig. 7B is a chemical structure of another example of the photo-

cleavable protective layer and a reaction involving the photo-cleavable protective
layer;

[0026] Fig. 8A is a chemical structure of yet another example of the photo-
cleavable protective layer; and

[0027] Fig. 8B is a chemical structure of still another example of the photo-

cleavable protective layer and a reaction involving the photo-cleavable protective

layer.
[0028] Definitions
[0029] It is to be understood that terms used herein will take on their ordinary

meaning in the relevant art unless specified otherwise. Several terms used herein
and their meanings are set forth below.

[0030] The singular forms “a”, “an”, and “the” include plural referents unless
the context clearly dictates otherwise.

[0031] The terms comprising, including, containing and various forms of
these terms are synonymous with each other and are meant to be equally broad.
[0032] The terms top, bottom, lower, upper, on, etc. are used herein to
describe the flow cell and/or the various components of the flow cell. It is to be
understood that these directional terms are not meant to imply a specific
orientation, but are used to designate relative orientation between components.
The use of directional terms should not be interpreted to limit the examples
disclosed herein to any specific orientation(s).

[0033] The terms first, second, etc. also are not meant to imply a specific
orientation or order, but rather are used to distinguish one component from another.
[0034] It is to be understood that the ranges provided herein include the
stated range and any value or sub-range within the stated range, as if such values
or sub-ranges were explicitly recited. For example, a range of about 400 nm to
about 1 um (1000 nm), should be interpreted to include not only the explicitly
recited limits of about 400 nm to about 1 um, but also to include individual values,

such as about 708 nm, about 945.5 nm, etc., and sub-ranges, such as from about
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425 nm to about 825 nm, from about 550 nm to about 940 nm, etc. Furthermore,
when “about’ and/or “substantially” are/is utilized to describe a value, they are
meant to encompass minor variations (up to +/- 10%) from the stated value.
[0035] An “acrylamide monomer” is a monomer with the structure

0O

sk

monomer including an acrylamide group include azido acetamido pentyl

OY\ Nj

NH

NH; or a monomer including an acrylamide group. Examples of the

NH
Oj/
acrylamide: v and N-isopropylacrylamide:
e N CHg
H . Other acrylamide monomers may be used.
[0036] The term “activation,” as used herein, refers to a process that

generates reactive groups at the surface of a substrate. Activation may be
accomplished using silanization or plasma ashing. While the figures do not depict
a separate silanized layer or hydroxyl (—-OH groups) from plasma ashing, it is to be
understood that activation generates a silanized layer or —OH groups at the surface
of the activated support or layer to covalently attach the functionalized layers to the
underlying support or layer.
[0037] An aldehyde, as used herein, is an organic compound containing a
functional group with the structure —-CHO, which includes a carbonyl center (i.e., a
carbon double-bonded to oxygen) with the carbon atom also bonded to hydrogen
and an R group, such as an alkyl or other side chain. The general structure of an
O
i

~,

aldehydeis: R~ H.
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[0038] As used herein, “alkyl’ refers to a straight or branched hydrocarbon
chain that is fully saturated (i.e., contains no double or triple bonds). The alkyl
group may have 1 to 20 carbon atoms. Example alkyl groups include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tertiary butyl, pentyl, hexyl, and the like. As an
example, the designation “C1-4 alkyl” indicates that there are one to four carbon
atoms in the alkyl chain, i.e., the alkyl chain is selected from the group consisting of
methyl, ethyl, propyl, iso-propyl, n-butyl, isobutyl, sec-butyl, and t-butyl.

[0039] As used herein, “alkenyl” refers to a straight or branched hydrocarbon
chain containing one or more double bonds. The alkenyl group may have 2 to 20
carbon atoms. Example alkenyl groups include ethenyl, propenyl, butenyl,
pentenyl, hexenyl, and the like.

[0040] As used herein, “alkyne” or “alkynyl” refers to a straight or branched
hydrocarbon chain containing one or more triple bonds. The alkynyl group may
have 2 to 20 carbon atoms.

[0041] As used herein, “aryl” refers to an aromatic ring or ring system (i.e.,
two or more fused rings that share two adjacent carbon atoms) containing only
carbon in the ring backbone. When the aryl is a ring system, every ring in the
system is aromatic. The aryl group may have 6 to 18 carbon atoms. Examples of
aryl groups include phenyl, naphthyl, azulenyl, and anthracenyl.

[0042] An “amine” or “amino” functional group refers to an -NR,Rp group,

where R, and Ry, are each independently selected from hydrogen (e.g.,\JNH2),
C1-6 (or C1-C8) alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7 carbocycle, C6-10 aryl, 5-
10 membered heteroaryl, and 5-10 membered heterocyclyl, as defined herein.
[0043] As used herein, the term “attached” refers to the state of two things
being joined, fastened, adhered, connected or bound to each other, either directly
or indirectly. For example, a nucleic acid can be attached to a polymeric hydrogel
layer by a covalent or non-covalent bond. A covalent bond is characterized by the
sharing of pairs of electrons between atoms. A non-covalent bond is a physical
bond that does not involve the sharing of pairs of electrons and can include, for
example, hydrogen bonds, ionic bonds, van der Waals forces, hydrophilic
interactions and hydrophobic interactions.

[0044] An “azide” or “azido” functional group refers to -Ns.
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[0045] As used herein, a “bonding region” refers to an area of a patterned
structure that is to be bonded to another material, which may be, as examples, a
spacer layer, a lid, another patterned structure, etc., or combinations thereof (e.g.,
a spacer layer and a lid, or a spacer layer and another patterned structure). The
bond that is formed at the bonding region may be a chemical bond, or a mechanical
bond (e.g., using a fastener, etc.).

[0046] As used herein, “carbocycle” means a non-aromatic cyclic ring or ring
system containing only carbon atoms in the ring system backbone. When the
carbocycle is a ring system, two or more rings may be joined together in a fused,
bridged or spiro-connected fashion. Carbocycles may have any degree of
saturation, provided that at least one ring in a ring system is not aromatic. Thus,
carbocycles include cycloalkyls, cycloalkenyls, and cycloalkynyls. The carbocycle
group may have 3 to 20 carbon atoms. Examples of carbocycle rings include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl, 2,3-dihydro-indene,

bicyclo[2.2.2]octanyl, adamantyl, and spiro[ 4.4]nonanyl.

[0047] As used herein, the term “carboxylic acid” or “carboxyl” as used
herein refers to -COOH.
[0048] As used herein, “cycloalkylene” means a fully saturated carbocycle

ring or ring system that is attached to the rest of the molecule via two points of
attachment.

[0049] As used herein, “cycloalkenyl” or “cycloalkene” means a carbocycle
ring or ring system having at least one double bond, wherein no ring in the ring
system is aromatic. Examples include cyclohexenyl or cyclohexene and
norbornenyl or norbornene. Also as used herein, “heterocycloalkenyl” or
“heterocycloalkene” means a carbocycle ring or ring system with at least one
heteroatom in ring backbone, having at least one double bond, wherein no ring in
the ring system is aromatic.

[0050] As used herein, “cycloalkynyl” or “cycloalkyne” means a carbocycle
ring or ring system having at least one triple bond, wherein no ring in the ring
system is aromatic. An example is cyclooctyne. Another example is
bicyclononyne. Also as used herein, “heterocycloalkynyl” or “heterocycloalkyne”

means a carbocycle ring or ring system with at least one heteroatom in ring
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backbone, having at least one triple bond, wherein no ring in the ring system is
aromatic.

[0051] The term “depositing,” as used herein, refers to any suitable
application technique, which may be manual or automated, and, in some instances,
results in modification of the surface properties. Generally, depositing may be
performed using vapor deposition techniques, coating techniques, grafting
techniques, or the like. Some specific examples include chemical vapor deposition
(CVD), spray coating (e.qg., ultrasonic spray coating), spin coating, dunk or dip
coating, doctor blade coating, puddle dispensing, flow through coating, aerosol
printing, screen printing, microcontact printing, inkjet printing, or the like.

[0052] As used herein, the term “depression” refers to a discrete concave
feature, defined in a substrate, and having a surface opening that is at least
partially surrounded by interstitial region(s) of the substrate. Depressions can have
any of a variety of shapes at their opening in a surface including, as examples,
round, elliptical, square, polygonal, star shaped (with any number of vertices), etc.
The cross-section of a depression taken orthogonally with the surface can be
curved, square, polygonal, hyperbolic, conical, angular, etc.

[0053] The term “each,” when used in reference to a collection of items, is
intended to identify an individual item in the collection, but does not necessarily
refer to every item in the collection. Exceptions can occur if explicit disclosure or
context clearly dictates otherwise.

[0054] The term “epoxy” (also referred to as a glycidyl or oxirane group) as

Q
T
used herein refers to “’{Q or .

[0055] As used herein, the term “flow cell” is intended to mean a vessel
having a flow channel where a reaction can be carried out, an inlet for delivering
reagent(s) to the flow channel, and an outlet for removing reagent(s) from the flow
channel. In some examples, the flow cell accommodates the detection of the
reaction that occurs in the flow cell. For example, the flow cell can include one or
more transparent surfaces allowing for the optical detection of arrays, optically
labeled molecules, or the like.

[0056] As used herein, a “flow channel” or “channel” may be an area defined

between two bonded components or an area defined in a patterned structure that is



WO 2024/130126 PCT/US2023/084301

9

open to an external environment, either of which can selectively receive a liquid
sample. In some examples, the flow channel may be defined between two
patterned structures, and thus may be in fluid communication with surface
chemistry of each of the patterned structures. In other examples, the flow channel
may be defined between a patterned structure and a lid, and thus may be in fluid
communication with surface chemistry of the one patterned structure. In still other
examples, the flow channel may be defined in a substrate of a patterned structure
such that it is open to an external environment.

[0057] As used herein, “heteroaryl” refers to an aromatic ring or ring system
(i.e., two or more fused rings that share two adjacent atoms) that contain(s) one or
more heteroatoms, that is, an element other than carbon, including but not limited
to, nitrogen, oxygen and sulfur, in the ring backbone. When the heteroaryl is a ring
system, every ring in the system is aromatic. The heteroaryl group may have 5-18
ring members.

[0058] As used herein, “heterocycle” means a non-aromatic cyclic ring or
ring system containing at least one heteroatom in the ring backbone. Heterocycles
may be joined together in a fused, bridged or spiro-connected fashion.
Heterocycles may have any degree of saturation provided that at least one ring in
the ring system is not aromatic. In the ring system, the heteroatom(s) may be
present in either a non-aromatic or aromatic ring. The heterocycle group may have
3 to 20 ring members (i.e., the number of atoms making up the ring backbone,
including carbon atoms and heteroatoms). In some examples, the heteroatom(s)
are O, N, or S.

[0059] The term “hydrazine” or “hydrazinyl” as used herein refers to a -
NHNH, group.
[0060] As used herein, the term “hydrazone” or “hydrazonyl” as used herein
°\
,_/\\
Ry~ h R
refers to a group, in which R, and R, are each independently

selected from hydrogen, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7 carbocycle,
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C6-10 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocycle, as
defined herein.
[0061] As used herein, “hydroxy” or “hydroxyl” refers to an —OH group.
[0062] As used herein, the term “interstitial region” refers to an area, e.g., of
a substrate that separates depressions or protrusions. For example, an interstitial
region can separate one depression or protrusion of an array from another
depression or protrusion of the array. The two depressions or protrusions that are
separated from each other can be discrete, i.e., lacking physical contact with each
other. In many examples, the interstitial region is continuous, whereas the
depressions or protrusions are discrete, for example, as is the case for a plurality of
depressions defined in an otherwise continuous surface or a plurality of protrusions
defined on an otherwise continuous surface. Interstitial regions may have a surface
material that differs from the surface material of the depressions or protrusions.
For example, depressions can have a polymeric hydrogel layer and primers therein,
and the interstitial regions can be free of the polymeric hydrogel layer and primers.
[0063] “Nitrile oxide,” as used herein, means a “R,C=N*O" group in which R,
is defined herein. Examples of preparing nitrile oxide include in situ generation
from aldoximes by treatment with chloramide-T or through action of base on imidoyl
chlorides [RC(CI)=NOH] or from the reaction between hydroxylamine and an
aldehyde.
3 -
R\W{D

C
group in which R’

[0064] “Nitrone,” as used herein, means a R’
R?, and R® may be any of the R, and Ry, groups defined herein, except that R” is
not hydrogen (H).

[0065] As used herein, a “nucleotide” includes a nitrogen containing
heterocyclic base, a sugar, and one or more phosphate groups. Nucleotides are
monomeric units of a nucleic acid sequence. In RNA, the sugar is a ribose, and in
DNA, the sugar is a deoxyribose, i.e. a sugar lacking a hydroxyl group that is
present at the 2' position in ribose. The nitrogen containing heterocyclic base (i.e.,
nucleobase) can be a purine base or a pyrimidine base. Purine bases include

adenine (A) and guanine (G), and modified derivatives or analogs thereof.
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Pyrimidine bases include cytosine (C), thymine (T), and uracil (U), and modified
derivatives or analogs thereof. The C-1 atom of deoxyribose is bonded to N-1 of a
pyrimidine or N-9 of a purine. A nucleic acid analog may have any of the
phosphate backbone, the sugar, or the nucleobase altered. Examples of nucleic
acid analogs include, for example, universal bases or phosphate-sugar backbone
analogs, such as peptide nucleic acid (PNA).

[0066] In some examples, the term *“over’ may mean that one component or
material is positioned directly on another component or material. When one is
directly on another, the two are in contact with each other.

[0067] In other examples, the term “over” may mean that one component or
material is positioned indirectly on another component or material. By indirectly on,
it is meant that a gap or an additional component or material may be positioned
between the two components or materials.

[0068] A “patterned structure” refers to a substrate that includes surface
chemistry in a pattern, e.g., in depressions or as protrusions, across the substrate.
The surface chemistry may include a polymeric hydrogel layer and primers (e.g.,
used for library template capture and amplification). In some examples, the
substrate has been exposed to patterning techniques (e.g., etching, lithography,
etc.) in order to generate the pattern for the surface chemistry. However, the term
“patterned structure” is not intended to imply that such patterning techniques have
to be used to generate the pattern. The patterned structure may be generated via
any of the methods disclosed herein.

[0069] As used herein, the term “polyhedral oligomeric silsesquioxane” refers
to a chemical composition that is a hybrid intermediate (e.g., RSiO; s) between that
of silica (SiO;) and silicone (R,SiO). An example of polyhedral oligomeric
silsesquioxane may be that described in Kehagias et al., Microelectronic
Engineering 86 (2009), pp. 776-778, which is incorporated by reference in its
entirety. In an example, the composition is an organosilicon compound with the
chemical formula [RSiOs2],,, where the R groups can be the same or different.
Example R groups for polyhedral oligomeric silsesquioxane include epoxy,
azide/azido, a thiol, a poly(ethylene glycol), a norbornene, a tetrazine, acrylates,
and/or methacrylates, or further, for example, alkyl, aryl, alkoxy, and/or haloalkyl

groups.
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[0070] As used herein, a “polymeric hydrogel layer” refers to a gel material
that is applied over at least a portion of a substrate. The gel material includes
functional group(s) that can attach to primer(s). The polymeric hydrogel layer may
be positioned within a portion of a depression defined in the substrate, or may
define a protrusion on a substrate.

[0071] As used herein, the “primer” is defined as a single stranded nucleic
acid sequence (e.g., single strand DNA). Some primers, referred to herein as
amplification primers, serve as a starting point for template amplification and cluster
generation. Other primers, referred to herein as sequencing primers, serve as a
starting point for DNA synthesis. The 5’ terminus of the primer may be modified to
allow a coupling reaction with a functional group of a polymer. The primer length
can be any number of bases long and can include a variety of non-natural
nucleotides. In an example, the sequencing primer is a short strand, ranging from
10 to 60 bases, or from 20 to 40 bases.

[0072] As used herein, the term “protrusion” refers to a discrete convex
feature defined on a substrate and surrounded by interstitial region(s) of the
substrate. Protrusions can have any of a variety of shapes at their opening in a
surface including, as examples, round, elliptical, square, polygonal, star shaped
(with any number of vertices), etc. The cross-section of a protrusion taken
orthogonally with the surface can be curved, square, polygonal, hyperbolic, conical,
angular, etc.

[0073] As used herein, the term “reactive entity” refers to the flow cell
surface chemistry that enables a desired interaction or reaction. As examples, the
reactive entity may be a primer that serves as a starting point for template
amplification and cluster generation or an enzyme tag, or a transposome used in
tagmentation, or reactive functional groups, such as dibenzocyclooctyne (DBCO),
strained alkynes or azides, and biotin.

[0074] A “reactive region,” as used herein, refers to the discrete area on orin
the substrate that includes the polymeric hydrogel and the reactive entity.

[0075] A ‘removable coating” is a layer that is positioned over the reactive
region and that can be removed from the reactive region without deleteriously

affecting the polymeric hydrogel layer of the reactive entity of the reactive region.
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“Independently removable coatings” are susceptible to different removers such that
the remover for type of coating does not remove a different type of coating.

[0076] A “remover’ is a material or mechanism that is capable of removing a
removable coating.

[0077] A “spacer layer,” as used herein refers to a material that bonds two
components together. In some examples, the spacer layer can be a radiation
absorbing material that aids in bonding, or can be put into contact with a radiation
absorbing material that aids in bonding.

[0078] The term “substrate” refers to the single layer base support or a multi-
layer structure upon which the reactive regions are introduced.

[0079] A “thiol” functional group refers to -SH.

[0080] As used herein, the terms “tetrazine” and “tetrazinyl” refer to six-
membered heteroaryl group comprising four nitrogen atoms. Tetrazine can be
optionally substituted.

[0081] “Tetrazole,” as used herein, refer to five-membered heterocyclic

group including four nitrogen atoms. Tetrazole can be optionally substituted.

[0082] Flow Cells

[0083] Examples of the flow cell disclosed herein generally include a
substrate; a plurality of reactive regions spatially separated from one another
across the substrate, each of the plurality of reactive regions including: a polymeric
hydrogel layer and a reactive entity attached to the polymeric hydrogel layer; and a
plurality of independently removable coatings respectively positioned over each of
the plurality of reactive regions.

[0084] A top view of a flow cell 10 is shown in Fig. 1A, and different
examples of the architecture within a flow channel 12 of the flow cell 10 are shown
in Fig. 1B and Fig. 1C. Each of the architectures may include one patterned
structure 14A or 14B bonded to a lid (not shown) or two patterned structures (the
second of which is not shown) bonded together. In still other architectures, the
patterned structure 14A, 14B is an open wafer, and thus is not bonded to either a
lid or another patterned structure.

[0085] In some examples, the flow channel 12 is defined between the one

patterned structure 14A or 14B and the lid or the second patterned structure, which
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are bonded together via a spacer layer (not shown). Thus, in these examples,
each flow channel 12 is defined by the patterned structure 14A or 14B, the spacer
layer, and either the lid or the second patterned structure. In other examples, the
patterned structure 14A or 14B may include sidewalls at the perimeter (e.g., at the
bonding region 20) that extend above the interstitial regions 30 to create an open
flow channel 12.

[0086] The example flow cell 10 shown in Fig. 1A includes eight flow
channels 12. While eight flow channels 12 are shown, it is to be understood that
any number of flow channels 12 may be included in the flow cell 10 (e.g., a single
flow channel 12, four flow channels 12, etc.). When multiple flow channels 12 are
included, each flow channel 12 may be isolated from another flow channel 12 so
that fluid introduced into a flow channel 12 does not flow into adjacent flow
channel(s) 12.

[0087] Each flow channel 12 is in fluid communication with an inlet and an
outlet (not shown). The inlet and outlet of each flow channel 12 may be positioned
at opposed ends of the flow cell 10. The inlets and outlets of the respective flow
channels 12 may alternatively be positioned anywhere along the length and width
of the flow channel 12 that enables desirable fluid flow.

[0088] The inlet allows fluids to be introduced into the flow channel 12, and
the outlet allows fluid to be extracted from the flow channel 12. Each of the inlets
and outlets is fluidly connected to a fluidic control system (including, e.g.,
reservoirs, pumps, valves, waste containers, and the like) which controls fluid
introduction and expulsion. Some examples of the fluids introduced into the flow
channel 12 may introduce reaction components (e.g., DNA sample, polymerases,
sequencing primers, nucleotides, etc.), washing solutions, deblocking agents, etc.
[0089] The flow channel 12 may have any desirable shape. In an example,
the flow channel 12 has a substantially rectangular configuration with curved ends
(as shown in Fig. 1A). The length of the flow channel 12 depends, in part, upon the
size of the substrate (e.g., 16 or 18, see Fig. 1B and Fig. 1C) used to form the
patterned structure 14A or 14B. The width of the flow channel 12 depends, in part,
upon the size of the substrate 16 or 18 used to form the patterned structure 14A,
14B, the desired number of flow channels 12, the desired space between adjacent

channels 12, and the desired space at a perimeter of the patterned structure 14A or
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14B. The spaces between channels 12 and at the perimeter may be sufficient for
attachment to a lid (not shown) or another patterned structure (also not shown).
[0090] The depth of the flow channel 12 can be as small as a monolayer
thick when microcontact, aerosol, or inkjet printing is used to deposit a separate
material (e.g., the spacer layer (not shown)) that defines at least a portion of the
sidewalls of the flow channel 12. For other examples, the depth of the flow channel
12 can be about 1 um, about 10 um, about 50 ym, about 100 um, or more. In an
example, the depth may range from about 10 um to about 100 um. In another
example, the depth may range from about 10 um to about 30 um. In still another
example, the depth is about 5 um or less. It is to be understood that the depth of
the flow channel 12 may be greater than, less than or between the values specified
above.

[0091] The spacer layer used to attach the patterned structure 14A, 14B and
the lid or the second patterned structure may be any material that will seal portions
of the patterned structure 14A, 14B and the lid or the second patterned structure.
As examples, the spacer layer may be an adhesive, a radiation-absorbing material
that aids in bonding, or the like. In some examples, the spacer layer is the
radiation-absorbing material, e.g., KAPTON® black.

[0092] The patterned structure 14A, 14B and the lid or the second patterned
structure may be bonded using any suitable technique, such as laser bonding,
diffusion bonding, anodic bonding, eutectic bonding, plasma activation bonding,
glass frit bonding, or others methods known in the art.

[0093] When used, the lid may be any material that is transparent to the
excitation light that is directed toward the flow cell 10. In optical detection systems,
the lid may also be transparent to the emissions generated from reaction(s) taking
place in the flow cell 10. As examples, the lid may include glass (e.g., borosilicate,
fused silica, etc.) or a transparent polymer. A commercially available example of a
suitable borosilicate glass is D 263®, available from Schott North America Inc.
Commercially available examples of suitable polymer materials, namely cyclo olefin
polymers, are the ZEONOR® products available from Zeon Chemicals L.P. In
some instances, the lid is shaped to form the top of the flow cell 10, and in other
instances, the lid is shaped to form both the top of the flow cell as well as sidewalls

the flow channel 12.
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[0094] The patterned structure 14A, 14B includes a bonding region 20 where
it can be sealed to the lid or to the second patterned structure. The bonding region
20 may be located at the perimeter of each flow channel 12 (as shown in Fig. 1B
and Fig. 1C) and at the perimeter of the flow cell 10. This region 20 may function
as the perimeter of the open wafer version of the patterned structure 14A, 14B.
[0095] The patterned structure 14A, 14B includes a substrate 16 or 18, as
shown in Fig. 1B and Fig. 1C. The substrate 16 is a single layer base support, and
the substrate 18 is a multi-layered structure. The substrate 16 is a single material
that has depressions 22 defined therein or protrusions 24 defined thereon. The
substrate 18 includes a base support 26 and another layer 28 positioned on the
base support 26, where the other layer 28 has the depressions 22 defined therein
or the protrusions 24 defined thereon.

[0096] Examples of suitable materials for the substrate 16 include siloxanes
(e.q., epoxy siloxane), glass, modified or functionalized glass, polymeric materials
(including acrylics, polystyrene and copolymers of styrene and other materials,
polypropylene, polyethylene, polybutylene, polyurethanes, polytetrafluoroethylene
(such as TEFLON® from Chemours), polyethylene terephthalate (PET),
polycarbonate, cyclic olefins/cyclo-olefin polymers (COP) (such as ZEONOR® from
Zeon), polyimides, nylon (polyamides), etc.) ceramics/ceramic oxides, aluminum
silicate, silicon and modified silicon (e.g., boron doped p+ silicon), silicon nitride
(SizNgy), carbon, metals, resins, or the like. Examples of suitable inorganic resins
include inorganic oxides, such as tantalum pentoxide (e.g., Ta;0s) or other
tantalum oxide(s) (TaOy), aluminum oxide (e.g., Al,O3), silica (i.e., silicon dioxide
(Si02)), fused silica, or silica-based materials, hafnium oxide (e.g., HfO5), indium tin
oxide, titanium dioxide, etc. Examples of suitable polymeric resins include
polyhedral oligomeric silsesquioxane based resin (e.g., POSS® from Hybrid
Plastics), a non-polyhedral oligomeric silsesquioxane epoxy resin, a poly(ethylene
glycol) resin, a polyether resin (e.g., ring opened epoxies), an acrylic resin, an
acrylate resin, a methacrylate resin, an amorphous fluoropolymer resin (e.g.,
CYTOP® from Bellex), and combinations thereof.

[0097] As mentioned, examples of the multi-layered structure (i.e., substrate
18) include a base support 26 and at least one other layer 28 thereon. Any

example of the single layer base support (i.e., substrate 16) may be used as the
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base support 26. In these examples, the other layer 28 may be any material that
can be etched or imprinted to form the depressions 22. Examples of the layer 28
include inorganic oxides, such as tantalum oxide (e.g., Ta;Os), aluminum oxide
(e.g., AlLO3), silicon oxide (e.g., SiO,), or hafnium oxide (e.g., HfO,), or polymeric
resins, such as a polyhedral oligomeric silsesquioxane based resin (e.g., POSS®
from Hybrid Plastics), a non-polyhedral oligomeric silsesquioxane epoxy resin, a
poly(ethylene glycol) resin, a polyether resin (e.g., ring opened epoxies), an acrylic
resin, an acrylate resin, a methacrylate resin, an amorphous fluoropolymer resin
(e.g., CYTOP® from Bellex), and combinations thereof.

[0098] In any of the examples set forth herein, the substrate 16 or the base
support 26 may be a circular sheet, a panel, a wafer, a die, etc. having a diameter
ranging from about 2 mm to about 300 mm, e.g., from about 200 mm to about 300
mm, or may be a rectangular sheet, panel, wafer, die etc. having its largest
dimension up to about 10 feet (~ 3 meters). As one example, a die may have a
width ranging from about 0.1 mm to about 10 mm. While example dimensions
have been provided, it is to be understood that the substrate 16 or the base support
26 may have any suitable dimensions.

[0099] As mentioned, different examples of the architecture within the flow
channel 12 of the flow cell 10 are respectively depicted in Fig. 2B and Fig. 2C. In
Fig. 2B, the depressions 22 are defined in the substrate 16 or in the layer 28 of the
substrate 18. In Fig. 2C, the protrusions 24 are defined on the substrate 16 or on
the layer 28 of the substrate 18.

[0100] Many different layouts of the depressions 22 or protrusions 24 may be
envisaged, including regular, repeating, and non-regular patterns. In an example,
the depressions 22 or protrusions 24 are disposed in a hexagonal grid for close
packing and improved density. Other layouts may include, for example, rectangular
layouts, triangular layouts, and so forth. In some examples, the layout or pattern
can be an x-y format in rows and columns. In some other examples, the layout or
pattern can be a repeating arrangement of the depressions 22 or protrusions 24
and interstitial regions 30. In still other examples, the layout or pattern can be a
random arrangement of the depressions 22 or protrusions 24 and the interstitial

regions 30.
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[0101] The layout or pattern may be characterized with respect to the density
(number) of the depressions 22 or protrusions 24 in a defined area. For example,
the depressions 22 or protrusions 24 may be present at a density of approximately
2 million per mm?. The density may be tuned to different densities including, for
example, a density of about 100 per mm?, about 1,000 per mm?, about 0.1 million
per mm?, about 1 million per mm?, about 2 million per mm?, about 5 million per
mm?, about 10 million per mm?, about 50 million per mm?, or more, or less. Itis to
be further understood that the density can be between one of the lower values and
one of the upper values selected from the ranges above, or that other densities
(outside of the given ranges) may be used. As examples, a high density array may
be characterized as having the depressions 22 or protrusions 24 separated by less
than about 100 nm, a medium density array may be characterized as having the
depressions 22 or protrusions 24 separated by about 400 nm to about 1 um, and a
low density array may be characterized as having the depressions 22 or
protrusions 24 separated by greater than about 1 um.

[0102] The layout or pattern of the depressions 22 or protrusions 24 may
also or alternatively be characterized in terms of the average pitch, or the spacing
from the center of one depression 22 or protrusion 24 to the center of an adjacent
depression 22 or protrusion 24 (center-to-center spacing) or from the right edge of
one depression 22 or protrusion 24 to the left edge of an adjacent depression 22 or
protrusion 24. The pattern can be regular, such that the coefficient of variation
around the average pitch is small, or the pattern can be non-regular in which case
the coefficient of variation can be relatively large. In either case, the average pitch
can be, for example, about 50 nm, about 0.15 um, about 0.5 um, about 1 ym, about
5 um, about 10 um, about 100 um, or more or less. The average pitch for a
particular pattern of depressions 22 or protrusions 24 can be between one of the
lower values and one of the upper values selected from the ranges herein. In an
example, the depressions 22 or protrusions 24 have a pitch (center-to-center
spacing) of about 1.5 um. While example average pitch values have been
provided, it is to be understood that other average pitch values may be used.
[0103] The size of each depression 22 may be characterized by its volume,
opening area, depth, and/or diameter or length and width. For example, the

volume can range from about 1x1072 um?® to about 100 ym?, e.g., about 1x1072 ym?>,
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about 0.1 pm?, about 1 um?®, about 10 pm>, or more, or less. For another example,
the opening area can range from about 1x10~2 pm? to about 100 pm?, e.g., about
1x1072 um?, about 0.1 ym?, about 1 um?, at least about 10 ym?, or more, or less.
For still another example, the depth can range from about 0.1 ym to about 100 um,
e.g., about 0.5 um, about 1 um, about 10 ym, or more, or less. For another
example, the depth can range from about 0.1 um to about 100 um, e.g., about 0.5
pMm, about 1 um, about 10 um, or more, or less. For yet another example, the
diameter or each of the length and width can range from about 0.1 um to about 100
um, e.g., about 0.5 um, about 1 um, about 10 uym, or more, or less.

[0104] The size of each protrusion 24 may be characterized by its top
surface area, height, and/or diameter or length and width. The top surface area
can range from about 1x107> ym? to about 100 ym?, e.g., about 1x107% pm?, about
0.1 ym?, about 1 ym?, at least about 10 um?, or more, or less. The height can
range from about 0.1 um to about 100 um, e.g., about 0.5 um, about 1 um, about
10 ym, or more, or less. The diameter or each of the length and the width can
range from about 0.1 um to about 100 pym, e.g., about 0.5 um, about 1 um, about
10 um, or more, or less.

[0105] Each of the architectures also includes the reactive regions 29A, 29B.
In the example shown in Fig. 1B, the reactive region 29A includes the polymeric
hydrogel 32 applied within the depressions 22 and the reactive entity 34 attached to
the polymeric hydrogel 32. In the example shown in Fig. 1C, the reactive region
29B includes the polymeric hydrogel 32 applied on the substrate 16 or 18 in the
form of the protrusions 24 and the reactive entity 34 attached to the polymeric
hydrogel 32.

[0106] The polymeric hydrogel 32 may be any gel material that can swell
when liquid is taken up and that can contract when liquid is removed, e.g., by
drying. In an example, the gel material is an acrylamide copolymer. Some

examples of the acrylamide copolymer are represented by the following structure

():
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wherein:

R” is selected from the group consisting of azido, optionally substituted
amino, optionally substituted alkenyl, optionally substituted alkyne, halogen,
optionally substituted hydrazone, optionally substituted hydrazine, carboxyl,
hydroxy, optionally substituted tetrazole, optionally substituted tetrazine, nitrile
oxide, nitrone, sulfate, and thiol;

RBis H or optionally substituted alkyl;

R®, RP, and RF are each independently selected from the group
consisting of H and optionally substituted alkyl;

each of the -(CH,),- can be optionally substituted;

p is an integer in the range of 1 to 50;

nis an integer in the range of 1 to 50,000; and

m is an integer in the range of 1 to 100,000.

[0107] One specific example of the acrylamide copolymer represented by
structure () is poly(N-(5-azidoacetamidylpentyl)acrylamide-co-acrylamide, PAZAM.
[0108] One of ordinary skill in the art will recognize that the arrangement of
the recurring “n” and “m” features in structure (1) are representative, and the
monomeric subunits may be present in any order in the polymer structure (e.g.,
random, block, patterned, or a combination thereof). The molecular weight of the
acrylamide copolymer may range from about 5 kDa to about 1500 kDa or from
about 10 kDa to about 1000 kDa, or may be, in a specific example, about 312 kDa.
[0109] In some examples, the acrylamide copolymer is a linear polymer. In

some other examples, the acrylamide copolymer is a lightly cross-linked polymer.
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[0110] In other examples, the gel material may be a variation of structure (1).

In one example, the acrylamide unit may be replaced with N,N-dimethylacrylamide

w\_\\{,\ “
( ). In this example, the acrylamide unit in structure (I) may be replaced
pH
N

with, where R, RE, and R are each H or a C1-C6 alkyl, and
R® and R" are each a C1-C6 alkyl (instead of H as is the case with the acrylamide).
In this example, g may be an integer in the range of 1 to 100,000. In another

example, the N,N-dimethylacrylamide may be used in addition to the acrylamide

\ X g o
N = .,
I3 \\ R ~ q ™~

fo N
RY R in addition to

unit. In this example, structure (1) may include
the recurring “n” and “m” features, where R°, RE, and RF are each H or a C1-C6
alkyl, and R® and R" are each a C1-C6 alkyl. In this example, q may be an integer
in the range of 1 to 100,000.

[0111] As another example of the gel material, the recurring “n” feature in
structure (I) may be replaced with a monomer including a heterocyclic azido group

having structure (ll):
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wherein R" is H or a C1-C6 alkyl; R, is H or a C1-C6 alkyl; L is a linker including a
linear chain with 2 to 20 atoms selected from the group consisting of carbon,
oxygen, and nitrogen and 10 optional substituents on the carbon and any nitrogen
atoms in the chain; E is a linear chain including 1 to 4 atoms selected from the
group consisting of carbon, oxygen and nitrogen, and optional substituents on the
carbon and any nitrogen atoms in the chain; A is an N substituted amide with an H
or a C1-C4 alkyl attached to the N; and Z is a nitrogen containing heterocycle.
Examples of Z include 5 to 10 carbon-containing ring members present as a single
cyclic structure or a fused structure. Some specific examples of Z include

pyrrolidinyl, pyridinyl, or pyrimidinyl.

[0112] As still another example, the gel material may include a recurring unit
of each of structure (lll) and (I1V):
N3 HZ

| N
; ;
Oy N-R*® o N-R®

X \I}
R1a , R'ib
R2a an RQE}

wherein each of R'?, R??, R' and R? is independently selected from hydrogen, an
optionally substituted alkyl or optionally substituted phenyl; each of R* and R* is

independently selected from hydrogen, an optionally substituted alkyl, an optionally
substituted phenyl, or an optionally substituted C7-C14 aralkyl; and each L' and L?
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is independently selected from an optionally substituted alkylene linker or an
optionally substituted heteroalkylene linker.

[0113] In still another example, the acrylamide copolymer is formed using
nitroxide mediated polymerization, and thus at least some of the copolymer chains
have an alkoxyamine end group. In the copolymer chain, the term “alkoxyamine
end group” refers to the dormant species —-ONR{R>, where each of Ry and R, may
be the same or different, and may independently be a linear or branched alkyl, or a
ring structure, and where the oxygen atom is attached to the rest of the copolymer
chain. In some examples, the alkoxyamine may also be introduced into some of
the recurring acrylamide monomers, e.g., at position R in structure (I). As such, in
one example, structure (I) includes an alkoxyamine end group; and in another
example, structure (1) includes an alkoxyamine end group and alkoxyamine groups
in at least some of the side chains.

[0114] It is to be understood that other molecules may be used to form the
polymeric hydrogel 32, as long as they are capable of being functionalized with the
desired chemistry, e.g., primer set(s). Some examples of suitable materials for the
polymeric hydrogel 32 include functionalized silanes, such as norbornene silane,
azido silane, alkyne functionalized silane, amine functionalized silane, maleimide
silane, or any other silane having functional groups that can respectively attach the
desired chemistry. Still other examples of suitable materials for the polymeric
hydrogel 32 include those having a colloidal structure, such as agarose; or a
polymer mesh structure, such as gelatin; or a cross-linked polymer structure, such
as polyacrylamide polymers and copolymers, silane free acrylamide (SFA), or an
azidolyzed version of SFA. Examples of suitable polyacrylamide polymers may be
synthesized from acrylamide and an acrylic acid or an acrylic acid containing a vinyl
group, or from monomers that form [2+2] photo-cycloaddition reactions. Still other
examples of suitable materials for the polymeric hydrogel 32 include mixed
copolymers of acrylamides and acrylates. A variety of polymer architectures
containing acrylic monomers (e.g., acrylamides, acrylates etc.) may be utilized in
the examples disclosed herein, such as branched polymers, including dendrimers
(e.g., multi-arm or star polymers or star-block polymers). For example, the
monomers (e.g., acrylamide, acrylamide containing the catalyst, etc.) may be

incorporated, either randomly or in block, into the branches (arms) of a dendrimer.
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[0115] The gel material for the polymeric hydrogel 32 may be formed using
any suitable copolymerization process, such as nitroxide mediated polymerization
(NMP), reversible addition-fragmentation chain-transfer (RAFT) polymerization, etc.
[01186] The attachment of the polymeric hydrogel 32 to the underlying
component (e.g., substrate 16 or layer 28) may be through covalent bonding. In
some instances, the underlying substrate 16 or layer 28 may first be activated, e.g.,
through silanization or plasma ashing. Covalent linking is helpful for maintaining
the primer set in the desired regions throughout the lifetime of the flow cell 10
during a variety of uses.

[0117] In each example, the polymeric hydrogel 32 has a reactive entity 34
attached thereto. In one example, the reactive entity 34 in each of the plurality of
reactive regions 29A, 29B is a primer set. The primer set includes two different
primers that are used in sequential paired-end sequencing. In another example,
the reactive entity 34 is an enzyme tag, such as a transposome complex that
enables tagmentation. As such, in one example, the reactive entity 34 in each of
the plurality of reactive regions 29A, 29B is independently selected from the group
consisting of a primer set and an enzyme tag.

[0118] As mentioned, when the reactive entity 34 is the primer set, the
primer set includes two different primers that are used in sequential paired end
sequencing. As examples, the primer set may include P5 and P7 primers, P15 and
P7 primers, or any combination of the PA primers, the PB primers, the PC primers,
and the PD primers set forth herein. As examples, the primer set may include any
two PA, PB, PC, and PD primers, or any combination of one PA primer and one
PB, PC, or PD primer, or any combination of one PB primer and one PC or PD
primer, or any combination of one PC primer and one PD primer.

[0119] Examples of P5 and P7 primers are used on the surface of
commercial flow cells sold by lllumina Inc. for sequencing, for example, on
HISEQ™, HISEQX™, MISEQ™, MISEQDX™, MINISEQ™,  NEXTSEQ™,
NEXTSEQDX™, NOVASEQ™, ISEQ™, GENOME ANALYZER™, and other
instrument platforms. The P5 primer (shown as a cleavable primer due to the

cleavable nucleobase uracil or “n”) is:
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P5#1.5 -3
AATGATACGGCGACCACCGAGAUCTACAC (SEQ. ID. NO. 1);

P5#2:5 - 3
AATGATACGGCGACCACCGAGANCTACAC (SEQ. ID. NO. 2)

where “n” is inosine in SEQ. ID. NO. 2; or

P5#3.5 - 3
AATGATACGGCGACCACCGAGANCTACAC (SEQ. ID. NO. 3)

where “n” is alkene-thymidine (i.e., alkene-dT) in SEQ. ID. NO. 3.

The P7 primer (shown as cleavable primers) may be any of the following:

P7#1.5 -3
CAAGCAGAAGACGGCATACGANAT (SEQ. ID. NO. 4)

where “n” is 8-oxoguanine in SEQ. ID. NO. 4;

P7#2.5 - 3
CAAGCAGAAGACGGCATACNAGAT (SEQ. ID. NO. 5)

where “n” is 8-oxoguanine in SEQ. ID. NO. 5;

P7#3.5 - 3
CAAGCAGAAGACGGCATACNANAT (SEQ. ID. NO. 6)

where both instances of “n” are 8-oxoguanine in SEQ. ID. NO. 6;

P7 #4:5 — 3
CAAGCAGAAGACGGCATACGAUAT (SEQ. ID. NO. 7); or
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P7#5.5 - 3
CAAGCAGAAGACGGCATACUAGAT (SEQ. ID. NO. 8).

The P15 primer (shown as a cleavable primer) is:

P15:5 -3
AATGATACGGCGACCACCGAGANCTACAC (SEQ. ID. NO. 9)

where “n” is allyl-T (i.e., a thymine nucleotide analog having an allyl functionality).

The other primers (PA-PD, shown as non-cleavable primers) mentioned above

include:

PA5 -3
GCTGGCACGTCCGAACGCTTCGTTAATCCGTTGAG (SEQ. ID. NO. 10)

PB5 — 3
CGTCGTCTGCCATGGCGCTTCGGTGGATATGAACT (SEQ. ID. NO. 11)

PC5 -3
ACGGCCGCTAATATCAACGCGTCGAATCCGCAACT (SEQ. ID. NO. 12), and

PD5 —» 3
GCCGCGTTACGTTAGCCGGACTATTCGATGCAGC (SEQ. ID. NO. 13).

While not shown in the example sequences for PA-PD, it is to be understood that
any of these primers may include a cleavage site, such as uracil, 8-oxoguanine,
allyl-T, etc. at any point in the strand.

[0120] Each of the primers disclosed herein may also include a polyT
sequence at the 5’ end of the primer sequence. In some examples, the polyT
region includes from 2 T bases to 20 T bases. As specific examples, the polyT

region may include 3, 4, 5,6, 7, or 10 T bases.
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[0121] The 5’ end of each primer may also include a linker. Any linker that
includes a terminal alkyne group or another suitable terminal functional group that
can attach to the surface functional groups of the polymeric hydrogel 32 may be
used. In one example, the primers are terminated with hexynyl.

[0122] In some examples, the same reactive entity 34 (e.g., primer set) is
attached to the polymeric hydrogel 32 that is present in each of the depressions 22
or that forms each of the protrusions 24. For example, the primer set is the same in
each of the plurality of reactive regions 29A, 29B. In other examples, one reactive
entity 34 (e.g., a primer set including P5 and P7 primers) is attached in a subset of
the depressions 22 or to a subset of the protrusions 24, while a different reactive
entity (e.g., another primer set including PA and PB primers) is attached in a subset
of the depressions 22 or to a subset of the protrusions 24. For example, the primer
set of at least one of the plurality of reactive regions 29A, 29B is different than the
primer set of at least one other of the plurality of reactive regions 29A, 29B.

[0123] The architecture shown in Fig. 1B may be generated by forming the
depressions 22 in the substrate 16 or the layer 28 of the substrate 18, introducing
the polymeric hydrogel 32 into the depressions 22, and attaching the reactive entity

34 (e.g., primers of a primer set) to the polymeric hydrogel 32.

[0124] The depressions 22 may be formed using etching or nanoimprint
lithography.
[0125] A mixture of the polymeric hydrogel 32 may be generated. In one

example, the polymeric hydrogel 32 may be present in a mixture (e.g., with water or
with ethanol and water). The polymeric hydrogel 32 may be blanketly deposited
over the substrate 16 or the layer 28 of the substrate 18, and then removed from
the interstitial regions 30 using a polishing technique.

[0126] The reactive entity 34 may then be attached to the polymeric hydrogel
32. As an example, primers or transposome complexes may be grafted to the
polymeric hydrogel 32. Grafting may be accomplished by flow through deposition
(e.g., using a temporarily bound lid), dunk coating, spray coating, puddle
dispensing, or by another suitable method. Each of these example techniques may
utilize a solution or mixture, which may include the reactive entity 34, water, a
buffer, and a catalyst. With any of the grafting methods, the reactive entity 34

attaches to the reactive groups of the polymeric hydrogel 32 and does not react
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with the interstitial regions 30. As another example, enzyme tags may be attached
through oligonucleotide hybridization or through biotin/streptavidin interactions.
With oligonucleotide hybridization, the enzyme tag may include an oligonucleotide
sequence that can hybridize to polymeric hydrogel bound primers. With
biotin/streptavidin interactions, the polymeric hydrogel 32 may be biotinylated, and
the enzyme tag may include streptavidin.

[0127] When a single type of reactive entity 34 is used, the reactive entity 34
may be pre-grafted to the polymeric hydrogel 32, and the pre-grafted hydrogel may
be deposited and polished, or selectively deposited.

[0128] When multiple reactive entities 34 are used, some depressions 22
may be masked (e.g., with a photoresist or other suitable mask) while other
depressions 22 have one type of reactive entity 34 grafted thereto. Alternatively,
the reactive entities 34 may be pre-grafted to different samples of polymeric
hydrogel 32 and the pre-grafted hydrogels may be respectively and selectively
deposited into the desired depressions 22. High precision coating techniques may
be used for the selective deposition. In one example, a precision gantry tool is
used.

[0129] The architecture shown in Fig. 1C may be generated by forming the
protrusions 24 on the substrate 16 or the layer 28 of the substrate 18 using the
polymeric hydrogel 32, and attaching the reactive entity 34 to the polymeric
hydrogel 32. A mixture of the polymeric hydrogel 32 may be generated as
described herein.

[0130] In one example, a photoresist may first be deposited on the substrate
16 or the layer 28, and developed such that soluble photoresist portions are
removed where it is desirable to form the protrusions 24 and insoluble photoresist
portions remain where it is desirable to form the interstitial regions 30. The mixture
including the polymeric hydrogel 32 may be blanketly deposited over the insoluble
photoresist portions and over the exposed portions of the substrate 16 or the layer
28, and cured. The polymeric hydrogel 32 applied to the exposed portions of the
substrate 16 or the layer 28 become the protrusions 24. The insoluble photoresist
portions, and the polymeric hydrogel 32 thereon, may be removed using a suitable

remover for the photoresist to expose the interstitial regions 30.
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[0131] Alternatively, the mixture including the polymeric hydrogel 32 may be
selectively deposited (using a mask to cover interstitial regions 30, controlled
printing techniques, etc.) to specifically deposit the polymeric hydrogel 32 at areas
where it is desirable to form the protrusions 24.

[0132] The reactive entity 34 may then be grafted to the protrusions 24. As
examples, grafting may be accomplished by flow through deposition (e.g., using a
temporarily bound lid), dunk coating, spray coating, puddle dispensing, or by
another suitable method. Each of these example techniques may utilize a reactive
entity 34 solution or mixture, which may include the reactive entity 34, water, a
buffer, and a catalyst. With any of the grafting methods, the reactive entity 34
attaches to the reactive groups of the polymeric hydrogel 32/protrusions 24 and
does not react with the interstitial regions 30.

[0133] When a single reactive entity 34 is used, the reactive entity 34 may be
pre-grafted to the polymeric hydrogel 32, and the pre-grafted hydrogel may be
deposited to form the protrusions 24 according to the examples set forth herein.
[0134] When multiple reactive entities 34 are used, some protrusions 24 may
be masked (e.g., with a photoresist or other suitable mask) while other protrusions
24 have one type of reactive entity 34 grafted thereto. Alternatively, the reactive
entities 34 may be pre-grafted to different samples of polymeric hydrogel 32 and
the pre-grafted hydrogels may be respectively and selectively deposited to form the
protrusions 24.

[0135] While not shown in Fig. 1B and Fig. 1C, each of the flow cell
architectures includes the independently removable coating(s) 36 positioned over
the reactive regions 29A, 29B. The independently removable coating(s) 36 render
the reactive regions 29A, 29B inactive until the independently removable coating(s)
36 overlying the particular reactive region 29A, 29B is removed to expose the
reactive region 29A, 29B. As such, the coating(s) 36 can be designed so that

particular reactive region(s) 29A, 29B are exposed for analysis at a particular time.

[0136] Different examples of the removable coatings 36 are described in
reference to Fig. 2A through Fig. 2C and Fig. 3A through Fig. 3E.
[0137] In some example flow cells 10, at least one of the plurality of

independently removable coatings has a different removal characteristic than at

least one other of the plurality of independently removable coatings. Some
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examples of these independently removable coatings 36A, 36B, 36C are shown in
Fig. 2A and Fig. 3A.

[0138] In these examples, the independently removable coatings 36A, 36B,
36C are positioned directly over the reactive regions 29A, 29B and are not
positioned on the interstitial regions 30 separating the reactive regions 29A, 29B.
While single coatings 36A, 36B, 36C are shown covering single reactive regions
29A, 29B, itis to be understood that each coating 36A, 36B, 36C may cover a
subset of reactive regions 29A, 29B, where each subset includes two or more
reactive regions 29A, 29B. In these examples, the coating 36A, 36B, 36C may
overlie each of the reactive regions 29A, 29B in the subset, as well as the interstitial
regions 30 separating the particular reactive regions 29A, 29B. In an example, the
coatings 36A, 36B, 36C may each cover from about 1 mm? to about 500 mm? of the
substrate surface area.

[0139] The respective coatings 36A, 36B, 36C may be applied in the
depressions 22 (Fig. 2A) or over the protrusions 24 (Fig. 3A) using selective
deposition techniques, such as inkjet printing, aerosol printing, screen printing, or
precision dispensing methods (such as slot-die coating). In one example, slot-die
coating manifolds can coat rectangular stripes down a web of material in pre-
defined thicknesses. By employing a vision system registering the web position,
the coating can be turned on and off to create the individual coatings 36A, 36B,
36C. The respective coatings 36A, 36B, 36C may alternatively be applied in the
depressions 22 (Fig. 2A) or over the protrusions 24 (Fig. 3A) using blanket
deposition techniques (e.g., spray coating) along with removable masks (e.g.,
photoresists) that cover areas that are not to receive a particular coating 36A, 36B,
or 36C being deposited. In still other examples, roll-to-roll deposition methods may
be used to transfer coatings from a source to the desired position on the patterned
structure 14A, 14B.

[0140] In the examples shown in Fig. 2A and Fig. 3A, each of the plurality of
independently removable coatings 36A, 36B, 36C has a different removal
characteristic than each other of the plurality of independently removable coatings
36A, 36B, 36C.

[0141] An example of the removal characteristic that the coatings 36A, 36B,

36C may exhibit is solubility. In some examples, the solubility of one coating 36A is
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orthogonal to each of the other coatings 36B and 36C. In this context, the term
“orthogonal” means that the solubility condition(s) that one coating 36A is/are
susceptible to is/are at least partially different than the solubility condition(s) that
each other coating 36B, 36C is/are susceptible to. The coatings 36A, 36B, 36C
may be soluble in different solvents, or may be soluble in aqueous solutions having

different pH values.

[0142] Table 1 illustrates one example of completely orthogonal solvents.
Table 1

Solvent 1 Solvent 2 Solvent 3
Polymer for Soluble Insoluble Insoluble
Coating 36A
Polymer for Insoluble Soluble Insoluble
Coating 36B
Polymer for Insoluble Insoluble Soluble
Coating 36C

In this example, three different polymers are susceptible to removal by three
different solvents. It is to be understood that any number of polymers may be used
for the coatings 36A, 36B, 36C, as long as the desired number of reactive regions
29A, 29B is exposed at a desirable time. For example, half of the reactive regions
29A, 29B along a flow cell channel 12 may be coated with coating 36A and the
other half of the reactive regions 29A, 29B may be coated with coating 36B. This
enables one half of the reactive regions 29A, 29B to be analyzed at one time, and
the other half of the reactive regions 29A, 29B to be analyzed at another time.
[0143] It is to be understood that polymers with partial orthogonality could be
used for the coatings 36A, 36B, 36C, as long as the removal of the respective
coatings 36A, 36B, 36C is performed in a particular sequence so that reactive
regions 29A, 29B are not prematurely exposed. Table 2 illustrates one example of

partially orthogonal solvents.
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Table 2

Solvent 1 Solvent 2 Solvent 3
Polymer for Soluble Soluble Soluble or
Coating 36A Insoluble
Polymer for Insoluble Soluble Insoluble
Coating 36B
Polymer for Insoluble Insoluble Soluble
Coating 36C

Examples of polymers with partially orthogonal solvent solubility that may be used
as the coatings 36A, 36B, 36C, respectively, include acrylic polymers, such as
poly(dimethylsiloxane) (PDMS) which is soluble in hexane and toluene; poly(methyl
methacrylate) (PMMA), which is insoluble in hexane but soluble in toluene; and
poly(vinyl alcohol) (PVA), which is soluble in water but not in hexane or toluene. In
this particular example, coating 36A can be removed first with solvent 1 because it
will not remove either of the other coatings 36B, 36C. In this particular example,
solvent 2 would not be used before solvent 1 unless it would be desirable to expose
the reactive regions 29A, 29B covered by each of the coatings 36A, 36B, as solvent
2 would remove both the coatings 36A, 36B.

[0144] Several examples of polymers that may be used as the coatings 36A,
36B, 36C, and their solubility in three different solvents are shown in Table 3. Any
combination of these polymers may be used for the coatings 36A, 36B, 36C, and
two or more of the coatings 36A, 36B, etc. may be used in any channel 12 of the
flow cell 10. Moreover, the polymers that are selected for the coatings 36A, 36B,
36C may have partial orthogonality, and the order in which the solvents are used
may be selected so that one or more coatings are not prematurely removed while

other coatings are removed.
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Table 3
Water Aliphatic Acetone
Polymer type alcohol
(ethanol)
Polyvinyl alcohol (PVA) Soluble Insoluble Insoluble
PVA-polyethylene glycol Soluble Insoluble Insoluble
(PVA-PEG copolymer)
Hydroxypropyl methyl cellulose
(HPMC) Soluble Soluble Soluble
Hydroxyethyl cellulose (HEC) Soluble Soluble Soluble
Hydroxypropyl cellulose (HPC) Soluble Soluble Soluble
Polyvinyl acetate Insoluble Soluble Soluble
Ethyl cellulose Insoluble Soluble Soluble
Ammonio methacrylate Insoluble Soluble Soluble
Ammonio methacrylate
copolymer Insoluble Soluble Soluble
(type A and type B)
Cellulose acetate Insoluble Insoluble Soluble
Poly(ethyl acrylate-co-methyl | ¢ e Insoluble Soluble
methacrylate) 2:1
[0145] Examples of polymers that are soluble in aqueous solutions having

different pH values include chitosan, which is soluble under acidic conditions, and
copolymers of non-water soluble monomers with amine functional monomers,
which are tunable to dissolve at different pH values depending on the content of the
amino functional monomer. One example of the copolymer is dimethylaminoethyl
methacrylate, which is soluble under basic conditions.

[01486] In the examples shown in Fig. 2A and Fig. 3A, each of the
depressions 22 and protrusions 24 has a different independently removable coating
36A, 36B, 36C positioned over the reactive region 29A, 29B associated with the
depression 22 or protrusion 24. It is to be understood that in an array of
depressions 22 or protrusions 24, each depression 22 or protrusion 24 in the array
can have a different independently removable coating 36A, 36B, 36C, or subsets of
depressions 22 or protrusions 24 in the array can have different independently

removable coating 36A, 36B, 36C. Each subset may include two or more
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depressions 22 or protrusions 24 coated with the same independently removable
coating 36A, 36B, 36C.

[0147] Another example of the removal characteristic that the coatings 36A,
36B, 36C may exhibit is differential thermal release in aqueous conditions. In these
examples, different lower critical solution temperature (LCST) polymers, upper
critical solution temperature (UCST) polymers, and/or waxes with different melting
temperatures may be selected for the coatings 36A, 36B, 36C. LCST polymers,
such as poly(N-isopropyl acrylamide), become soluble in water when exposed to a
temperature that is lower than a critical temperature; and conversely, UCST
polymers, such as poly(N-acryloyl glycinamide) and poly(acrylamide-co-
acrylonitrile), become soluble in water when exposed to a temperature above a
critical temperature (which may be unique to each polymer). Examples of suitable
waxes include beeswax (T, from about 62°C to about 65°C), parrafin wax (T, from
about 46°C to about 61°C), and different molecular weight petroleum waxes (T,
from about 37°C to about 95°C, where the T,,increases with the number of carbon
atoms).

[0148] In another example, one of these polymers may be coated on all of
the reactive regions 29A, 29B, and the patterned structure 14A, 14B may include
circuitry integrated therein that enables each reactive region 29A, 29B to be
individually electrically addressable. By individually electrically addressing the
reactive region 29A, 29B, each can be heated to a suitable temperature for
liquefying or melting the overlying coating 36A, 36B, 36C, which can then be
washed away.

[0149] In still another example, one type of coating, e.g., 36D (see Fig. 4 at
A.), coats all of the reactive regions 29A, 29B, and the removal characteristic of this
coating 36D is photocleavability. The coating 36D is also referred to herein as a
photo-cleavable protective layer. The photo-cleavable protective layer 36D may be
positioned in each of the depressions 22 or over each of the protrusions 24 in a
similar manner to the coatings 36A, 36B, 36C shown in Fig. 2A and Fig. 3A, or it
may be a single layer that extends over all of the reactive regions 29A, 29B
(including over the interstitial regions 30). In this example, a single photo-cleavable
protective layer 36D may be used because the photocleavability renders the layer

36D selectively removable via light exposure. Light enables both spatial and
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temporal control. Thus, a certain portion of the photo-cleavable protective layer
36D (e.g., that overlies a specific reactive region 29A, 29B or a specific subset of
the reactive regions 29A, 29B that is/are to be involved in subsequent reaction(s))
may be removed by exposing the certain portion to light.

[0150] In one example, the photo-cleavable protective layer 36D is a
hydrophilic polymer cross-linked with a photo-cleavable cross-linker or an acid-
labile cross-linker. In one example, the hydrophilic polymer is a polyvinyl
alcohol/polyethylene glycol (PEG) graft copolymer, and the photo-cleavable cross-
linker is a coumarin or o-nitrobenzyl moiety. The coumarin or o-nitrobenzyl
moieties may covalently conjugate with poly(ethylene glycol) of the polyvinyl
alcohol/polyethylene glycol graft copolymer. An example is depicted in Fig. 7A.
The coumarin or o-nitrobenzyl is cleavable upon exposure to ultraviolet (UV) (100
nm to 400 nm) or blue light (450 nm to 495 nm), which leads to decreased cross-
linking density of the polymer coating. Thus, upon light exposure, the cleaved
polymer coating becomes hydrophilic and washable by an aqueous solution. In
another example, the hydrophilic polymer is a polyvinyl alcohol/polyethylene glycol
graft copolymer, and the photo-cleavable cross-linker is an acid-labile cross-linker.
An example is shown in Fig. 7B. In this example, the acid-labile cross-linker is an
acetal moiety. With the acid-labile cross-linker, an acid species can be generated
in the presence of a photoacid generator (PAG) and upon exposure to UV light,
which changes the pH and cleaves the cross-linker, thus rendering the polymeric
coating more soluble (and easily removable via rinsing).

[0151] In another example, the photo-cleavable protective layer 36D is a
hydrophilic polymer capped with a photo-cleavable hydrophobic group or an acid-
labile group. Each photo-cleavable hydrophobic group or acid-labile group is a
protective group on the polymer side chain that render the polymer more
hydrophobic. These examples of the photo-cleavable protective layer 36D undergo
a phase transition from hydrophobic to hydrophilic upon exposure to light. In an
example, the hydrophilic polymer is polymethacrylic acid, polyphenol, polyvinyl
alcohol, or polyvinyl alcohol/polyethylene glycol graft copolymer, which is
functionalized with the photo-cleavable hydrophobic group, such as a coumarin or
o-nitrobenzyl moiety. An example is shown in Fig. 8A. These photo-cleavable

groups are generally hydrophobic, which prevents the photo-cleavable protective
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layer 36D from being removed and washed away by an aqueous solution. Upon
exposure to UV or visible light, these hydrophobic groups will be cleaved, returning
the polymer coating back to its hydrophilic form. In another example, the
hydrophilic polymer is polymethacrylic acid, polyphenol, polyvinyl alcohol, or
polyvinyl alcohol/polyethylene glycol graft copolymer, which is functionalized with
an acid-labile group. An example is shown in Fig. 8B. An acid species can be
generated in the presence of a photoacid generator (PAG) and upon exposure to
UV light, which cleaves the acid-labile group. In the example shown in Fig. 8B, the
cleavage of tert-butyl carbonate groups leads to the hydrophilic polyphenol coating,
which is washable and removable by an aqueous solution.

[0152] Any of the example coatings (e.g., 36, 36A, 36B, etc.) set forth herein
may be used in combination in order to obtain multi-layer coatings. Examples of
some multi-layer removable coatings 38A, 38B are shown in Fig. 2B and Fig. 3B.
In this example, at least one of the plurality of independently removable coatings
includes a plurality of sub-layers (i.e., is a multi-layer removable coating 38A, 38B);
and the plurality of sub-layers defines the removal characteristic of the at least one
of the plurality of independently removable coatings.

[0153] The sub-layers of the multi-layer removable coatings 38A, 38B may
be any of the materials set forth herein for the coatings 36A, 36B, 36C. The
incorporation of the coatings 36A, 36B, 36C into a stack enables the same coatings
36A, 36B, 36C to be used in different orders, which imparts different removal
characteristics to the overall multi-layer removable coatings 38A, 38B. The overall
removal characteristics of each multi-layer removable coating 38A, 38B will depend
upon the coatings 36A, 36B, 36C and the order of the coatings 36A, 36B, 36C in
the particular stack.

[0154] In the examples shown in Fig. 2B and Fig. 3B, the multi-layer
removable coatings 38A, 38B require sequential treatments in order to reveal an
underlying reactive region 29A, 29B. The sequential treatments will depend upon
the sub-layers, e.g., coatings 36A, 36B, 36C, that are included in the stack. The
sub-layers in each of the multi-layer removable coatings 38A, 38B may be selected
so that some of the reactive regions 29A, 29B remain coated with at least some

sub-layers of the multi-layer removable coating 38A or 38B, even when other sub-
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layers of the multi-layer removable coating 38A or 38B are removed or when
another multi-layer removable coating 38B or 38A is completely removed.

[0155] In the example show in Fig. 2B and Fig. 3B, the removal of the multi-
layer coating 38A involves the sequential dissolution of coating 36B and then
coating 36A, while the removal of multi-layer coating 38B involves the sequential
dissolution of coatings 36C, 36A, and then 36B.

[0156] Per Table 2, in some examples, the coatings 36A and 36C may be
selected so that they are not soluble in the same solvent (or are not susceptible to
the same removal characteristic). In these examples, the removal of the single
layer coating 36A will not affect either of the multi-layer coatings 38A, 38B. In
these examples, the multi-layer coatings 38A, 38B may then be removed in any
order that is desirable for exposure of the respective underlying reactive regions
29A, 29B. For example, the multi-layer coating 38A may be dissolved before the
multi-layer coating 38B, or the multi-layer coating 38B may be dissolved before the
multi-layer coating 38A.

[0157] Also per Table 2, in other examples, the coatings 36A and 36C may
be selected so that they are soluble in the same solvent (or are susceptible to the
same removal characteristic). In some of these examples, the removal of the
single layer coating 36A will also remove the first two coatings (sub-layers) 36C,
36A of the multi-layer coating 38B as long as the solvent exposure time is long
enough for such removal. In these particular examples, the removal of the coatings
(sub-layers) 36C, 36A of the multi-layer coating 38B will expose coating 36B. The
coatings (sub-layers) 36B of each of the multi-layer coatings 38A, 38B may then be
removed simultaneously. As such, in these particular examples, the multi-layer
coating 38B may be removed before the multi-layer coating 38A. Alternatively, the
removal of the single layer coating 36A may be performed so that the first coating
(sub-layer) 36C of the multi-layer coating 38B is removed but so that the second
coating (sub-layer) 36A of the multi-layer coating 38B remains intact. In these
particular examples, the multi-layer coating 38A or the remainder of the multi-layer
coating 38B (i.e., sub-layers/coatings 36A, 36B) may then be removed in any order
that is desirable for exposure of the respective underlying reactive regions 29A,

29B. For example, the multi-layer coating 38A may be dissolved before the
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remaining sub-layers of the multi-layer coating 38B, or the remaining sub-layers of
the multi-layer coating 38B may be dissolved before the multi-layer coating 38A.
[0158] With the multi-layer coatings 38A, 38B, the sub-layers may be
selected to be barriers to reagents (e.g., sequencing reagents, tagmentation
buffers, etc.) that are used in the reactions with the exposed reactive regions 29A,
29B. As barriers to reaction reagents, the sub-layers will minimize or prevent these
reagents from penetrating into the remaining sub-layers.

[0159] Any of the methods disclosed herein may be used to generate the
multi-layer coatings 38A, 38B. For example in a roll-to-roll coating system, multiple
sequential coating heads (each coating a unique set of rectangular patches or
stripes) can build up different layers (of the multi-layer coatings 38A or 38B) on
discrete regions of a substrate (as shown in Fig. 2B and Fig. 2C, noting, however,
that each coating layer does not have to be deposited in each pass). In a wafer
coating system, inkjet, screen, stencil, or precision dispense coating may be used
to build up layers (of the multi-layer coatings 38A or 38B), with each material
printing a unique 2D coating region.

[0160] Curing steps may be performed after each sub-layer is deposited
depending on the material used.

[0161] Referring now to Fig. 2C and Fig. 3C through Fig. 3E, still other

(R}

examples of the independently removable coatings 36, 36°, 36”, 36" are depicted.
In these examples, the coating 36 is, or the coatings 36’, 36”7, 36” are, formed of
the same materials, but the coating 36 has a variable thickness or each of the
plurality of coatings 36’, 36, 36" has a different thickness. As such, while the
coating 36 is, or the coatings 36’, 36”7, 36’” are susceptible to the same removal
characteristic, the rates at which the coating 36 dissolves or melts, or at which the
coatings 36’, 36", 36’ dissolve or melt are different due to the different thicknesses
Tq, Tz, Ts.

[0162] In the example shown in Fig. 2C, each of the depressions 22 has a
removable coating 36’, 36", 36" with a different thickness positioned over the
reactive region 29A, 29B associated with the depressions 22. In one example, the
thickness T4 < the thickness T, < the thickness T3, and T4 ranges from about 10 nm
to about 500 nm, T, ranges from about 100 nm to about 1 um, and T3 ranges from

about 500 nm to about 10 um. It is to be understood that in an array of depressions
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22, each depression 22 can have a removable coating 36°, 36, 36’ with a different
thickness, or subsets of depressions 22 in the array can have coatings 36’°, 36",
36’ with different thicknesses. Each subset may include two or more depressions
22.

[0163] In the example shown in Fig. 3C, each of the protrusions 24 has a
removable coating 36, 36”, 36" with a different thickness positioned over the
reactive region 29A, 29B associated with the protrusions 24. Like Fig. 2C, the
thickness T4 < the thickness T, < the thickness T3, and T, ranges from about 10 nm
to about 500 nm, T, ranges from about 100 nm to about 1 um, and Ts ranges from
about 500 nm to about 10 um. It is to be understood that in an array of protrusions

11

24, each protrusion 24 can have a removable coating 36’, 36", 36 with a different
thickness, or subsets of protrusions 24 in the array can have coatings 36’, 36, 36™
with different thicknesses. Each subset may include two or more protrusions 24.
[0164] In the examples shown in Fig. 3D and Fig. 3E, a single removable
coating 36 is positioned over each of the protrusions 24 (and reactive region 29A,
29B), but the removable coating 36 has a variable thickness. As such, the
thickness T4, T», or Ts, of the removable coating 36 is smaller over some of the
protrusions 24 (and reactive region 29A, 29B), and is over some other of the
protrusions 24 (and reactive region 29A, 29B). In the example shown in Fig. 3D,
the removable coating 36 has a step-wise gradient that increases from T1 to T to
T3 across, e.g., the width, of the patterned structure 14B. In the example shown in
Fig. 3E, the removable coating 36 has a substantially linear gradient that increases
from T, to T, to T across, e.g., the width, of the patterned structure 14B. In both
examples, each protrusion 24 or subset of protrusions 24 is positioned beneath a
different thickness T4, T,, or T3, of the removable coating 36.

[0165] While three different thicknesses are shown in Fig. 3D and Fig. 3E, it
is to be understood that any number of different coating thicknesses may be used
(e.g., 2 or greater than 3). The number of different coating thicknesses will depend
upon the number of depressions 22 or protrusions 24 in a channel 12, and the
number of subsets (if any) of depressions 22 or protrusions 24. The number of
subsets, in turn, is based on the desired number of reactions that are to be

performed within a single flow cell channel 12.
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[0166] Methods for using the Flow Celis
[0167] Examples of the flow cells 10 described herein may be used in

analysis methods, including nucleic acid sequencing. The independently
removable coatings 36, 36A, 36B, 36C, 36D, 36, 36", 36 enable select reactive
regions 29A, 29B to be uncovered and rendered ready for analysis, while also
enabling other reactive regions 29A, 29B to remain covered so that they do not
participate in the then-current analysis.

[0168] An example of the method for using some examples of the flow cell
10 includes selectively removing at least one of a plurality of independently
removable coatings 36A, 36B, 36C or 36’, 36", 36 respectively positioned over
each of a plurality of reactive regions 29A, 29B spatially separated from one
another across a substrate 16 or 18, thereby exposing at least one of the plurality
of reactive regions 29A, 29B and a reactive entity 34 at the at least one of the
plurality of reactive regions 29A, 29B, whereby at least one other of the
independently removable coatings 36A, 36B, 36C or 36’, 36, 36" remains
unaffected; and initiating a reaction involving the reactive entity 34.

[0169] Another example of the method for using other examples of the flow
cell 10 includes selectively removing an independently removable portion of a
coating 36 or 36D positioned over each of a plurality of reactive regions 29A, 29B
spatially separated from one another across a substrate 16 or 18, thereby exposing
at least one of the plurality of reactive regions 29A, 29B and a reactive entity 34 at
the at least one of the plurality of reactive regions 29A, 29B, whereby at least one
other independently removable portions remains unaffected; and initiating a
reaction involving the reactive entity 29A, 29B.

[0170] In some examples, selectively removing the at least one of the
plurality of independently removable coatings 36A, 36B, 36C involves exposing the
plurality of independently removable coatings 36A, 36B, 36C to a predetermined
solvent that dissolves the at least one of the plurality of independently removable
coatings 36A, 36B, 36C and does not dissolve the at least one other of the
independently removable coatings 36A, 36B, 36C. The solvent or agueous solution
that is used will depend upon the respective materials for the coatings 36A, 36B,
36C. In some examples of this method, the at least one of the plurality of

independently removable coatings includes a plurality of sub-layers (i.e., is the
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multi-layer coating 38A or 38B); and selectively removing the at least one of the
plurality of independently removable coatings involves exposing the at least one of
the plurality of independently removable coatings to a sequential removal treatment
that sequentially dissolves each of the plurality of sub-layers. The combination of
solvents or aqueous solutions that are used will depend upon the respective
materials of the sub-layers in the multi-layer coating 38A or 38B.

[0171] In other examples where each of the plurality of removable coatings
36’, 36”7, 36’ has a different thickness T4, T2, Ts; selectively removing the at least
one of the plurality of independently removable coatings 36’, 367, 36’” involves
exposing the plurality of independently removable coatings 36°, 36”7, 36 to a
solvent for a predetermined time. The predetermined time is selected so that the
thinnest independently removable coating 36’ or 36" that is present on the flow cell
10 will be removed, and any thicker independently removable coating(s) 36” and/or
36" will remain partially intact. It is to be understood that during solvent exposure,
some of the thicker independently removable coating(s) 36” and/or 36™ will be
removed (because the coatings 36°, 367, 36" are formed of the same material), but
the presence of additional material in the thicker coating(s) 36” and/or 36
prevents them from being completely removed. At least one of the thicker
independently removable coating(s) 36” and/or 36’ remains partially intact after
the then-currently targeted coating 36 or 36” is removed and solvent exposure
ceases as long as a thicker coating (e.g., 36” and/or 36’") than the coating (e.qg.,
36’ or 36”) being targeted for removal is present. In these examples, the solvent
exposure time will depend upon the dissolution rate of the material of the coatings
36’, 36, 36",

[0172] In still other examples, selectively removing the independently
removable portion of the coating 36 involves exposing the coating 36 to a
predetermined solvent for a predetermined time so that the independently
removable portion is removed and a remainder of the coating 36 is left intact. This
method may be used with the examples shown in Fig. 3D and Fig. 3E. In these
examples, the solvent exposure time will depend upon the dissolution rate of the
material of the coating 36. At the selected exposure time, the thinnest portion of
the coating 36 (e.g., with thickness T or T,) that is present on the flow cell 10 will

be removed, and any thicker portions (e.g., with thickness T, or T3) remain partially
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intact. Itis to be understood that during solvent exposure, some of the thicker
portions (e.g., with thickness T, or T3) will be removed, but the presence of
additional material in the thicker portions (e.g., with thickness T, or T3) prevents
these portion(s) from being completely removed. As long as a thicker portion of the
coating 36 is present on the flow cell when the targeted (thinner) portion is
removed, this thicker portion will remain partially intact after the then-currently
targeted portion of the coating 36 is removed and solvent exposure ceases.

[0173] Still other examples of the method involve removing the photo-
cleavable protective layer 36D.

[0174] In one example when the substrate 16, 18 includes a plurality of
depressions 22 and each of the plurality of reactive regions 29A is positioned within
a respective one of the plurality of depressions 22, and each of the independently
removable coatings is the photo-cleavable protective layer 36D, selectively
removing the at least one of the plurality of independently removable coatings 36D
involves exposing the at least one of the plurality of independently removable
coatings 36D to light without exposing the at least one other of the independently
removable coatings to the light, thereby photo-cleaving the at least one of the
plurality of independently removable coatings 36D.

[0175] Two examples of this method are shown in Fig. 4, at A. through E.
andatA, B., F.,G., and E. In each of these methods, the same photo-cleavable
protective layer 36D is applied over the reactive region 29A in each of the
depressions 22. In this particular example, the reactive entity 34A in one of the
depressions 22 is different than the reactive entity 34B in the other of the
depressions 22. As one example, the reactive entities 34A, 34B may be two
different primer sets.

[0176] At A, light is used to selectively remove the photo-cleavable
protective layer 36D that overlies the reactive entity 34A. Any suitable light source
that emits the wavelength(s) of light to which the 36A, 36B, 36C is susceptible may
be used. In one example, the light source is a visible light source or a UV light
source. The light source may be part of a sequencing instrument in which the flow
cell 10 is operatively positions.

[0177] At B., a template strand 40 of a first library of template strands is

introduced and seeds to the reactive entity 34A.
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[0178] When the method continues at C., the seeded template strand 40 will
occupy a certain density of the reactive entity 34A. Once seeding takes place, and
light is used to selectively remove the photo-cleavable protective layer 36D that
overlies the reactive entity 34B. At D., another template strand 40’ of a second
library of template strands is introduced and seeds to the reactive entity 34B. In an
example, the template strand 40’ does not include an adapter for hybridizing to the
reactive entity 34A, and thus will not seed in the depression(s) 22 containing the
reactive entity 34A. In this example, different depressions 22 may contain different
reactive entities (e.q., different primer sets). In another example, the depressions
22 that are exposed during the seeding of the template strands 40 may be smaller
than the depressions 22 that are exposed during the seeding of the template
strands 40'. In these instances, the template strands 40° may be sterically blocked
from seeding in the depressions 22 containing the template strands 40.

[0179] Each of the seeded template strands 40, 40’ is then respectively
amplified and clustered across the respective reactive entities 34A, 34B, as shown
in E. This generates first library template amplicons 42 in at least one of the
depressions 22 and second library template amplicons 42’ in at least one other of
the depressions 22.

[0180] When the method continues at F., the seeded template strand 40 is
amplified and clustered across the respective reactive entities 34A to generate the
first library template amplicons 42. Once the cluster of amplicons 42 is generated
using the reactive entity 34A, light is used to selectively remove the photo-
cleavable protective layer 36D that overlies the reactive entity 34B (also shown at
F.). AtG., another template strand 40’ of a second library of template strands is
introduced and seeds to the reactive entity 34B. The seeded template strand 40’ is
then amplified and clustered across the reactive entity 34B, as shown in E. This
generates the second library template amplicons 42’ in at least one other of the
depressions 22.

[0181] In still another example when the substrate 16, 18 includes a plurality
of protrusions 24 and each of the plurality of reactive regions 29B is formed with a
respective one of the plurality of protrusions 22, and each of the independently
removable coatings is the photo-cleavable protective layer 36D, selectively

removing the at least one of the plurality of independently removable coatings 36D
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involves exposing the at least one of the plurality of independently removable
coatings 36D to light without exposing the at least one other of the independently
removable coatings to the light, thereby photo-cleaving the at least one of the
plurality of independently removable coatings 36D.

[0182] In another example when the photo-cleavable protective layer 36D is
a single layer positioned over a plurality of reactive regions 29A or 29B, the method
involves selectively removing at least one portion of the coating 36D by exposing
the portion(s) of the coating 36D to light without exposing the other portion(s) of the
coating 36D to the light, thereby photo-cleaving the portion(s).

[0183] After selective removal of the individually removable coating 36A,
36B, 36C, 36, 36", 36", or 36D or the portion of the coating 36 or 36D, a reaction
may be performed at the exposed reactive region(s) 29A, 29B. The reaction(s)
performed will depend upon the reactive entity 34A, 34B at the reactive region 29A,
29B. In one example, the reactive entity 34A, 34B is an immobilized transposome
complex and the reaction involves tagmentation of an introduced DNA sample. In
another example, the reactive entity 34A, 34B is the primer set and the reaction
involves seeding of a library template strand, amplification of the library template

strand to form amplicons, and then sequencing of the amplicons.

[0184] Digital Fluidics Cartridge

[0185] Another example device that enables controlled access to reactive
regions 29C is the digital fluidics cartridge 50 shown in Fig. 5, which includes a
laminate film 44 a resin 46 positioned on the laminate film 44, the resin 46
patterned with a plurality of spatially separated reactive regions 29C; a lid 48
attached to a bonding region 20 of the resin 46; a fluid channel 12’ defined between
the lid 48 and the resin 46; and a ground electrode 52 positioned on a surface of
the lid 48 that faces the fluid channel 12’

[0186] The digital fluidics cartridge 50 may be used in a digital fluidics
system 54 which includes a digital fluidics instrument 56. The digital fluidics
instrument 56 includes a plurality individually addressable control electrodes 58A,
58B, 58C.

[0187] In the example shown in Fig. 5, the laminate film 44 may be

poly(ethylene terephthalate) or another thin plastic material. The thickness of the
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laminate film 44 may range from about 30 um to about 200 ym. The laminate film
44 can act as a support for the resin 46. The resin 46 may be any examples of the
resin materials set forth herein (e.g., for layer 28), and the reaction area 29C
includes depressions 22 containing the polymeric hydrogel 32 and an example of
the reactive entity 34 attached to the polymeric hydrogel 32 (neither of which is
shown in Fig. 5).

[0188] The lid 48 may be any of the example materials set forth herein, and
may be attached to the bonding region 20 through any of the spacer layer materials
set forth herein. The spacer layer is represented at reference numeral 60.

[0189] The ground electrode 52 may be any conductive material that can
transmit the light used in the reaction(s) that is/are to take place in the reactive
regions 29C. As examples the ground electrode 52 may be poly(3,4-
ethylenedioxythiophene) (PEDOT) or indium tin oxide (ITO).

[0190] The plurality of individually addressable control electrodes 58A, 58B,
58C may be defined in a non-conductive (i.e., not electrically conductive) substrate
62 of the instrument 56. Examples of non-conductive substrates 62 include glass,
rubber, porcelain, ceramic, and some polymeric materials.

[0191] The plurality individually addressable control electrodes 58A, 58B,
58C in the instrument 56 enable the regioselective movement of droplets along the
surface of the resin 46. As shown in Fig. 5, the depressions 22 (containing the
reactive regions 29A) are positioned over portions of the laminate film 44 that
overlie the individually addressable control electrodes 58A, 58B, 58C. This
positioning generates regions of selective functionalization.

[0192] Fig. 6A through Fig. 6C respectively illustrate top views of the resin 46
of the cartridge 50 with A) reactive regions 29C, 29D, 29E defined in three specific
areas, B) the individually addressable control electrode (e.g., including electrodes
58A, 58B, 58C, etc.) array of the instrument 56, and C) the cartridge 50 in position
on the instrument 56. The electronic circuitry electrically connected to each of the
electrodes 58A, 58B, 58C, etc. enables one or more of the electrodes 58A, 58B,
58C, etc. to be addressed at a particular time. Thus, electrically responsive fluids
can be directed to one of the reactive regions 29C, 29D, 29E and not to the others
depending on which of the electrodes 58A, 58B, 58C is addressed.
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[0193] Clauses
[0194] 1. A flow cell, comprising:

a substrate;

a plurality of reactive regions spatially separated from one another
across the substrate, each of the plurality of reactive regions including:

a polymeric hydrogel layer; and

a reactive entity attached to the polymeric hydrogel layer; and

a plurality of independently removable coatings respectively
positioned over each of the plurality of reactive regions.
[0195] 2. The flow cell as defined in clause 1, wherein at least one of the
plurality of independently removable coatings has a different removal characteristic
than at least one other of the plurality of independently removable coatings.
[0196] 3. The flow cell as defined in clause 2, wherein each of the plurality
of independently removable coatings has a different removal characteristic than
each other of the plurality of independently removable coatings.
[0197] 4. The flow cell as defined in clause 2 or clause 3, wherein the
removal characteristic is solubility.
[0198] 5. The flow cell as defined in any one of clause 1 through clause 4,
wherein the reactive entity in each of the plurality of reactive regions is a primer set.
[0199] 6. The flow cell as defined in clause 5, wherein the primer set is the
same in each of the plurality of reactive regions.
[0200] 7. The flow cell as defined in clause 5, wherein the primer set of at
least one of the plurality of reactive regions is different than the primer set of at
least one other of the plurality of reactive regions.
[0201] 8. The flow cell as defined in any one of clause 1 through clause 7,
wherein:

at least one of the plurality of independently removable coatings
includes a plurality of sub-layers; and

the plurality of sub-layers defines a removal characteristic of the at
least one of the plurality of independently removable coatings.
[0202] 9. The flow cell as defined in any one of clause 1 through clause 4 or
clause 8, wherein the reactive entity in each of the plurality of reactive regions is an

enzyme tag.
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[0203] 10. The flow cell as defined in any one of clause 1 through clause 7
or clause 9, wherein each of the plurality of removable coatings has a different
thickness.
[0204] 11. The flow cell as defined in any one of clause 1 or clause 5
through clause 9, wherein:

the substrate includes a plurality of depressions;

each of the plurality of reactive regions is positioned within a
respective one of the plurality of depressions; and

each of the independently removable coatings is a photo-cleavable
protective layer.
[0205] 12. The flow cell as defined in clause 11, wherein the photo-
cleavable protective layer is a hydrophilic polymer cross-linked with a photo-
cleavable cross-linker or an acid-labile cross-linker.
[02086] 13. The flow cell as defined in clause 11, wherein the photo-
cleavable protective layer is a hydrophilic polymer capped with a photo-cleavable

hydrophobic group or an acid-labile group.

[0207] Additional Notes

[0208] It should be appreciated that all combinations of the foregoing
concepts and additional concepts discussed in greater detail below (provided such
concepts are not mutually inconsistent) are contemplated as being part of the
inventive subject matter disclosed herein. |n particular, all combinations of claimed
subject matter appearing at the end of this disclosure are contemplated as being
part of the inventive subject matter disclosed herein. It should also be appreciated
that terminology explicitly employed herein that also may appear in any disclosure
incorporated by reference should be accorded a meaning most consistent with the
particular concepts disclosed herein.

L]

[0209] Reference throughout the specification to “one example”, “another
example”, “an example”, and so forth, means that a particular element (e.qg.,
feature, structure, and/or characteristic) described in connection with the example
is included in at least one example described herein, and may or may not be

present in other examples. In addition, it is to be understood that the described
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elements for any example may be combined in any suitable manner in the various
examples unless the context clearly dictates otherwise.

[0210] While several examples have been described in detalil, it is to be
understood that the disclosed examples may be modified. Therefore, the foregoing
description is to be considered non-limiting.
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What is claimed is:

1. A flow cell, comprising:
a substrate;
a plurality of reactive regions spatially separated from one another across
the substrate, each of the plurality of reactive regions including:
a polymeric hydrogel layer; and
a reactive entity attached to the polymeric hydrogel layer; and
a plurality of independently removable coatings respectively positioned over

each of the plurality of reactive regions.

2. The flow cell as defined in claim 1, wherein at least one of the plurality of
independently removable coatings has a different removal characteristic than at
least one other of the plurality of independently removable coatings.

3. The flow cell as defined in claim 2, wherein each of the plurality of
independently removable coatings has a different removal characteristic than each

other of the plurality of independently removable coatings.

4. The flow cell as defined in claim 3, wherein the removal characteristic is

solubility.

5. The flow cell as defined in claim 1, wherein the reactive entity in each of

the plurality of reactive regions is a primer set.

6. The flow cell as defined in claim 5, wherein the primer set is the same in
each of the plurality of reactive regions.

7. The flow cell as defined in claim 5, wherein the primer set of at least one
of the plurality of reactive regions is different than the primer set of at least one
other of the plurality of reactive regions.
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8. The flow cell as defined in claim 1, wherein:

at least one of the plurality of independently removable coatings includes a
plurality of sub-layers; and

the plurality of sub-layers defines a removal characteristic of the at least one

of the plurality of independently removable coatings.

9. The flow cell as defined in claim 1, wherein the reactive entity in each of

the plurality of reactive regions is an enzyme tag.

10. The flow cell as defined in claim 1, wherein each of the plurality of

removable coatings has a different thickness.

11. The flow cell as defined in claim 1, wherein:

the substrate includes a plurality of depressions;

each of the plurality of reactive regions is positioned within a respective one
of the plurality of depressions; and

each of the independently removable coatings is a photo-cleavable

protective layer.

12. The flow cell as defined in claim 11, wherein the photo-cleavable
protective layer is a hydrophilic polymer cross-linked with a photo-cleavable cross-

linker or an acid-labile cross-linker.

13. The flow cell as defined in claim 11, wherein the photo-cleavable
protective layer is a hydrophilic polymer capped with a photo-cleavable
hydrophobic group or an acid-labile group.

14. A method, comprising:

selectively removing at least one of a plurality of independently removable
coatings respectively positioned over each of a plurality of reactive regions spatially
separated from one another across a substrate, thereby exposing at least one of

the plurality of reactive regions and a reactive entity at the at least one of the
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plurality of reactive regions, whereby at least one other of the independently
removable coatings remains unaffected; and

initiating a reaction involving the reactive entity.

15. The method as defined in claim 14, wherein selectively removing the at
least one of the plurality of independently removable coatings involves exposing the
plurality of independently removable coatings to a predetermined solvent that
dissolves the at least one of the plurality of independently removable coatings and

does not dissolve the at least one other of the independently removable coatings.

16. The method as defined in claim 14, wherein:

the at least one of the plurality of independently removable coatings includes
a plurality of sub-layers; and

selectively removing the at least one of the plurality of independently
removable coatings involves exposing the at least one of the plurality of
independently removable coatings to a sequential removal treatment that

sequentially dissolves each of the plurality of sub-layers.

17. The method as defined in claim 14, wherein:

each of the plurality of removable coatings has a different thickness; and

selectively removing the at least one of the plurality of independently
removable coatings involves exposing the plurality of independently removable

coatings to a solvent for a predetermined time.

18. The method as defined in claim 14, wherein selectively removing the at
least one of the plurality of independently removable coatings involves exposing the
at least one of the plurality of independently removable coatings to light without
exposing the at least one other of the independently removable coatings to the
light, thereby photo-cleaving the at least one of the plurality of independently

removable coatings.
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19. A digital fluidics cartridge, comprising:
a laminate film;
a resin positioned on the laminate film, the resin patterned with a plurality of
spatially separated reactive regions;
5 a lid attached to a bonding region of the resin;
a fluid channel defined between the lid and the resin; and
a ground electrode positioned on a surface of the lid that faces the fluid

channel.

10 20. A digital fluidics system, comprising:
a digital fluidics instrument including a plurality individually addressable
control electrodes; and
a digital fluidics cartridge, including:
a laminate film to be positioned in operative communication with the
15 plurality individually addressable control electrodes;

a resin positioned on the laminate film, the resin patterned with a
plurality of spatially separated reactive regions that are to be respectively
aligned with the plurality individually addressable control electrodes;

a lid attached to a bonding region of the resin;

20 a fluid channel defined between the lid and the resin; and
a ground electrode positioned on a surface of the lid that faces the

fluid channel.
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