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(57) Abstract: Some embodiments described herein relate to a substrate with a surface comprising a silane or a silane derivative co-
vaiently attached to optionally substituted cycloaikene or optionally substituted heterocycloalkene for direct conjugation with a func -
tionalized molecule of interest, such as a polymer, a hydrogel, an amino acid, a nucleoside, a nucleotide, a peptide, a polynucleotide,
or a protein. In some embodiments, the silane or silane derivative contains optionally substituted norbornene or norbornene derivat -
ives. Method for preparing a functionalized surface and the use in DNA. sequencing and other diagnostic applications are also dis -
closed.
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CATALYST-FREE SURFACE FUNCTIONALIZATION AND POLYMER GRAFTING

CROSS-REFERENCE TO RELATED APPLICATIONS

{6061 The present application claims the benefit of priority to U.S. Provisional
Patent Application No., 61/841,647 filed on July 1, 2013, and U.S. Provisional Patent
Application No. 61/971,381 filed on March 27, 2014, cach of which 18 hereby expressly
incorporated by reference in its entirety,

FIELD

[60662] In general, the present application relates to the fields of chemistry, biology
and material science. More specifically, the present application relates to a substrate with a
surface comprising a silane or silane denivative comprising optionally substituted unsaturated
moieties selected from cycloalkenes, cycloalkynes, heterocycloalkenes, or heterocycloalkyues
covalently attached thereto for direct conjugation with a functionalized molecule of mterest.
Methods for preparing a functionshized surface and the use in DNA sequencing and other

diagnostic applications are also disclosed.

BACKGROUND

16003] Polymer or hydrogel-coated substrates are used in many technological
applications. For cxample, implantable medical devices can be coated with biologically inert
polymers. In another cxample, polymer or hydrogel coated substrates are used for the
preparation and/or analysis of biological molecules. Molecular analyses, such as certain nucleic
acid sequencing methods, rely on the attachment of nucleic acid strands to a polymer or
hydrogel-coated surface of a substrate. The sequences of the attached nucleic acid strands can
then be determined by a number of different methods that are well known in the art.

[0084] In certain sequencing-by-synthesis processes, one or more surfaces of a flow
cell are coated with a polymer or a hydrogel to which nucleic acids are attached. Current
commercial flow cells utilize a non-attached gel coating. Use of an appropriate conjugating
chemistry may provide for commercially viable flow cells having covalently attached gel
coatings. Considerations such as cost of materials, compatibility with manufacturing processes,
stability during storage and shippiug, and the abilily to support downstream chemical processing

steps such as nucleic acid amplification and sequencing are important to consider.  This
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disclosure provides a particularly useful chemistry having several advantages as will become

apparvent from the disclosure,

SUMMARY
[B065] The present application discloses new ways to prepare the surface of a

substrate for direct conjugation of an appropriately functionalized hydrogel, polymer, molecule
or biomolecule of interest. The surface is treated with a silane or a silane derivative comprising
a first plarality of optionally substituted unsaturated moieties selected from cycloalkenes,
cycloalkynes, heterocycloalkenes, or heterocycloalkynes covalently bounded to the silicon atoms
of the stlane or silane derivative etther directly or via linkers, such as norbornene, cyclooctene,
cyclooctyne, bicycloalkynes, or any cycloalkenes, c¢ycloalkynes, heterocycloalkenes,
heterocycloalkynes or derivatives thercof where ring stramn 18 present, without the need of
catalyst or additional cross-linking agents. In particular embodiments, the implementation of the
present application eliminates the use of additional cross-linking compounds or catalysts, and
provides a single surface modification process as a common starting point to obtain a large
variety of functionalized surfaces for use in DNA sequencing and other diagnostic applications.
fu addition, substrate surfaces prepared accordingly to the preseut application were found to have
higher stability resulting 1o longer shelf life and reduced surface coutamunation upon storage,
Lastly, substrate surfaces prepared according to the present application were found to have
unique surface affinity compared to standard silancs (such as APTES or APTMS), which
resulted in better wettability with aqueous based components and more homogeneous coatings.
[6086] The present application also discloses new ways to graft primers to the
surface of a substrate. In one embodiment, the surface is treated with stlane or a silane
derivative comprising a first plurality of optionally substituted unsaturated moteties selected
from cycloalkenes, cycloalkynes, heterocyeloalkenes, or heterocycloalkynes covalently bounded
to the silicon atorns of the silane or silane derivative either directly or via hinkers, without the
need of catalyst or additional cross-linking agents. Then, the primer is pre-conjugated with a
functional molecule with functional groups covalently bonded to oligonucleotides, where the
oligonucleotides comprises a second plurality of optionally substituted unsaturated moietics
selected from cycloalkenes, cycloalkynes, heterocycloalkenes, or heterocycloalkynes, such as
cyclooctyne or bicycloalkynes, e.g., bicyelo[6.1.0inon-4~yne. Finally, the pre-conjugated primer
is covalently attached to the silane or silane derivative by reacting the functiounal groups of the

functionalized molecule with the unsaturated moteties of the silane or silane derivative.
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{6097] Some embodiments described herein relate to a substrate comprising a first
surtace comprising stlane or a silane dertvative covalently bound to a functionalized molecule
through a first plorality of unsaturated moicties sclected from cycloalkenes, cycloalkynes,
heterocycioalkenes, heterocycloalkynes, or optionally substituted variants or combinations
thereof covalently attached to silicon atoms of the silane or silane derivative. In some
embodiments, the substrate further comprises oligonuciecotides covalently attached to the
functionalized molecule through a second plarality of unsaturated moicties selected from
cycloalkenes, cycloalkynes, heterocycloalkenes, heterocycloalkynes, or optionally substituted
variants or combinations thereofl

j6008] Some embodiments described herein relate to a method of immobilizing a
functionalized molecule comprising functional groups to a first surface of a substrate, the
method comprising: applying silane or a silane derivative comprising a first phurality of
unsaturated  moieties  selected  from  cycloalkenes, cycloalkynes, heterocycloalkenes,
heterocycloalkynes, or optionally substituted variants or combinations thereof covalently
attached thercto onto the first surface of the substrate; and covalently attaching the
functiopalized molecule to the silane or silane derivative by reacting the functional groups of the
functionalized molecule with the first plurality of unsaturated moicties to form a coating layer.
In some embodiments, the method further comprises providing oligonucleotides comprising a
second plurality of unsaturated moicties sclected from cycloalkenes, cycloalkynes,
heterocyclioalkenes, heterocycloalkynes, or optionally substituted variants or combinations
thereof; and reacting the second plurality of unsaturated moieties of the oligonucleotides with the
functional groups of the fimctionalized molecule to form covalent bonding.

0009} Some embodiments described herein relate to a method of gratting primers to
a first surface of a substrate, the method comprising:

providing a substratc comprising a coating layer on a first surface of the substrate,
wherein the coating layer comprises silane or a silane derivative covalently bound to a
functionalized molecule through a first plurality of unsaturated moieties of the silane or silane
derivative, wherein the functionalized molecule comprises functional groups, and wherein the
first plorality of unsaturated wmoieties are selected from  cycloalkenes, cycloalkynes,
heterocycioalkenes, heterocycloalkynes, or optionally substituted vanants or combnations
thereof:

contacting oligonucleotides comprising a sccond pluralty of unsaturated moictics
selected from cycloalkencs, cycloallynes, heterocycloalkenes, heterocycloalkynes, or optionally

substituted variants or combinations thereot with the coating layer; and

3~
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reacting the second plurality of unsaturated moieties of the oligonucieotides with the
functiopal groups of the functionahized wolecule to formn covalent bonding. In sowe
embodiments, the coating layer is prepared by applying silane or a silane derivative comprising
the first plurality of vosaturated moicties onto the first surface of the substrate, and covalently
attaching the functionalized molecule to the silane or silane derivative by reacting the functional
groups of the functionalized molecule with the first plurality of unsaturated moictics.

6016} Some embodiments described herein relate to a method of grafting primiers on
a first surface of a substrate, the method comprising:

providing a substrate having a first surface comprising silane or a silane derivative,
wherein said silanc or a silane derivative comprises a first plurality of unsaturated motetics
selected from cycloalkencs, cycloalkynes, heterocycloalkenes, heterocycloalkynes, or optionally
substituted variants or combinations thercot covalently attached thercto onto the first surface of
the substrate;

providing pre-conjugated primers comprising oligonucleotides covalently bonded to a
functionalized molecule, wherein said functionalized molecule comprises functional groups, and

contacting the pre-conjugated primers with the silane or silane derivative such that the
pre-conjugated primers are covalently attached to the {first surface of the substrate by reacting the
functional groups of the functionalized molecule with the first plarality of vusaturated moieties
of the silanc or stlane derivative to form covalent bonding,

6011} In some embodiments, the pre-conjugated primers are prepared by reacting
the functional groups of said functionalized molecule with a second plurality of unsaturated
moieties of said oligonucleotides to form covalent bonds, wherein said second plurality of
unsaturated moieties of said oligonucleotide are selected {rom cycloalkenes, cycloalkynes,
heterocycloalkenes, heterocycloalkynes, or optionally substituled variants or combinations
thereof.

{8012] In any of the embodiments described herein, the first plurality of unsaturated
moictics can be selected from norbornene, heteronorbornenes, norbornene derivatives, trans-
cyclooctene, trans-cyelooctene derivatives, eyclooctyne, bicycloalkynes, or optionally substituted
variants or combinations thereof.  In some other embodiments, any other cycloalkenes,
cycloalkynes, heterocycloalkenes, or heterocycloalkynes presenting ring strain can also be used.
fn some embodiments, the the first plurality of unsaturated moicties can be optionally substituted
norbormencs. In some embodiments, the first plurality of unsaturated moietics can be optionally

substituted cyclooctyne, In some embodiment, the first plurality of unsaturated moictics can be

A
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selected from optionally substituted bicyclononynes. In some embodiments, the optionally
substituted bicyclononynes comprise bicyclo[6.1.0non-4-yue.

[0013] In any of the cmbodiments described herein, the sccond plurality of
unsaturated moieties  of the oligonucleotides can be selected from  norbornene,
heteronorbornenes, norborene derivatives, trans-cyclooctene, trans-cyclooctene derivatives,
cyclooctyne, bicycloalkynes, or optionally substituted variants or combinations thereof, In some
other embodiments, any other cycloalkenes, cycloalkynes, heterocyeloalkenes, or
heterocycloalkyunes presenting ring strain can also be used. In some embodiments, the secound
plurality of uunsaturated moicties can be optionally substituled cyclooctyne.  In some
embodiments, the second plurality of unsaturated moictics can be optionally substituted
bicyclononynes. In some further embodiments, the optionally substituted bicyclononynes
comprise bicyclo[6.1.8non-4-yne.

6814} In any of the embodiments described herein, the silane or silane derivative can

comprise the following formula:

R*  where R', R? and R’ can cach be independently selected from hydrogen,
halogen, optionally substituted alkyl, optionally substituted alkoxy, optionally substituted arvl,
optionally substituted aryloxy, optionally substituted hetercaryl or optionally substituted
heteroaryloxy. In some embodiments, each R', R? and R’ can be independently selected from
optionally substituted atkoxy. In some such embodiments, each of R', R” and R’ is methoxy.

{6015 In any of the embodiments described herein, the silane or silane derivative can
be applied onto the first surface by chermical vapor deposition. In some other embodiments, the
sitlane or silanc derivative can be applied onto the first surface by Yield Engineering Systems
(YES} method.

{8016] o any of the embodiments described herein, the silane or silane derivative
further coruprises linkers covalently attached between siicon atoms of the silane or silane
derivative and the tirst plurality of unsaturated moieties. In some such embodiments, the hnkers
are selected from optionally substituted alkylencs, optionally substituted heteroalkylenes,
optionally substituted cycloalkylenes, optionally substituted heterocyelylenes, optionally
substitited arylenes, optionally substituted heteroarylenes, optionally substituted polyethylene
glycols, cleavable linkers, or combinations thercof. In some such embodiments, the linkers are
optionally substituted alkylene linkers. In some further such embodiments, the linkers are

optionally substituted ethylene linker. In some other such embodiments, the linkers are
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cleavable linkers. In some such embodiments, the cleavable linkers are selected from (-8-S-},
esters, nitrobenzene, imines, peptides, oligonucleotides, or polynucleotides.

[6017] In any of the embodiments described hercin, the functionalized molecule
comprises a polymer, a hydrogel, an amino acid, a peptide, a mucleoside, a nucleotide, a
polynucleotide, a protein, or combinations thereof. In some embodiments, the functionalized
molecule is selected from a polymer, a hydrogel, an amino acid, a peptide, a nucleoside, a
nucleotide, a polynucleotide, a protein, or combinations thereof, In some further embodiments,
the functionalized molecule 15 2 hydrogel or a polymer comprising one or more functional
groups selected from azido, optionally substituted amuno, optiopally substituted alkenyl,
optionally substituted hydrazone, optionally substituted hydrazine, carboxyl, hydroxy, optionally
substituted tetrazole, optionally substituted tetrazine, nitrile oxide, nitrone or thiol. In some
embodiments, the functionalized molecule comprises a polymer or hydrogel comprising a
recurring unit of Formula (1) and a recurring unit of formula (I as described below in the
Detailed Description of Embodiments. In some embodiments, the functionalized molecule
comprises a polymer comprising Formula (HI) or (I as described below in the Detailed
Description of Embodiments.

j6018] In any of the embodiments described hercin, the functionalized molecule
comprises functional groups selected from optionally substituted alkenyl, azido, optionally
substitited amino, carboxyl, optionally substituted hydrazone, optionally substituted hydrazine,
hydroxy, optionally substituted tetrazole, optionally substituted tetrazine, nitrile oxide, nitrone,
or thiol, provided that the functionalized molecule is not norbornens or polymerized norbornene,
in some such embodiments, the functionalized molecule comprises azido groups. In some
embodiments, the functionalized molecule i3 poly(N-(S-azidoacetamidylpentyDacrylamide-co-
acrylamide) (PAZAM).

[6019] In any of the embodiments described herein, the substrate is sclected from
glass substrate, stlica substrate, quartz, plastic substrate, metal substrate, metal oxide substrate,
or combinations thereof. In one embodiment, the substrate is a glass substrate.

{6020] In any of the embodiments described herein, the first surface comprises both
functiopalized molecules coated regions and wert regions. In sorue embodiments, the wert
regions are sclected from glass regions, metal regions, mask regions or interstitial regions, or
combinations thereof, In one embodiment, the inert regions comprise glass.

16021} In any of the embodiments of the methods described herein, the method can

further comprise a washing step to remove excess unbounded functionalized molecules.
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{00221 In any of the embodiments of the methods described herein, the method can
further comprise a drying step.
[6023] In any of the embodiments of the methods for grafting primers as described

herein, the wethod can futher comprise a washing step fo remove excess unbounded

oligonuclectides.
BRIEF DESCRIPTION OF THE DRAWINGS
16024} FiG. 1A shows a glass substrate silanized with a norbornene-silane derivative

[(5-bicyclo]2.2. 1 Thept-2-enyliethyljtrimethoxysilane (1a) and subsequently coated and thermally
cross-tinked with PAZAM,

[6025] FIG, 1B shows the related chart of median Typhoon intensity of the grafted
norbornene silane derivative (1a) silanized/ PAZAM coated unpatterned surface hybridized with
a complimentary TET dye-containing oligonucleotide sequence.

0026} FIG. 2A shows a glass substrate patterned with nanowells silanized with the
norbornenc-silane derivative {1a) and subsequently coated and thermally cross-linked with
PAZAM,

{08271 FIG. 2B shows the related chart of median fluorescence intensilics of the
grafted norbornene silanc derivative {(la) silanized/ PAZAM coated unpatterned surface
hybridized with a complimentary TET dye-containing oligonucleotide sequence.

[6028] FIG. 3A shows a Typhoon fluorescence image of the grafted surface
hybridized with a complimentary dye-containing oligonucicotide sequence using acrylamide
functionahized substrate.

16029] FiG. 3B shows a Typhoon fluorcscence image of the grafted surface
hybridized with a complimentary dye-containing oligonucieotide sequence using norbornenc
stlane derivative (1a) silanized PAZAM coated substrate,

[6030] FIG, 3C shows that a 0.25% aqueous PAZAM solution wets a norbornene
stlane derivative (1a) silanized surface.

16031} FIG. 4 shows the sequencing metrics of the grafted primer from the substrate
prepared by the procedure desceribed in Example 1.

[6032] FiG. SA shows an inital Typhoon image of the gratted surface of a substrate
using a copper-free grafting method with BCN modified primers.

{8033] FIG. 3B is a line and bar chart that dlustrates the munial TET QC data after
grafting a PAZAM surface with BON meodified primers and surface loss percentage as measured

after a thermal Siress Test.
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16034] FIG. 6A shows an mital Typhoon image of the grafted surface of a substrate
using copper-free grafiing method and different concentrations of BCN modified primers.

[0035] FIG. 6B is a linc and bar chart that illustrates the initial TET QC data after
grafting a PAZAM surface with different concentrations of BCN modified primers and surface
loss percentage as measured after a thermal Stress Test.

6036} FIG. 7A shows a fluorescence image of clusters grown fromm a BON modified
primer grafted surface with low cluster density.

{6837} FEG. 7B shows a fluorescence image of clusters grown from a BON modified
primer grafted surface with high cluster density.

j0038] FIGs. 8A and 8B shows a thumbnail image of clusters from both surfaces of 2
channel coated with 4 pre-conjugated PAZAM muixture obtained from a standard HiSeq system.

10039] FIG, 9 shows a thumbnail image of clusters from one surface of a channel

coated with pre-conjugated PAZAM mixture obtained from a standard MiSeq system.

DETAILED DESCRIPTION OF EMBODIMENTS

[6040] Embodiments of the invention relate to the conjugation of a functionalized
molecule to the surface of a substrate functionalized with silane or a silane derivative having
optionally substituted unsaturated moicties selected from cycloalkenes, cycloalkynes,
heterocycloalkenes, or heterocycloalkynes covalently bonded to the silicon atoms of the silane or
silane derivative. In one embodiment, the functionalized molecule i3 a hydrogel, polymer or
other molecule that is desired to be attached to a substrate.  In some embodiments, the
functionalized molecule 13 conjugated to a surface through a vorbomene derivative, such as a
norbornenc-derivatized stlane, such as [(S-bicyclo]2.2. 1 Thept-Z-enyhethyljirimethoxysilane. In
some embodiments, the functionalized molecule 18 conjugated to a surface through a
cycloalkyne-derivatized silane, such as cyclooctyne or a bicyclononyne-derivatized silane, for
example, bicyclof6.1.0]non-4-yne derivatized silane, or mixtures thercof.

16041} Some ervbodiments relate to a flow cell for performung seguencing-by-
syuthesis reactions that ncludes a hydrogel, such as poly(N-(5-azidoacetamidylpentyl)
acrylamide-co-acrylamde) (“PAZAM”) conjugated to a glass substrate through a norbormene-
dertvatized silanc linkage, a cyclooctyne-denivatized silane linkage, or a bicyclononyne-
derivatized silane hinkage.

{6842] Some embodiments related to a flow cell for performing sequencing-by-

synthesis reactions that inchude oligonucleotides, such as a PS5 or P7 primer conjugated to a
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hydrogel or polymer coated substrate surface through cyclooctyne or bicyclononyne-derivatized

iinkage, such as bicyclo[6.1.0non~-4~yne derivatized hukage.

Definitions

[0043] Uniess defined otherwise, all technical and scientific terms used herein have
the same meaning as is commonly understood by one of ordinary skill in the art.  All patents,
applications, published applications and other publications referenced herein are incorporated by
reference in their entirety unless stated otherwise.  In the event that there are a plurality of
definitions for a term herein, those 1o this section prevail uuless stated otherwise. As used m the
specification and the appended claims, the singular forms “a,” “an” and “the” ineclude plural
referents unless the context clearly dictates otherwise, Unless otherwise indicated, conventional
methods of mass spectroscopy, NMR, HPLC, protein chemistry, biochemistry, recombinant
DNA techniques and pharmacology are employed. The use of “or” or “and” means “and/or”
unless stated otherwise. Furthermore, use of the term “including” as well as other forms, such as
“include”, “includes,” and “included,” is not limiting. As used in this spectfication, whetherina
transitional phrase or in the body of the claim, the terms “comprise(s)” and “comprising” are to
be interpreted as having an open-ended meaning,  That is, the terms are to be interpreted
synonymously with the phrases “having at least” or “including at least.” When used i the
context of a process, the termn “comprising” means that the process includes at least the recited
steps, but may include additional steps. When used in the context of a compound, composition,
or device, the term “comprising” means that the compound, composition, or device includes at
icast the recited featurcs or components, but may also include additional features or components.

106044 The section headings used herein are for orgamizational purposes only and are

not to be coustrued as Hrting the subject matier described.

3045 As used herein, common organic abbreviations are defined as follows:
Ac Acetyl
AcO Acetic anhydride
APTS aminopropyl silane
APTES {(3-aminopropylitriethoxysilane
APTMS (3-armnopropylitrimethoxysilane
ag. Aqueous
Azapa N-{5-azidoacetamidylpentyl) acrylamide
BCN Bicyclol6.1.0] non-4-yne
BHT Butylated hydroxyl toluene

G
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Benazyl

Brapa or BRAPA N-~(5-bromoacetamidylpeutyl} acrylande

Bz
BOC or Bog
Bu

CMP
CyCl
CVb
°C
dATP
dCTP
dGTP
dTTP
DBYU
DCA
BCE
DCM
DIEA
DIPEA
DMA
DME
DMF
DMS(O
DPPA
Et
EtOAc
24

GPC
horhr
iPr
K¥i
KPS

Beunzoyl

tert-Butoxycarbonyl

n-Butyl

Catalytic

Carbobenzyloxy

Chemical mechanical polishing
Cyanuric chloride

Chemical vapor deposition
Ternperature 1 degrees Centigrade
Deoxyadenosine friphosphate
Deoxycytidine triphosphate
Deoxyguanosine triphosphate
Deoxythymidine triphosphate
1,8-Diazabicyclo[5.4.0jundec-7-ene
Dichloroacetic acid
1,2-Dichloroethane

Methylene chlonde
Disopropylethylamine
Diisopropylethylamine
Dimethylacetarmide
Dimethoxyethane
N,N-Dimethylformamide
Dimethylsulfoxide
Diphenylphosphoryl azide

Ethyl

Ethyl acetate

Oramis)

Gel permeation chromatography
Hour{s)

isopropyl

16 mM potassium phosphate buffer at pH 7.0

Potassium persulfate

~10-
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PA Isopropyl Alcohol

LCMS Liguid chromatography-mass spectrotoetry
LDA Lithiura dusopropylamide

m oF min Minute(s)

mCPBA meta-Chloroperoxybenzoic Acid

MeCH Methanol

MeCN Acetonitrile

mi Milliliter(s)

MTBE Methyl tertiary-butyl ether

NaMNs Sodium Azide

NHS N-hydroxysuccinimide

NHS-AA Acrylic acid N-hydroxysuccinimide ester
PAZAM poly(N-(S-azidoacetamidylpentyly  acrviamide-co-acrylamide) of

any acrviamide to Azapa ratio

PG Protecting group
Ph Phenyl

PMEDTA NONGN, NY, N'-Pentamethyldiethylenctriamine

ppt Precipitate

it Room temperature

SBS Sequencing-by-Synthesis

SFA Silane Free Acrvlamide as defined mm US. Pat. Pub. No.
2011/0059865

Sulfo-HSAB or SHSAB N-Hydroxysulfosuccinimidyl-4-azidobenoate

TEA Tricthylamine

TEMPO {2,2,6,6~Tetramethylpiperidin-I-yhoxyl
TCDE 1, P'-Thiocarbonyl diimidazole

Teri, 1 tertiary

TFA Trifluoracetic acid

THF Tetrahydrofuran

TEMED Tetramethylethylenediamuine

YES Yicld Engineering Systems

ul Microliter(s)

6046 As used herein, the term “array” refers to a population of different probe

molecules that are attached to one or more substrates such that the different probe molecules can

-11-
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be differentiated from each other according to relative location. An array can include different
probe molecules that are each located at a different addressable location on a substrate,
Alternatively or adduionally, an array can wnclude separate substrates each bearing a different
probe molecule, whercin the different probe molecules can be identified according to the
locations of the substrates on a surface to which the substrates are attached or according to the
iocations of the substrates in a hiquid. Exemplary arrays in which separate substrates are located
on a surface include, without limitation, those including beads in wells as described, for
example, in U.S. Patent No. 6,355,431 BI, US 2002/8102578 and PCT Publication No. WO
(30/63437. BExewmplary formats that can be used in the present application to distinguish beads in
a liguid array, for example, using a wicrofluidic device, such as a fuorescent activated cell
sorter (FACS), are described, for example, in US Pat. No. 6,524,793, Further examples of arrays
that can be used wn the apphication nclude, without limitation, those described in ULS. Pat Nos.
5,429,807; 5,436,327, 5,561,071; S5,583,211; 5,658,734; 5,837.858; 5,874,219, 5,919,523;
6,136,269; 6,287,768; 6,287,776; 6,288,220; 6,297,006, 6,291,193; 6,346,413, 6,416,949;
6,482,591; 6,514,751 and 6,610,482; and WO 93/17126; WO 95/11995; WO 95/35505; EP 742
287; and EF 799 897,

{60471 As used herein, the term “covalently attached” or “covalently bonded” refers
to the forming of a chemical bonding that is characterized by the sharing of pairs of electrons
between atomns, For example, a covalently attached polymer coating refers to a polymer coating
that forms chemical bonds with a functionalized surface of a substrate, as compared to
attachment to the surface via other means, for example, adhesion or electrostatic interaction. It
will be appreciated that polymers that are attached covalently to a surface can also be bonded via
means in addition to covalent attachment, for example, physisorption.

10048} As used herein, “C, to Gy7 or “C,” i which “2” and “b” are integers refer to
the number of carbon atoms in the specitied group. That 15, the group can contain from “a” to
“b”, inclusive, carbon atoms. Thus, for example, a “Cy to Cy alkyl” or “Cyy alkyl” group refers
to all alkyl groups having from 1 to 4 carbons, that is, CHy-, CHyCH,-, CH3CHCHo-,
({:}i3>2(:}in, (j}igijfiziﬁfiz(jfiz—, (j}{3(:}{2(:}{((jf{3>— aild4((j}{3)3(j—,

{3049] The term “halogen™ or “halo,” as used herein, means any one of the radio-

stable atoms of columm 7 of the Periodic Table of the Elements, e.g., fluorine, chlorine, bromine,

or wodine, with fluorine and chlonine being preferred.
0056} As used herein, “alkyl” refers to a straight or branched hydrocarbon chain that
is fully saturated (i.e., contains no double or iriple bonds). The alkyl group may have | to 20

carbon atoms {whenever it appears herein, a numerical range such as “1 to 207 refers to ecach
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integer in the given range; e.g., “1 to 20 carbon atoms” means that the alkyl group may consist of
I carbon atomn, 2 carbon atoms, 3 carbon atoms, efc., up to and including 20 carbon atoms,
although the preseut defimtion also covers the occurrence of the term “alkyl” where no
numerical range 1s designated). The alkyl group may also be a medium size alkyl having 1 10 9
carbon atorns. The alkyl group could also be a lower alkyl having 1 to 4 carbon atoms, The
alkyl group may be designated as “Cy4 alkyl” or similar designations. By way of example only,
“Cy.4 alkyl” indicates that there are one to four carbon atoms in the alkyl chain, te., the alkyl
chain 1s selected from the group consisting of methyl, cthyl, propyl, iso-propyl, n-butyl, iso-
butyl, sec-butyl, and t-butyl. Typical alkyl groups include, but are in no way Hmited to, methyl,
ethyl, propyl, 1sopropyl, butyl, isobutyl, tertiary butyl, pentyl, hexyl, and the like.

{0051} As used herein, “alkoxy” refers to the formula “OR wherein R 1s an alkyl as 18
defined above, such as “Cj4 alkoxy”, including but not limited to methoxy, cthoxy, n-propoxy,
I-methylethoxy (isopropoxy), n-butoxy, iso-butoxy, sec-butoxy, and tert-butoxy, and the like.

{6052] As used berein, “alkylthio” refers to the formula -8R wherein R is an alkyl as
is defined above, such as “Cio alkylthio” and the hke, mcluding but not bmited to
roethylhmercapto, ethylhmercapto, n-propylmercapto, 1-methylethylmercapto (isopropylmercapto),
n-butylmercapto, 1so-butylmercapto, sec-butylmercapto, tert-butylmercapto, and the like.

{6053 As used herein, “alkeny!l” refers to a straight or branched hydrocarbon chain
containing one or more double bonds. The alkenyl group way have 2 to 20 carbon atoms,
although the present definition also covers the occurrence of the term “alkenyl” where no
numerical range 1s designated. The alkenyl group may also be a medium size alkenyl having 2
to 9 carbou atoms. The alkenyl group could also be a lower alkenyl having 2 to 4 carbon atorus.
The alkenyl group may be designated as “Cay alkenyl” or similar designations. By way of
example only, “C,4 alkenyl” indicates that there are two to four carbon atoms in the alkenyl
chain, i.c., the alkenyl chain is selected from the group consisting of ethenyl, propen-1-vl,
propen-2-vl, propen-3-yi, buten-1-vl, buten-2-yl, buten-3-yl, buten-4-vl, l-methyl-propen-1-yl,
2-methyl-propen-1-yl, I-ethyl-ethen-i-yl, Z2-methyl-propen-3-yi, buta-13-dienyl, buta-1,2.-
dienyl, and buta-1,2-dien-4-yl. Typical alkenyl groups inchude, but are in no way limited to,
sthenyl, propenyl, butenyl, pentenyl, and hexenyl, and the like.

[6054] As used herein, “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,

>

although the present definition also covers the occurrence of the term “alkynyl” where no
numerical range is designated. The alkynyl group may also be a medium size alkynyl having 2

to @ carbon atoms. The alkynyl group could also be a lower allcynyl having 2 to 4 carbon atoms.
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The alkynyl group may be designated as “Cy4 alkynyl” or similar designations. By way of
example ounly, “Co4 alkynyl” indicates that there are two to four carbon atorus i the alkynyl
chain, 1.e., the alkynyl chain s selected from the group consisting of ethynyl, propyuo-1-vl,
propyn-2-yl, butyn-1-vl, butyn-3-yi, butyn-4-yl, and 2-butynyl, Typical alkynyl groups include,
but are in no way limited to, cthynyl, propyuyl, butynyl, pentynyl, and hexynyl, and the like.

[0055] As used herein, “heteroalkyl” refers to a straight or branched hydrocarbon
chain containing one or more heteroatoms, that is, an element other than carbon, including but
not limited to, nitrogen, oxygen and sulfur, n the chain backbone. The heteroalkyl group may
have 1 to 20 carbou atorus, although the present definition also covers the occurrence of the terru
“heteroalkyl” where no numerical range 1s designated. The heteroalkyl group may also be &
medium size heteroalkyl having 1 to 9 carbon atoms, The heteroalkyl group could also be a
lower heteroalkyl having 1 to 4 carbon atoms. The heteroalkyl group may be designated as “Ci4
heteroalkyl” or similar designations.  The heteroalkyl group may contain one or more
hetercatoms. By way of example only, “Ci4 heteroalkyl” indicates that there are one to four
carbon atoms in the hetercalkyl chain and additionally one or more heteroatoms in the backbone
of the chain,

[0056] As used herein, “alkylene” means a branched, or straight chain fully saturated
di-radical chemical group containing only carbon and hydrogen that is attached to the rest of the
molecule via two points of attachment (1.¢., an alkanediyl). The alkylene group may have 1 to
20,000 carbon atoms, although the present definition also covers the occurrence of the term
alkylene where no numerical range is designated. The alkylene group may also be a medium
size alkylene having 1 to 9 carbon atoms. The alkylene group could also be a lower allkylene
having 1 to 4 carbon atoms. The alkylene group may be designated as “Cy.4 alkylene” or similar
designations. By way of example ouly, U4 alkylene” indicates that there are one to four
carbon atoms in the alkylene chain, ¢, the alkylene chain 1s selected from the group consisting
of methylene, cthylene, ethan-1,1-diyl, propylene, propan-1,1-diyl, propan-2,2-diyl, 1-methyl-
ethylene, butylene, butan-1,1-divl, butan-2,2-diyl, 2-methyl-propan-1,1-diyl, I-methyl-
propylene, 2-methyl-propylene, 1,1-dimethyl-ethylene, 1.2-dimethyl-ethylene, and 1-ethyl-
ethylene.

{6057] As used herein, the term "hetercalkyleune” refers to an alkylene chain in which
one or more skeletal atorns of the alkylene are selecied from an atom other than carbon, e.g.,
oxygen, nitrogen, sulfur, phosphorus or cornbinations thereof. The heteroalkylene chain can have
a length of 2 to 20,000, Exemplary heteroalkylenes include, but are not himited to, -OCH;-, -
OCH(CHs)-, -OC(CH3),-, -OCH,CHy-, -CH{CH»)-, -CH,OCH;-, -CH,0CHCHy-, -SCHy-, -
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SCH(CHs)-, -SC{CH;3 -, ~-SCHCHy-, ~CHSCHCH,-, -NHCH -, -NHCH{CH3)~, -NHC{CH;)-
, ~NHCHCHy-, - <CHNHCH,-, ~{CHoNHCUHCH,-, and the like.

[6058] As used herein, “alkenylene” means a straight or branched chaim di-radical
chemical group containing only carbon and hydrogen and containing at least one carbon-carbon
double bond that is attached to the rest of the molecule via two points of attachment. The
alkenylene group may have 2 to 20,000 carbon atoms, although the present definition also covers
the occurrence of the term alkenylene where no numerical range is designated. The alkenylene
group may also be a mediam size alkenylene having 2 to 9 carbou atoms. The alkenyleue group
could also be a lower alkenylene having 2 to 4 carbon atoms. The alkeuylene group may be
designated as “Chy alkenylene” or similar designations. By way of cxample only, “Cig
alkenylene” indicates that there are two to four carbon atoms in the alkeunylene chain, 1e., the
alkenylene chain is sclected from the group consisting of cthenylene, ethen-1,i-divl,
propenylene, propen-i,1-diyl, prop-2-en-1,1-diyl, l-methyl-cthenylene, but-l-enylene, but-2-
enylene, but-1,3-dienylene, buten-1,1-divl, but-1,3-dien-1,1-divl, but-2-en-1,1-divl, but-3-en-1,1-
divl, Il-methyl-prop-2-en-1,1-divl, Z-methyl-prop-Z-en-1,1-diyl, I-ethyl-cthenvlene, 1.2-
dimethyl-ethenylene, I-methyl-propenylene, Z-methyl-propenviene, 3-methyl-propenylene, 2-
raethyl-propen-1,1-divl, and 2,2~-dimethyl-cthen-1, {-diyl.

[6059] As used herein, “alkynviene” means a straight or branched chain di-radical
chemical group containing only carbon and hydrogen and containing at least one carbon-carbon
triple bond that 1s attached to the rest of the molecule via two points of attachment.

160606} The terro “aroroatic” refers to a ring or ring system baving a conjugated pi
electron systern and includes both carbocyclic aromatic {(e.g., phenyl) and heterocyelic aromatic
groups {¢.g., pyridine}. The term inchudes monocyelic or fused-ring polyeyclic (i.e., rings which
share adjacent pairs of atoms) groups provided that the cntire ring system is aromatic.

{8061} 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 1s a ring system, every ring 1o the system is arorvatic. The aryl group
roay have 6 to 18 carbou atoms, although the present definition also covers the occurrence of the
term “aryl” where no numerical range 1s designated. I some embodiments, the aryl group has 6
to 10 carbon atoms., The aryl group may be designated as “Ceap arvl,” “Ce or Cig aryl” or
stinilar designations. Examples of aryl groups include, but are not lumited to, phenyl, naphthyl,

azulenyl, and anthracenyl.
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{6062] As used herein, “arvlene” refers to an aromatic ving or ring system containing
only carbon and hydrogen that is attached to the rest of the molecule via two pomts of
attachment.

10063} As used herein, “aryloxy” and “aryithio” refers to RO- and RS-, in which R is
an aryl as is defined above, such as “Cq.pp aryloxy” or “Cg.io arylthio” and the like, including but
not limited to phenyloxy.

[0064] An “aralloyl” or “arylalkyl” 1s an aryl group connected, as a substituent, via an
alkylene group, such as “Cyy aralky!” and the like, including but not limited to benzyl, 2-
phenylethyl, 3-phenvlpropyl, and naphthylalkyl., In some cases, the alkylene group is a lower
alkylene group {(i.e., a T4 alkylene group).

106865] As used herein, “heteroaryl” refers to an aromatic ving or ring system (i.e.,
two or more tused rings that share two adjacent atorns) that contain{s) one or more heteroatoms,
that is, an clement other than carbon, including but not limtted to, nitrogen, oxygen and sulfur, in
the ring backbone, When the heteroaryl is a ring system, every ring in the systern 18 aromatic,
The heteroaryl group may have 5-18 ring members {1.¢., the number of atoms making up the ring
backbone, including carbon atoms and heteroatoms), although the present definition also covers
the occurrence of the term “hetercaryl” where no numerical range is designated. In some
embodiments, the heteroaryl group has 5 to 10 ring members or 5 to 7 ring members. The
heteroaryl group may be designated as “S-7 wembered heteroaryl,” “5-10 membered heteroaryl,”
or similar desigunations. Examples of hetercaryl rings include, but are not limited to, furyl,
thicnyl, phthalazinyl, pyrrolyl, oxazolyl, thiazolyl, midazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
iriazolyl, thiadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, quinohnyl,
isoquinlinyl, benzimidazolyl, benzoxazolyl, benzothiazolyl, mdolyl, isoindolyl, and
benzothienyl.

{0066] As used herewn, “heteroarviene” refers to an aromatic ring or ring system
containing one or more heteroatoms in the ring backbone that is attached to the rest of the
molecule via two ponts of attachment.

[6067] A “heteroarallyl” or “heteroarylalkyl” is heteroaryl group connected, as a
substituent, via an alkylene group. Examples include but are not limited to 2-thienylmethyl, 3-
thienyimethyl, faryimethyl, thienviethyl, pymolylalkyl, pyridvlalkyl, tsoxazollylalkyl, and
imidazolylaicyl,  In some cases, the alkylene group 18 a lower alkylene group (i, a2 Ciy
alkylene group).

[0068] As used herein, “carbocyelyl” means a non-aromatic cyclic ring or ring

system containing only carbon atoms in the ring system backbone. When the carbocyclyl is a
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ring system, two or more rings may be joined together in a fused, bridged or spiro-connected
fashion. Carbocyelyls may have any degree of saturation provided that at least one ving in a ring
system 18 not arowatic. Thus, carbocyclyls include cycloalkyls, cycloalkenyls, and
cycloalkynyls. The carbocyelyl group may have 3 to 20 carbon atoms, although the present
defintion also covers the occurrence of the term “carbocyelyl” where no numerical range is
designated. The carbocyelyl group may also be a medium size carbocyelyl having 3 to 10 carbon
atoms. The carbocyelyl group could also be a carboeyelyl having 3 to 6 carbon atoms. The
carbocyclyl group may be designated as “Cs.¢ carbocyclyl” or similar designations.  Examples of
carbocyclyl rings include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cwclohexenyl, 2,3-dihvdro-indene, bicyele[2.2. 2joctanyl, adamantyl, aund
spirof4.4nonanyl.

[3069] A “{carbocyclylalkyl” is a carbocyclyl group connected, as a substituent, via
an alkylene group, such as “Cy.p {carbocyclylialkyl” and the like, including but not limited to,
cyclopropyvimethyl, cyclobutylmethyl, cyclopropylethyl, cyclopropylbutyl, cyclobutylethyl,
cyclopropyvlisopropyl, cyclopentylmethyl, cyclopentylethyl, cyelohexylmethyl, cyclohexylethyl,
cycloheptyimethyl, and the like. In some cases, the alkylene group is a lower alkylene group.

[6076] As used herein, “cycloalkyl” means a fully saturated carbocyelyl ring or ring
systern. Examples include cyclopropyl, cyelobutyl, cyclopentyl, and cyclohexyl.

0071} As used herein, “cycloalkylene” means a fully saturated carbocyelyl ring or
ring system that is attached to the rest of the molecule via two points of attachment,

[06072] As used herein, “cycloalkenyl” or “cycloalkene” means a carbocyclyl ring or
ring system having at least one double bond, whercin no ring 1n the ring sysiem s aromatic. An
example is cyclohexenyl or cyclohexene. Another example is norbornene or norbornenyl.

{6873] As used herein, “heterocycloalienyl” or “heterocycloalkene” means a
carbocyclyl ring or ting system with at least one hetercatom in ring backboue, having at least one
double boud, wherein no ring 1o the ring system is aromatic,

[6074] As used herein, “cycloalkynyl” or “cycloalkyne” means a carbocyclyl ring or
ring system: having at least one triple bond, wherein no ring in the ring system is aromatic. An
example is cyclooctyne. Another cxample is bicyclononyne.

[6075] As wused heretn, “heterocycloalkynyl” or “heterocycloalkyne” means a
carbocyclyl ring or ring syster with at least one heteroatorn in ring backbone, having at least one
iriple bond, wherein no ring in the ring system 18 aromatic.

[3076] As used herein, “heterocychyl” means a non-aromatic cyclic ring or ring

system containing at least one hetercatom in the ring backbone. Heterocyclyls may be joined
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together in a fused, bridged or spiro-connected fashion. Heterocyclyls may have any degree of
saturation provided that at least one ring in the ring systewm is not aromatic. The heteroatom{s)
riay be present 1n either a non-aromatic or aromatic ring i the ring system. The heterocyeiyt
group may have 3 to 20 ring members (i.¢., the number of atoms making up the ring backbone,
including carbon atoms and hetercatoms), although the present definition also covers the
occurrence of the term “heterocyelyl” where no numerical range is designated. The heterocyelyl
group may alse be a medium size heterocyclyl having 3 to 10 ring members. The heterocyelyl
group could also be a heterocychyl having 3 to 6 ring members. The heterocyelyl group may be
designated as “3-6 membered heterocyelyl” or similar designations. In preferred six membered
monocyclic heterocycelyls, the heteroatom(s) are selected from one up to three of 3, N or §, and
in preferred five membered monocyclic heterocyelyls, the hetercatom{s} are selected {rom one or
two heteroatoms selected from O, N, or 8. Examples of heterocyclyl rings include, but are not
iimtted to, azepinyl, acridinyl, carbazolyl, cinnolinyl, dioxolanyl, udazolinyl, imidazohidinyl,
morpholinyl, oxiranyl, oxepanyl, thiepanyl, piperidinyl, piperazinyl, dioxopiperazinyl,
pyrrolidinyl, pyrrolidonyl, pyrrolidionyl, 4-piperidonyl, pyrazolinyl, pyrazelidinyl, I,3-dioxinyl,
1,3-dioxanyl, | 4-dioxinyl, 1,4-dioxanyl, 1,3-oxathianyl, 1 4-oxathiinyl, 1 4-oxathianyl, 2H4-1,2-
oxazinyl, trioxanyl, hexahydro-1,3,5-triazinyl, 1,3-dioxolyl, 1,3-dioxolanyl, 1,3-dithiolyl, 13-
dithiolanyl, isoxazolinyl, isoxazolidinyl, oxazolinyl, oxazolidinyl, oxazolidinonyl, thiazolinyl,
thiazohidinyl, 1,3-oxathiolanyl, indohinyl, iscindolinyl, tetrabydrofuranyl, tetrabydropyranyl,
tetrahydrothiophenyl,  tetrahydrothiopyranyl,  tetrabydro-1,4-thiazinyl,  thiamorpholinyl,
dihydrobenzofuranyl, benzimidazolhidinyl, and tetrahydroguinoline.

16677] As used herein, “heterocyclylene” means a non-aromatic cyclic ring or ring
systen: containing at least one heteroatom that is attached to the rest of the molecule via two
points of attachment.

[8078] A “(heterocyclylalkyl” 1s a heterocyelyl group connected, as a substituent, via
an alkylenc group. Examples include, but arc not limtted to, mmidazolinylmethyl and
indolinylecthyl.

{8879] As used herein, “acyl” refers to ~C(=(R, wherein R is hydrogen, Ci6 alkyl,
Cag alkenyl, Cog alkynvl, Cs; carboeyelyl, Cag aryl, 5-10 membered heteroaryl, and 5-10
rmoembered heterocyclyl, as defined berein.  Non-limiting examples wnchude formyl, acetyl,
propanoyl, benzoyl, and acryl,

[G08G] An “O-carboxy” group refers to a “~OC{(=0R” group in which R is sclected
from hydrogen, Cy¢ alkyl, Cog alkenyl, Cyg alkynyl, C;; carbocyclyl, Ceyp aryl, 5-10 membered

heteroaryl, and 5-10 membered heterocyclyl, as defined herein,
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16081} A “C-earboxy” group refers to a “~C{E=0)0OR” group m which R is selected
from hydrogen, Crg alkyl, Cog alkenyl, Crg alkynyl, Csr carboeycelyl, Cooig arvl, 5-10 membered
heteroaryl, and 5-10 membered heterocyclyl, as defined hercin, A non-limiting example
includes carboxyl (i.e., -C(=0)YCOH).

{6082 Aun “acetal” group refers to RC{HNORY, i which R and R’ are
independently selected from hydrogen, Cre alkyl, Caos alkenyl, Co alkynyl, Cs.7 carboeyelyl, Ce.
16 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyelyl, as defined herein,

{6083] A “cyano” group refers to a “-CN” group.

{6084 A “cyanato” group refers to an “~OCN” group.

[G085] An “isocyanato” group refers to a “-NCO” group.

[6086] A “thiocyanato” group refers to a “~-8CN” group.

[B087| Au “isothiocyanato” group refers to an “ -NCUS™ group.

[6088] A “sulfinyl” group refers to an “-5(=0)R” group 1n which R 1s selected from
hydrogen, Ci alkyl, Cyg alkenyl, Cyy alkynyl, Csyy carbocyelyl, Coye arvl, 5-10 membered
heteroaryl, and 5-10 membered heterocyelyl, as defined herein.

{6089] A “sulfonyl” group refers to an “~-S0LR” group in which R is selected from
hydrogen, Cis alkyl, Cos alkenvl, Cag alkynyl, Csy carbocoyelvl, Ceoap aryl, 5-10 membered
heteroaryl, and 5-10 membered heterocyclyl, as defined heren,

[6096G] An “S-sulfonanmudo” group refers to a “~-80NRARy” group in which R, and
Ry are each independently selected from hydrogen, Cis alkyl, T alkenyl, Cpg allynyl, Cig
carbocyclyl, Cooro aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyelyl, as defined
herein.

{0091} An “N-sulfonamido” group refers to a “-N{RA)SO,Rp” group in which Ry and
Ry are cach mdependently selected from hydrogen, Cy alkyl, Chg alkenvl, Co g alkynyl, Cyy
carbocyclyl, Ce.io aryl, 5-10 membered hetercaryl, and 5-10 membered heterocyelyl, as defined
herein.

{3092] An “pitrile oxide” as used herein, refers to a “RC=N"Q™” group i which R 13
selected from hydrogen, Cie alkyl, Cog alkenvl, Cog alkynyl, Ci7 carboceyelvl, Cope arvl, 5-10
membered heteroaryl, or 5-10 membered heterocyelyl, as defined herein. Non-Hmitting examples
of preparing nitrile oxide mclude in situ generation from aldoximes by treatment with
chloramide-T or through action of base on imidoyl chlonides [RC(CH=NOH].

10693 An “nitrone” as used herein, refers to a “RARC=NR, (™ group in which Ra,

Ry and R, are each independently selected from hydrogen, Oy alkyl, Cop alkenyl, oy alloynyl,
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Cs.y carbocyelyl, Cege arvl, 5-18 membered heteroaryl, or 5-10 membered heterocyclyl, as
defined herein,

0094} An “O-carbarmyl” group refers to a “~OC(=0)NR4Ry” group in which R, and
Ry are each independently selected from hydrogen, Ci alkyl, Coy alkenyl, Cop allynyl, Ciy
carbocyelyl, Cyyp aryi, 5-10 mombered hetercaryl, and 5-10 membered heterocyelyl, as defined
herein.

{6095 An “N-carbarayl” group refers to an “~NRJOCEDRR” group in which Ry
and Ry are cach independently selected {from hydrogen, Ci alkyl, Ty alkenyl, Cyg alkynyl, Cay
carbocyelyl, Cog aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyelyl, as defined
herein.

{6096] An “O-thiocarbamyl” group refers to a “~-OC(=SINRARp” group in which R,
and Ry are each independently selected from hydrogen, Cig alkyl, Cag alkenvl, Cog alkoyayl, Cs
carbocyelyl, Ce.io arvl, 5-10 membered hetercaryl, and 5-10 membered helerocyelyl, as defined
herein,

[6097] An “N-thiocarbamyl” group refers to an “~N(R,YOC(=8)Ry" group in which
R and Ry are cach independently selected from hydrogen, Cy4 alkyl, Co alkenyl, Co g alkynyl,
(a7 carbocyelyl, Ceap aryl, 5-10 membered hetercaryl, and 5-10 membered heterocyelyl, as
defined herein,

[6098] A “C-amido” group refers to a “~C{(=0NR Ry” group mn which Ry and Ry
are cach mdependenily selected from hydrogen, Cig alkyl, Gy alkenyl, Co alkynyl, Csy5
carbocyclyl, Ce.io aryl, 5-10 membered hetercaryl, and 5-10 membered heterocyelyl, as defined
herein.

{3099] An “N-amido” group refers to a ““N{RCEGIRR” group in which Ry and Rp
are each independently selected from hydrogen, Cig alkyl, Cog alkenyl, o alkynyl, sy
carbocyclyl, Ce.pp arvl, 5-10 membered heteroaryl, and 3-10 membered heterocyelyl, as detined
herem.

10166 An “amino” group refers to a “-NRARp” group in which Rs and Ry are each
independently selected from hydrogen, Ci.s alkyl, Cus alkenyl, Cose alkynyl, Cs.7 carbocyclyl, Ce.
10 aryl, 5-10 membered hetercaryl, and 5-10 membered heterocyclyl, as defined herein. A non-

livotting example includes free amino (e, -NHa).

08161 An “aminoalkyvl” group refers to an amino group connected via an alkylene
yiogroug group Y
group.
{0102] An “alkoxyalkyl” group refers to an alkoxy group connected via an alkylene

group, such as a “Us.g alkoxyalkyl” and the like.
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{0193] The term “hydrazine” or “hydrazinyl” as used herein refers to a -NHNH;
group.
[6164] The term “hydrazone” or “hydrazonyl” as used hercin refers to a
NH
N
|
R Ry group.

[0105] The term “formyl” as used herein refors to a “C{O)H group.
o ///g\
% ¥

[6167] The term “ester” as used herein refers 1o R-C(=0)3-R’, wherein R and R’ can

[0166] The term “epoxy” as used herein refers to oY

be independently alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryvl, heteroaryl,

heteroalicyclyl, aralkyl, (heteroalicyelylyalkyl, or optionally substituted variants thereof,

16108} The term “carboxylic acid”or “carboxyl” as used herein refers to ~C{O)OH.
{3199] The term “thiocyanate” as used herein refers to —8-C=N group.
0110} The term “oxo-amine” as used herein refers to —O-NH, group, wherein one or

more hydrogen of the —INH, can be optionally substituted by a R group. R can be independently
hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalicynyl, aryl, hetercaryl,
heteroalicyclyl, aralkoyl, or (hetercalicyclvialloyl.

0111 As used herein, a “nucleotide” includes a nitrogen containing heterocyclic
base, a sugar, and one or more phosphate groups, They are monomeric units of a nucleic acid
sequence. In RNA, the sugar 18 a ribose, and in DNA a deoxyribose, i.e. a sugar lacking a
hydroxyl group that is present at the 2' position in ribose. The nitrogen containing heterocyclic
basc can be purine or pyrimidine base. Purine bases inchude adenine (A} and guanine (G}, and
modified derivatives or analogs thereof. Pyrimidine bases include cytosine (C), thymine (T}, and
uracil {U), and modified derivatives or analogs thereof. The -1 atom of deoxyribose is bonded
to N-1 of a pynmidine or N-9 of a purine.

0112} As used herein, a “nucleoside” s structurally similar to a nucleotide, but lacks
any phosphate moicties at the 5" position. The term “nucleoside” is used herein in its ordinary
sense as understood by those skilled in the art. Examples include, but are not limited to, a
ribonucleoside comprising a ribose motiety and a deoxyribonucleoside comprising a deoxyribose
moiety. A medified pentose moiety is a pentose moiety in which an oxygen atom has been
replaced with a carbon and/or a carbon has been replaced with a sulfur or an oxygen atom. A
“nuclecside” is a monower that can have a substituted base and/or sugar moicty, Additionally, a

nucleoside can be incorporated into larger DNA and/or RNA polymers and oligorers.
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[0113] As used herein, the term “polynucleotide” refers to nucleic acids in general,
including DNA (e.g. genomic DNA ¢cDNA), RNA (e.g. mRNA), synthetic oligonucleotides and
synthetic nucleie acid analogs. Polynucleotides may include natural or non-natural bases, or
combinations thercof and natural or non-natural backbone linkages, e.g. phosphorothicates, PNA
or 2"-O-methyl-RNA, or combinations thereof,

0114 As used herein, a “BON primer” or “BON modified puimer” refers to a primer
comprising covalently attached bicyclo]6.1.0] non~4-yue at the 5 terminus. The primer s defind
as a single strand DNA (ssDNA) molocule with a free 3 OH group and a modification at the 5
terminus to allow the coupling reactions. The primer length can be any nurmber of bases long and
can inchude a variety of non natural nucleotides.

{31 15] As used herein, the term “stlane” refers to an organic or inorganic compound
containing one or more silicon atoms. Non-limiting example of an inorganic silane compound is
SiHy4, or halogenated SiHy where hydrogen is replaced by one or more halogen atorus. Non-
limiting example of an organic silane compound is X-R5-S{(ORY), wherein X is a non-
hydrolyzable organic group, such as amino, vinyl, epoxy, methacrylate, sulfur, alleyl, alkenyl,
alkynyl; RC is a spacer, for exarnple ~(CHa)e, wherein n is 0 to 1000; R” is selected from
hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted carbocyclyl, optionally substituted aryl, optionally substituted 5-
18 membered heteroaryl, and optionally substituted 5-10 membered heterocyelyl, as defined
herein. As used herein, the term “silane” can comprise mixtures of different silane compounds.

6116} As used hercin, the term “letrazing” or “tetrazinyl” refers to six-membered
heteroaryl group comprising four nitrogen atoms, Tetrazine can be optionally substituted.

HI ! As used herein, the term “tetrazole” or “tetrazolyl” refers to five membered
heterocyclic group comprising four nitrogen atoms. Tetrazole can be optionally substituted.

[0118] As used herein, the term “‘unsaturated motety” refers to a chemical group
including cycloalkenes, cycloalkynes, heterocycloalkenes, heterocycloalkynes, or optionally
substituted variants thereof comprising at least onc double bond or one triple bond. The
unsaturated moieties can be mono-valent or di-valent. When the unsaturated moiety is mono-
valent, cycloalkene, cycloalkyne, heterocycloalkene, heterocycloalkyne are used interchangeably
with  cycloalkenyls, cycloalkynyls, heterocycloalkenyl, heterocycloalkynyl. When the
unsaturated moiety is di-valent, cycloalkene, cycloalkyne, heterocycloalkene, heterocycloalkyne
are used interchangeably with cycloalkenylene, cycloalkynylene, heterocycloalkenyiene,

heterocycloalkynylene.
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[0119] As used herein, the term “polymer” refers to a wolecule composed of many
repeated subunits. Polymers can be linear, branched, or hyperbranched. Non-hmiting cxamples
of branched polymers inchude star polymers, comb polymers, brush polymers, dendronized
polymers, ladders, and dendrimers. The polymers described herein can also be in the form of
polymer nanoparticies.

[01206] As used heren, the prefixes “photo” or “photo-” mean relating to light or
electromagnetic radiation. The ferm can encompass all or part of the electromagnetic spectrurn
including, but not limited to, one or more of the ranges commonly known as the radio,
microwave, nfrared, visible, ultraviolet, X-ray or gamma ray parts of the spectrum. The part of
the spectrum can be one that 18 blocked by a metal region of a surface such as those metals set
forth herein. Alternatively or additionally, the part of the spectrum can be onc that passes
through an interstitial region of a surface such as a region made of glass, plastic, silica, or other
raterial set forth berein.  In particular embodiments, radiation can be used that 1s capable of
passing through a metal. Alternatively or additiouvally, radiation can be used that 1s masked by
glass, plastic, silica, or other material set forth herein.

16121} As used herein, the term “reactive site” means a site on the functionalized
molecule coatings deseribed herein that can be used to attach one or more molecules by way of a
chemical reaction or molecular interaction. Such attachment may be via a covalent bond or
through other bonding or interactive forces,

6122] As used herein, the term “YES method” refers to the chemical vapor
deposition tool provided by Yield Engineering Systems (“YES”) with chemical vapor deposition
process developed by Hlumina, Inc.. It inchude three different vapor deposition systems. The
automated YES-VertaCoat silane vapor system is designed for volume production with a flexible
wafer handling module that can accommodate 200 or 300 mum wafers. The manual load YES-
1224P Sdane Vapor Sysiern 1s designed for versatile volume production with its configurable
large capacity chambers. Yes-LabKote is a low-cost, tabletop version that 1s wdeal for feasibility
studies and for R&D,

0123} As used herein, a substituted group 18 derived from the unsubstituted parent
group in which there has been an exchange of one or more hydrogen atoms for another atom or
group. Unless otherwise indicated, when a group is deemed to be “substituted,” it 13 meant that
the group is substituted with one or more substituents independently selected from C-Cy alkyl,
C1-Cy alkenyl, Ci-Cs alkynyl, C1-Cq heteroalioyl, C3-Cy carboeyeiyl {optionally substituted with
halo, C-Cg alkyl, C;-Cy alkoxry, C-Cy haloalkoyl, and C-Cq haloalkoxy), Cs-Cr-carboeyelyl-Cy-
Cs-alkyl (optionally substituted with halo, C;-Cs alkyl, C-Cs alkoxy, Ci-Cs haloalkyl, and C-Cy
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haloalkoxy), 3-10 membered heterocyclyl {optionally substituted with halo, C;-Cq alkyl, C1-Cq
alkoxy, C;-Cs haloalkyl, and (,-Cs haloalkoxy), 3-10 membered heterocyelyl-C-Cy-allovl
{optionally substituted with halo, C-Ce alkyl, C-Cy alkoxy, C-Cg¢ haloalkyl, and C-C4
haloalkoxy), aryl {(optionally substituted with halo, C-Cs alkyl, C)-Cq alkoxy, C;-Cy haloalkyl,
and C;-Cg haloalkoxy), aryl{C-Cglalkyl (optionally substituted with halo, C;-Cy alkyl, C-Cy
alkoxy, (-Cs haloalkyl, and C-Cs haloalkoxy), 5-10 membered heteroaryl {(optionally
substituted with halo, C-Cy alkyl, C-Cy alkoxy, C-Cy haloalkyl, and C;-C; haloalkoxy), 5-10
membered heteroaryl{(C-Ceallyl {optionally substituted with halo, :-Cy alkyl, Ci-Cq alkoxy,
1~Cs halpalkyl, and C;-C¢ haloalkoxy), hale, cyano, hydroxy, C-Cy alkoxy, C;-Cy alkoxy{Cy-
Ceyalkyl (ie., ether), aryloxy, sulthvdeyl (mercapto), halo{Ci-Celalkyl (e.g., —CFs), halo{Ci-
Ceralkoxy {e.g., “OCFy), C-Cp alkylthio, arylthio, amno, amino{C-Celalkyl, nitro, O-carbaryl,
N-carbamyl, O-thiocarbamyl, WN-thioccarbamyl, C-amido, N-amido, S-sulfonamido, N-
sulfonamido, C-carboxy, O-carboxy, acyl, cyanato, isocyanato, thiocyanato, isothiocyanato,
sultinyl, sulfonyl, and oxo (=0Q). Wherever a group s described as “optionally substituted” that
group can be substituted with the above substituents.

{3124 It is to be understood that certain radical naming conventions can include
either a mono-radical or a di-radical, depending on the context.  For example, where a
substituent requires two ponts of attachment to the rest of the molecule, it 18 understood that the
substituent 1s a di-radical. For example, a substituent identitied as alkyl that requires two points
of attachment inchudes di-radicals such as -CHy—, -CH,CH,—, -CH,CH(CH;)YCH,—, and the like,
Other radical naming conventions clearly indicate that the radical is a di-radical such as
“alkylene” or “alkenylene.”

[8125] Wherever a substituent is depicted as a di-radical (ie., has two points of
attachment to the rest of the molecule}, it 1s to be understood that the substituent can be atlached

in any directional configuration unless otherwise indicated. Thus, for example, a substituent

depicted as —~AE~— or E inchades the substituent being oriented such that the A is
attached at the lefimost attachwent pomt of the molecule as well as the case in which A is
attached at the rightmost attachent point of the molecule.

j0126] Where the compounds disclosed hercin have at least one stercocenter, they
may exist as individual enantiomers and diastercomers or as mixtures of such isomers, including
racemates. Separation of the individual isomers or selective synthesis of the individual isomers
is accomplished by application of various methods which are well known to practitioners in the

art. Unless otherwise indicated, all such isomers and mixtures thereof are included in the scope
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of the compounds disclosed herein. Furthermore, compounds disclosed herein may exist in one
or wore crystalline or amorphous forms. Unless otherwise indicated, all such forms are included
in the scope of the compounds disclosed herein ncluding any polymorphic forms, In addition,
some of the compounds disclosed herein may form solvates with water (i.c., hydrates) or
common organic solvents. Unless otherwise indicated, such solvates are included in the scope
of the compounds disclosed herein.

6127} As used herein, the term “percent surface remaining” can refer to the intensity
measured using a TET QC to stain the PS/P7 surface primers. The P53 and P7 primers are used ou
the surface of commercial flow cells sold by lHumina luc. for sequencing on the HiSeq, MiSeq,
Genome Analyzer and NextSeq platforrns. The primer sequences are described in U.LS. Pat. Pub.
No. 2011/0059865 Al, which is incorporated hercin by reference. TET is a dye labeled
oligonucleotide having complimentary sequence to the PS/P7 primers. TET can be hybridized to
the P5/P7 primers on a surface; the excess TET can be washed away, and the attached dye
concentration can be measured by fluorescence detection using a scanning instrument such as a
Typhoon Scanner {General Electric).

{6128 The skilled artisan will recognize that some structures described herein may
be resonance forms or tautomers of compounds that may be fairly represented by other chemical
structurcs; the artisan recognizes that such structures may only represent a very small portion of
a sample of such compound(s). Such compounds are considered within the scope of the

structures deopicted, though such resonance forms or tautomers are not represented herein.

Silane or Silane Derivatives

[6129] Some cmbodiments disclosed herein relate to silane or silane derivatives
comprising a plurality of unsaturated moicties selected from coycloalkenes, cycloalkynes,
heterocycloalkenes, heterocycloalkynes or optionally substituted variants or combinations
thercof. As used herein, “cycloalkene™ means a carbocyclyl ring or ring system having at least
one double bond, wheretn no ring in the ring system is aromatic. As used herein,
“heterocycloalkene” means a carboeyelyl ring or ring system contains at least one heteroatom in
ring backbone, having at least one double bond, wherein 1o ring in the ring system is aromatic.
As used herein, “cycloalkyne” roeans a carboceyelyl ring or ring system having at least one triple
bond, wherein no ring 1 the ring system is aromatic, As used herein, “heterocycloalkyne” meaus
a carbocyelyl ring or ring system contains at lcast one heteroatorn in ring backbone, having at
icast one triple bond, whercin no ring in the ring systom is aromatic. In some embodiments, the

~
A

heteroatom in the heterocycloalkene is sclected from the group consisting of N, O or 5. Both
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cycloalkene and heterocycloalkene can be optionally substituted. The unsaturated moieties can
be mouo-valent or di-valent. The unsaturated rooieties can be covalently attached either directly
to the stlion atoms of the silane or silane derivatives, or indirected attached via linkers. The
unsaturated moictics can be further bounded to a functionalized molecule.  In some
embodiments, the unsaturated moicties are optionally substituted cyvcloalkenes, such as
norbornene and derivatives therecof.  In some cmbodiments, the unsaturated moicties are
optionally substituted cyclooctyne or bicyclononynes. Other cycloalkenes, heterocycloalkenes,

cycloalkynes, heterocycloalkynes presenting ring strain can also be used as unsaturated moteties.

{0130 In some cmbodiments, the cycloalkene is norbornene or a norbornenc
derivative.
HIREY! In some embodiments, norbomene can be substituted with one or more

substituents selected from selected from (-Cy alkyl, C1-Cq alkenyl, C3-Cq alkynyl, Ci-Cq
heteroalkyl, Cs3-C7 carbocoyelyl (optionally substituied with halo, C-Ce alkyl, C;-Ce alkoxy, Ci-
(g haloalkyl, and C-Cy haloalkoxy), Cs-Cr-carboeyelyl-Ci-Ce-alloyl (optionally substituted with
halo, C-Cy alkyl, C;-Cs alkoxy, C;-C¢ haloalkyl, and C;-Cs haloalkoxy), 5-10 membered
heterocyelyl (optionally substituted with halo, C-Cq alkyl, C-Cy alkoxy, Ci-Cy haloalkyl, and
(-Cs haloalkoxy), 5-10 membered heterocyelyl-C-Co-alkyl {optionally substituted with halo,
C-Cs alkyl, C-Cy alkoxy, C-Cy haloalkyl, and C,-Cy haloalkoxy), aryl {optionally substituted
with halo, C;-Ce atkyl, Ci-Cy alkoxy, Ci-Cs halealkyl, and C-Cy haloalkoxy), arvl{C-Cqlalkyl
{optionally substituted with halo, C;-Cg alkyl, C-Cy alkoxy, C;-C¢ haloalkyl, and C-Cs
haloalkoxy), 5-10 membered heteroaryl {optionally substituted with halo, Ci-Cs alksl, C1-Cs
alkoxy, (-C¢ haloalkyl, and C-Cg haloalkoxy), 5-10 membered heteroaryl{(C-Cylalkyt
{optionally substituted with halo, C-Cy alkyl, C-Cy alkoxy, C;-Cs haloalkyl, and C-Cs
haloalkoxy), halo, cvano, hydroxy, C-Cg alkoxy, C-Cy alkoxy(Ci-Cglalkyl (i.¢., cther), aryloxy,
sulthydryl (mercapto), halo{C-Cylalkyl (e.g., —~CFs), halo(C-Celalkoxy {e.g., ~OCF3), C-Cs
alkylthio, arvithio, amino, amino{C-Cglalkyl, nitro, O-carbamyl, N-carbamyl, O-thiocarbamyl,
N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido, C-carboxy, OU-carboxy,
acyl, cyanato, isocyanato, thiocyanato, isothiocyanato, sulfinyl, sulfonyl, and oxo (=0).

{01323] Alternatively, the two adjacent substituenis on norbornene can form

- TRE
t
~ Ra -
additional rings. For cxample, represents a di-substituted norbornene, wherein

R and R, together with the atom to which they are attached, can be joined together to form an
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optionally substituted aryl, an optionally substitited heteroaryl, an optionally substituted
cycloalkyl or an optionally substituted heterocyclyl.

[0133] In some embodiments, norbornene can be replaced by other cycloalkenes. No
limiting cxamples include optionally substituted trans-cyclooctene, optionally substituted trans-
cyclopentene, optionally substituted trans-cycloheptene, optionally substituted trans-
cyclononene, optionally  substituted  bicyclo{3.3.1inon-I-ene, optionally  substitated
bicyclo[4.3.Tldec-1{9)-ene, optionally substituted bicyelo[4.2. 1 non-1{8}-ene, and optionally
substituted bicyclo[4.2.1}-non-1-ene.

Heterofnorbornenes)

10134} In some embodiments, the heterocycloalkene wused herein 18 a2
heteronorbornene.  As used herein, (heteronorbornene means one or more carbon atoms in a

norbornene molecule in replaced by one or more heteroatoms.  Non-limiting examples of

H
O N}
{(heteronorbornene include , , HN , @ , or optionally substituted

variants thereof

Fxemplary Novrboranene Reactions

A, 1.3-Dipolar Cyvcloaddition with Azides

[0135] The reaction of organic azides and olefinic bonds leading to the formation of
1,2, 3-tnazoline was first reported by Wolff in 1912, See Wolff, Lichigs. Ann., 1912, 394,
23.This type of reaction 18 termed as 1,3-dipolar cycloaddition. Arzide additions to terminal
alkkyne were recognized as an example of 1,3-dipolar cycloaddition reaction from the research of
Huisgen. See Proceedings of the Chemical Society, 1961, 357-396.  Scheiner et al. reported the
kinetic investigation of aryl azides to norbornene (see Scheiner et al., J. Am. Chem. Soc, 1965,

87, 306-311}). The general reaction scheme s shown as folows:

/ 1,3-dipolar cycloaddition p
N N N-R =

"N N
N N
N N7
{
R
[0136] In addition, Shea et al. reported studies of reactivity of torsionally strained

double bouds i 1,3-dipolar cycloadditions with 2,4,6-trimitrophenyl azide. A series of mono-
and bi~- cyclic olefius mcluding trans-cycloalkenes and brdgehead alkenes were tested. See,

Shea et al., J Am. Chem. Soc. 1992, 114, 4846-4855.
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B. Coupline Reaction with Tetrazines

10137} The additive-tree “click” reaction for polymer functionalization and coupling
by the nverse electron demand Diels-Alder (DA;,,) reaction of tetrazine and norbornene was
reported by Hansell et al. {see Hansell et al., J Am. Chem. Soc. 2011, 133, 13828-13831). The

general reaction scheme is shown as follows:
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[0138] Other exemplary metal-free click reactions includes the (hetero-)Diels-Alder
and the radical based thiol-ene rcaction, as reporied by Hoyle of al,, Chem. Soc. Rev. 2010, 39,

1355-1387.

C. Coupling Reaction with Tetrazoles and Hvdrazones

13139] Kaya et al. reported a norbornene amuno acid (1) for protein modification in a
copper-free click reaction. See Kaya et al., dngew. Chem. int. Ed 2012, 51, 4466-4469, I the
first example, a nitrtle 1mine was generated by base-promoted HCI elimination from the
hydrazonyl chloride and then used in a cycloaddition reaction with the norbornene derivative (1},
In the second example, the nitrile imine was generated from a tetrazole in a photo-chemical

reaction.

MM, O §-S;\e’i§raz:pnmfi
chioride

. click reaction

. =y Rog R
Phota-click
rsaction

D, Rine-Openine Reactions with Glefins

{01404 Kim et al. reported a method for growing thin polyvmer films from the surface
of a silicon wafer bearing a native oxide (S¥/S103:) by using a surface-nitiated ving-opening
metathesis polymerization of norbornene. The scheme below outhines a three-step procedure: (i)

the formation of 4 self-assembled monolayer on silicon that comprising norbornenyl groups; (i)
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the attachment of a ruthenium catalyst [{CysPRChRu=CHPh, Cy = cyclohexyl] to the sarface;

and (1) the polymerization of added monowers to generate the film.  See Kim et al,

Macromolecuies 2000, 33, 2793-2795.
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[0141] Sumilarly, Lin et al. reported the region-selective ring-opening/cross-

metathesis reactions of norbornene derivatives with electron-rich olefins, catalyzed by a

ruthenium catalyst, as shown in the scheme below. See Liu et al., Org. Lefr 2005, 7, 131-133,
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F. Cveloaddition with Nitrile Oxides
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[0142] Gutsruied! ef al. reported the fivst exmaples of stramn-proruoted unitrile oxide

cycloaddition involved norbornene-modified DNA substrate. The strained alkene 18 suited to
cycloaddition with a variety of nitrile oxides generated 1 situ either from hydroxamoyt chilonides
or directly by treatment of parent oxime with N-Chlorosuccinimide. See Gutsmied! et al., Org.

Lert. 2009, 11, 2405-2408.

Cyclooctyne
{0143] ln some embodimeunts, the cycloalkyne 18 cyclooctyne or a cyclooctyne
derivative,

29



WO 2015/002813 PCT/US2014/044356

{3144} In some embodiments, cycloalkyne can be substituted with one or more
substituents selected from selected from C-Cy alkyl, C-Cq alkenyl, C-Cg alkynvl, C-Cq
heteroalkyl, Cs-C5 carbocyelyl (optionally substituted with halo, C-Cg alkyl, C;-Cy alkoxy, Ci-
(¢ haloalkyl, and C-C¢ haloalkoxy}, C3-Cr-carbocyelyl-Ci-Ce-alkyl {optionally substituted with
halo, C-Cy alkyl, C;-Cs alkoxy, C;-Cy haloallyl, and C-Cs haloalkoxy), 5-10 membered
heterocyclyl {optionaily substituted with halo, C1-Cy atkyl, C1-Cq alkoxy, C1-Cs haloalkyl, and
(1~Cs haloalkoxy), 5-10 membered heterocyelyl-C-Cy-alkyl (optionally substitited with halo,
C1-Ce alleoyl, G-y alkoxy, C-Cs haloalkyl, and C-Cs haloaltkoxy), aryl (optionally sabstituted
with halo, C;-Cs alkvl, C)-Cq alkoxy, C;-Cy haloalkyl, and C-Cy haloalkoxy), arvl{C;-Cglalkyl
{optionally substituted with halo, C-Cy alkyl, C-Cy alkoxy, C;-Cs haloalkyl, and C-Cs
haloallcoxy), 5-10 membered heteroaryl (optionally substituted with halo, C-Cq alkyl, C-Cq
alkoxy, Ci-C¢ halealkyl, and C;-Cs haloalkoxy), 5-10 membered heteroarvl{(C-Cqlalkyl
{optionally substituted with halo, C-Cs alkyl, C-Cs alkoxy, C;-Cy haloalkyl, and C-Cq
haloalkoxy), halo, cyano, hydroxy, C1-Cy alkoxy, C-Cs alkoxy{Ci-Cylalkyl (i.e., cther), aryloxy,
sulfthydryl (mercapto), halo{Ci-Cglalkyl {(e.g., ~CF3), halo(C-Ceialkoxy (e.g., ~OCF3}, C1-Cq
alkylthio, arvithio, amino, amino(C-Cealkyl, nitro, O-carbanyl, N—carbarnyi, O-thiocarbamyl,
N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido, C-carboxy, O-carboxy,
acyl, cyanato, isocyanato, thiocyanato, isothiocyanato, sulfinyl, sulfonyl, and oxo (=0},

[0145] Alternatively, the two adjacent substituents on cyclooctyne can form

Ra@

. . T b . . ) R :
additional rings. For example, B represents a di-substituted cyclooctyne, wherein R®
and R, together with the atom to which they are attached, can be joined together to form an
optionally substituted aryl, an optionally substituted heteroaryl, an optionally substituted
cycloalkyl or an optionally substituted heterocyelyl.  In some embodiments, the cyclooctyne

derivative can comprise the following structures:
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Strain-promoted azide-alkyne cveloaddition or nitrile oxide-allkovne cveloaddition

0146} Cyclooctynes can undergo 1,3-cycloaddition with azides. This type of strain-
promoted azide-alkyne cycloaddition (SPAAC) reaction has been used in the copper-free DNA
ligation. Van Geel et al,, has reported that a variety of strained octynes can be used to efficiently
iabel azide tagged protens. See R. van Geel et al,, “Preventing Thiol-yne Addition Improves the
Specificity of Strain-Promoted Azide-Alkyne Cycloaddition,” Bioconjugare Chem., 2012, 23,
392-398. Similar work has also been reported by Yao et al. who has demonstrated that strained
alkynes can be used to attach fluorophores to anuno acide squences. See Tao et al, “Fluorophore
targeting to cellular proteins via enzyme~-mediated azmde ligation and strain-promoted
cycloaddition,” J. Am. Chem. Soc., 2012, 134, 3720-3728.

16147} Recent studies on relative activity of nitrile oxides, nitrones as alternative to
azide dipoles in reaction with cyclooctynes suggested superior reactivities for strain-promoted

.
/
Ty

alkyne/nitrile oxide cycloaddition. See Sanders et al., J Am. Soc. Chem. 2011, 133, 949.95
Jawalekar et al., Chem. Commun. 2011, 47, 3198-3200; and McKay ot al., Chem. Commun.
2010, 46, 931-933. It was observed that the rate constant for [3+2] addition of
bicyclo{6.L.0Jnonyne (BCN}) to benzoniirile oxide was greater by a {actor of 10 than that
overserved for the corresponding reaction with benzyl azide. Similar results were also observed
with cycloaddition between dibenzocycloactynol (DIBO) and benzontirile oxide {generated in
sttu from hydroxamoyl chloride} or benzyl azide. The study suggests the former reaction was

about 60 times faster than the latier.
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Bicvclononynes

[0148] ln some ewbodiments, the cycloalloynes can comprise bicyclic ring systen,
for example, bicyclononynes. In some embodiments, the bicyclononynes can be selected from
bicyclo{6. L0 non-4-yne or derivatives thereofl In some other embodiments, the bicyclononynes

can also be selected from bicyclo{6.1.0non-2-yne or bicyclo[6.1.0lnon-3-yne.

231-
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[0149] In some emboduments, bicyclonouynes can be substituted with one or more
substituents selected from selected from C-Cy alkyl, C-Cq alkenyl, C-Cg alkynvl, C-Cq
heteroalkyl, Cs-C5 carbocyelyl (optionally substituted with halo, C-Cg alkyl, C;-Cy alkoxy, Ci-
(¢ haloalkyl, and C-C¢ haloalkoxy}, C3-Cr-carbocyelyl-Ci-Ce-alkyl {optionally substituted with
halo, C-Cy alkyl, C;-Cs alkoxy, C;-Cy haloallyl, and C-Cs haloalkoxy), 5-10 membered
heterocyclyl (optionally substituted with halo, C-Cs alkvl, C1-Cs alkoxy, C-Cs haloalkyl, and
(1~Cs haloalkoxy), 5-10 membered heterocyelyl-C-Cy-alkyl (optionally substitited with halo,
C1-Ce alleoyl, G-y alkoxy, C-Cs haloalkyl, and C-Cs haloaltkoxy), aryl (optionally sabstituted
with halo, C;-Cs alkvl, C)-Cq alkoxy, C;-Cy haloalkyl, and C-Cy haloalkoxy), arvl{C;-Cglalkyl
{optionally substituted with halo, C-Cy alkyl, C-Cy alkoxy, C;-Cs haloalkyl, and C-Cs
haloallcoxy), 5-10 membered heteroaryl (optionally substituted with halo, C-Cq alkyl, C-Cq
alkoxy, Ci-C¢ halealkyl, and C;-Cs haloalkoxy), 5-10 membered heteroaryl{C-Cqlalkyl
{optionally substituted with halo, C-Cs alkyl, C-Cs alkoxy, C;-Cy haloalkyl, and C-Cq
haloalkoxy), halo, cyano, hydroxy, C1-Cy alkoxy, C-Cs alkoxy{Ci-Cylalkyl (i.e., cther), aryloxy,
sulfthydryl (mercapto), halo{Ci-Cglalkyl {(e.g., ~CF3), halo(C-Ceialkoxy (e.g., ~OCF3}, C1-Cq
alkylthio, arvithio, amino, amino(C-Celalkyl, nitro, O-carbanyl, N-carbamyl, O-thiocarbamyl,
N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido, C-carboxy, O-carboxy,

acyl, cyanato, isocyanato, thiocyanato, isothiocyanato, sulfinyl, sultfonyl, and oxo (=0},

[6156] Alternatively, the two adjacent substituents on a bicyclononyne can form
 RE_ ST
\\\Rb
additional rings. For example, reprosents a di-substituted bicyclo[6.1.0]non-4-

yne, wherein R® and R, together with the atom to which they are attached, can be joined
together to form an optionally substituted aryl, an optionally substituted heteroaryl, an optionally
substituted cycloalkyl or an optionally substituted heterocyclyl. Bicyclononynes can undergo
similar SPAAC alkyne cycloaddition with azides or nitrile oxides as described above with

respect to cyclooctyne due to the strain in the bicyclic ring system.

[B151] Some embodiments described herein include immobtlizing a functionalized
hydrogel to a surface of a substrate via unsaturated moieties of the functionalized silane or silane
derivatives. Non-limiting examples of hydrogels can be used in the present application are

described herein.
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10152} WO 00/31148  discloses polvacrvlamide hydrogels and polyacrylamide
hydrogel-based arrays 1n which a so-called polyacrylanude prepolymer s formued, preferably
from acrylamide and an acryhic acid or an acrylic acid derivative containing a vinyl group.
Crosslinking of the prepolymer may then be atfected. The hydrogels so produced are solid-
supported, preferably on glass. Functionalization of the solid-supported hydrogel may also be
effected.

[01583] WO 01/01143 describes techpology similar to WO00/31148 but differing 1o
that the hydrogel bears functionality capable of participating i a [2+2] photocycloaddition
reaction with a biomolecule so as to form immobilized arrays of such biomolecules.
Dimethylmaleimide {(DMI} 1s a particularly preforred functionality. The use of [2+72]
photocycloaddition reactions, in the context of polyacrylamide-based microarray technology is
also described in WO02/12566 and WO03/014392.

13154} U.S. Pat. No. 6,465,178 discloses the use of reagent corupositions in
providing activated slides for use in preparing ruicroarrays of nucleic acids; the reagent
compositions include acrylamide copolymers. The activated shides are stated to be particularly
well sutted to replace conventional (e.g. silylated) glass shides in the preparation of microarrays.

[01585] WO 0/53812 discloses the preparation of polyacrylamide-based hydrogel
arrays of DNA and the use of these arrays in replica amplification.

0156} Ouce hydrogels have been formed, molecules may then be attached to them so
as to produce molecular arrays, if desired, Attachment has been cffected in different ways n the
prior art, For cxample, U.S. Pat. No. 6,372,813 teaches mmmobilization of polymucleotides
bearing dimethylmaleimide groups to the hydrogels produced which bear dimethylmaleimide
groups by conducting a [2+2] photocycloaddition step between two dimethyimaleimide
groups—one attached to the polynucleotide to be immobilized and one pendant from the
hydrogel.

[6157] Where the molecular array is formed after generation of the hydrogel, two
strategies have been employved to achicve this end. Firstly, the hydrogel may be meodified
chemically after it is produced. Problems with this approach include an overall low efficiency in
the preparation of the array and the low stability relating to the attachment chemistry,
particularty upon exposure to high temperatures, ionic solutions and multiple wash steps.

[0158] A more common alternative is to effect polymerization with a co-monomer
having a functionality primed or pre-activated to react with the molecules to be arrayed,

[6159] Alternatives to initial formation of hydrogels followed by subsequent arraying

of molecules thereto have been described in the prior art where the array is formed at the same
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time as the hydrogel is produced. This may be effected by, for example, direct copolymerization
of acrylamide-denivatized polynucleotides. An example of this approach i3 described in
W01/62982 1n which acrylamide-derivatized polynucieotides are muixed with solutions, of
acrylamide and polymerization 1s effected directly.

[0166] Mosaic Technologies (Boston, Mass.,, USA) produce ACRYDITE™ (an
acrylamide phosphoramidite} which can be reacted with polynucleotides prior to
copolymerization of the resultant monomer with acrylamide.

{6161} Efimov et al. (Nucleic Acids Research, 1999, 27 (22), 4416-4426) disclose a
further example of a simultancous formation of hydrogel/array in which copolymerization of
acrylamide, reactive acrylic acid derivatives and the modified polynucleotides having 5'- or 3/-

terminal acrylamide groups is affected.

Polymers

{8162] Some embodiments described herein include mmobilizing a functionalize
polymer to a surface of a substrate via cycloalkene or heterocycloalkene functionalized silane or
stlane derivatives.  No-lumiting examples of the polymers that can be used n the present
application are described in U.S. Ser. No. 13/784,368 and U.S. Pat. Pub. No. 2011/0059865,
which are hereby incorporated by references in their entireties.

[6163] In some embodiments, the polymer used heren comprises a recurring unit of
Formula (I) and a recarring unit of Formula (1)

H
N A
Xy R
O NH O .
R ,
¥ PN
R . K R’

wherein: R' is H or alkyl; R” is selected from the group consisting of azido, optionally

1n

substituied amino, optionally substituted alkenyl, optionally substituted hyvdrazone, optionally
substituted hydrazine, carboxyl, hydroxy, optionally sabstituted tetrazole, optionally substituted
tetrazine, and thiol; X is an optionally substituted alkylene linker or an optionally substitule

heteroalkylene linker; R4, R"rﬁ R” and R arc cach ndependently selected from H, Rﬁ, OR®, -
C{OYOR®, -C(OIR®, -OC(OIRE, -C(O)y NR'R®, or -NR'RY; R® is independently selected from H,
OH, alkyl, cycloalkyl, hydroxyalkyl, arvl, heteroaryl, heterocyclyl, or optionally substituted
variants thereof; R’ and R® are each independently selected from H or alkyl, or R” and R® are

joined together with the atom or atoms to which they are attached to form a heterocycle.
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{3164] n some embodiments, R* is arido. In some embodiments, X 1s an optionally
substituted alkylene linker. In some embodiments, R'is hydrogen, In some other embodiments,
R' is methyl. In some embodiments, R® is hydrogen and R* is -CONR'R®, In some
embodiments, each of R’ and R® is hydrogen. In some embodiments, R is hydrogen and R® is
methyl.
{6165] In some embodiment, the polymer used herein comprises a polymer of
Formla (I or (M)

Qv\ RA

§

{ LNH
Hp
Oy NHy O NH O_NH,
nood m
R R g RS R’ (1)

wherein R' is selected from H or optionally substituted alkyl; R® is selected from the
group consisting of azido, optionally substituted amino, optionally substituted alkenyl, optionally
substituted hydrazone, optionally substituted hydrazine, carboxyl, hydroxy, optionally
substituted tetrazole, optionally substituted tetrazine, and thiol; cach of the -(CHjy)-p can be
optionally substituted; p is an integer in the range of 1-30; R’ is selected from H or optionaily
substituted alkvl; 11 is an integer in the range of 1 to 50,000; and m is an integer in the range of 1
to 100,000, In some embodiments, p is 5. In some embodiments, R* is azido.

PATAM

[0166] In one embodiment, the polymer of Formula (1} or ('} is also represented

by Fornmula (Hlia) or (1b):

NH i

Ou NHy Ou  NH O._ _NH,

~.

o (iia) " (1ilh)
wherein n is an mteger in the range of 1-20,000, and m is an integer in the range of -

160,000,
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{0167] ln some embodiments, the f{unctionalized molecule used for direct
conjugation 18 poly(N-(S-azidoacctanudyipentylacrylamide-co-acrylarmde) (PAZAM). In some
embodiments, PAZAM is a hinear polymer. In some other embodiments, PAZAM 1s a lightly
cross-linked polymer. In some embodiments, PAZAM is applied to the surface as an aqueous
solution. In some other embodiments, PAZAM is applied to the surface as an agueous solution
with oune or more solvent additives, such as ethanol. The method for preparation different
PAZAM polymers is discussed in detail in US. Ser. No. 13/784.368, which is hereby

incorporated by reference in its entirety,

Substrates

[3168] In some embodiments, substrates used in the present application include
silica-based substrates, such as glass, fused silica and other silica-containing materials. In some
cnvbodiments, silica-based substrates can also be silicon, stlicon dioxide, silicon nitride, silicone
hydrides. In some embodiments, substrates used in the present application inchide plastic
materials such as polyethylene, polysiyrene, poly(vinyl chloride), polypropylene, nylons,
polyesters, polycarbonates and poly(methyl methacrylate). Preferred plastics material are
poly(iuethyl methacrylate), polystyrene and cyclic olefin polymer substrates. In some
cmbodiments, the substrate 18 a sihca-based material or plastic material. In one embodiment, the
substrate has at least one surface comprising glass.

16169 In some other embodiments, the substrates can be a metal. In some such
embodiments, the metal 15 gold. In some embodiments, the substrate has at least one surface
comprising a metal oxide. In one embodiment, the surface comprises a tantalum oxide.

[3176] Acrylamide, enone, or acrylate may alsc be utilized as a substrate material.
Other substrate materials can include, but are not limited to gallium aresnide, indium phosphide,
aluminum, ceramics, polyiniide, quartz, resins, polymers and copolymers. The foregoing lists
arg intended to be illustrative of, but not limited to the present application.

0171} In some cmbodiments, the substrate and/or the subsirate surface can be
gquartz. In some other cmbodiments, the substrate and/or the substrate surface can be
semiconductor, i.e. GaAs or ITO,

6172§ Substrates can comprise a single material or a plurality of different materials,
Substrates can be composites or laminates. Substrate can be {lat, round, textured and patterned.
Patierns can be formed, for exaraple, by metal pads that form featares on nou-metaliic surfaces,
for example, as described m US Pat. App. Ser No. 13/661,524, which s 1ncorporated herein by

reference.  Another useful patterned surface 18 one having well features formed on a surface, tor
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example, as described in US Ser. No. 13/787,396, US Pat. App. Pub. No. 2011/0172118 Al or
US Pat. No. 7,622,294, each of which is juncorporated herein by reference. For embodiments that
use a palterned substrate, a gel can be selectively attached to the pattern features (e.g. gel can be
attached to metal pads or gel can be attached to the nterior of wells) or alternatively the gel can
be uniformly attached across both the pattern features and the interstitial regions.

[6173] Advantages in using plastics-based substrates in the preparation and use of
molecular arrays include cost: the preparation of appropriate plastics-based substrates by, for
example fjection-miolding, 1s generally cheaper than the preparation, e.g. by ctching and
bouding, of silica-based substrates. Another advantage 1s the nearly lirmtless vartety of plastics
allowing finc-tuning of the optical properties of the support to suit the application for which it 18
intended or to which it may be put.

16174} Where metals are used as substrates or as pads on a substrate, this may be
because of the desired application: the conductivity of metals can allow modulation of the
slectric field tn DNA-based sensors. In this way, DNA mismatch discrimination may be
enhanced, the ortentanion of immobilized ohgonucleotide molecules can be affected, or DNA
hybridization kinetics can be accelerated.

[0175] Preferably the substrate is silica-based but the shape of the substrate employed
may be varied in accordance with the application for which the present application is practiced.
Generally, however, slides of support material, such as silica, e.g. fused silica, are of particular
utility in the preparation and subsequent integration of molecules. Of particular use in the
practice of the present application are fused silica slides sold under the trade name
SPECTRASIL™. This notwithstanding, it will be evident to the skilled person that the present
application 18 ecqually applicable to other presentations of substrate (including silica-based
supports), such as beads, rods and the like.

16176} In some smbodiments, the surface of the substrate comprises both functional
molecules-coated regions and inert regions with no coatings. In some such embodiments, the
functionalized molecule coatings are hydrogel or polymer coatings. The functional molecuales-
coaled regions cau comprise reactive sites, and thus, can be used to attach molecules through
chemical bonding or other molecular interactions.  In sorue ewmbodiments, the functional
molecules-coated regions (e.g. reactive featurcs, pads, beads or wells) and the mert regions
{(referced to as mterstitial regions) can alternate so as to form a patiern or a grid. Such patterns
can be in one or two dimensions, In some embodiments, the inert regions can be selected from
glass regions, metal regions, mask regions or mnterstitial regions. Alternatively these materials

can form reactive regions. Inertness or reactivity will depend on the chemistry and processes
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used. on the substrate. In one embodiment, the surface comprises glass regions. In another
embodiment, the surface comprises wetal regions.  In still avother embodiment, the surface
comprises mask regions. lo some embodiruents of the corupositions described herein, the
substrate can be a bead, Non-limiting excraplary subsirate materials that can be coated with a
polymer of the present disclosure or that can otherwise be used in a composition or method sct
forth hercin arc described in US Ser. Nos. 13/492,661 and 13/661,524, cach of which is
incorporated herein by reference.

16177} In some embodiments, a substrate described herein is forms at least part of a
flow cell or 18 located in a flow cell. In some such erabodiments, the flow cells further comprise
polynucleotides attached to the surface of the substrate via the functional molecules coating, for
example, a polymer coating. In some embodiments, the polynucleotides are present in the flow
cells in polynucleotide clusters, wherein the polynucleotides of the polynucleotide clusters are
attached to a surface of the flow cell via the polymer coating. In such embodiments, the surface
of the tlow cell body to which the polynuclectides are attached is considered the substrate. In
other embodiments, a separate subsirate having a polymer coated surface is inserted into the
body of the flow cell. In preferred embodiments, the flow cell is a flow chamber that is divided
into a plurality of lanes or a plurality of sectors, wherein one or roore of the plurality of lanes or
plurality of sectors comprises a surface that s coated with a covalently attached polymer coating
described herein.  In some embodiments of the flow cells described herein, the attached
polynucleotides within a single polynucleotide cluster have the same or similar nucleotide
sequence. In some embodiments of the flow cells described herein, the attached polynucleotides
of different polynucleotide clusters have different or nonsimilar nucleotide sequences.
Exemplary flow cells and substrates for manufacture of flow cells that can be used in method or
composition set forth herein include, but are not limited to, those commercially available from
Hurina, lue. (San Diego, CA) or described in US 2010/8111768 AT or US 2012/0270305, cach
of which 18 incorporated herein by reference,

Silica-Based Substrate

[3178] In some embodiments, the substrates used in the present application are silica-
based substrates. In gencral, silica-based substrate surface is chemically modified in some way
s0 as to attach covalently a chemically reactive group capable of reacting with the functionalized
molecules, for example, hydrogel, polymer or a partially formed hydrogel (e.g. a prepolymer
{PRP})}). The surface-activatinvg agent is typically an organosiane compound. o one
embodiment, the surface-activating agent is y-methacryloxypropylirimethoxysilane, known as

“Bind Silane” or “Crosslink Silane” and commercially available trormn Pharmacia, although other
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silicon-based surface-activating agents are also known, such as monoethoxydimethylsilytbutanal,
3-mercaptopropyl-trimethoxysilane and 3-aminopropylirimethoxysilane (all available from
Aldrich). In this way, pendant functional groups such as amino groups, aldehydro groups or
polymerizable groups (¢.g. olefing) may be attached to the silica,

[6179] The present application omplovs organosilane compounds comprising
covalently attached cycloalkenes or heterocycloalkenes. In some embodiments, the cycloalkene
is an optionally substituted norbornene.  In some embodiments, the siane moiety of the

organosilane compounds has the following stracture:

wherein R, R? and R’ are cach independently selected from hydrogen, halogen,
optionally substituted alkyl, optionally substituted alkoxy, optionally substituted aryl, optionally
substitited arvioxy, optionally substituted heteroaryl or optionally substituted heteroaryloxy, In
some such embodiments, R', R? and R’ are independently optionally substituted alkoxy. In some
further embodiments, each of R}, R? and R™ is methoxy, In one embodiment, the organosilane

compound is [{(5-bicyclo{2.2.1 thept-2-enyhiethyljirimethoxysilane.

Linker

16186] In some embodiments described herein, the linker between the silane or silane
derivative and the cycloalitene or heterocycloalkene is selected from an optionally substituted
alkylene, an optionally substituted hetercalkylene, an optionally substituted cycloalkylene, an
optionally substituted heterocyelylene, an optionally substituted arvlene, an  optionally
substituted heteroarylene, an optionally substituted polyethylene glycol, a cleavable linker, or
combination thereof

{6181 In some embodiments, the linker described herein is an optionally substituted
alkylene linker. In some embodiment, the linker 1s -(CHy)n-, wherein n 18 selected from 1 to
20,000, In one embodiment, v i1s 2. In some other emubodiments, the linker described herein s
an optionally substituted heteroalloylene linker, For exaruple, the linker is (CHom-, whereinnis
selected from 1 to 20,000, and oune or roore of the carbou atoms oun the skeleton is replaced by
one or more heteroatoms selected from O, S, N or P

16182} In some embodiments, the linker described herein is a cleavable linker. In
some embodiments, the Hoker 1s selected from acid labile linkers (including dialkoxybenayl

linkers, Sieber Hnkers, indole linkers, t-butyl Sicher linkers), electrophilicaily cleavable linkers,
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nucleophilically cleavable Hinkers, photocleavable linkers, cleavage under reductive conditions,
oxidative conditions, cleavage via use of safety-catch linkers, and cleavage by elimination
mechanisms. In some such embodiments, L™ is selected from a disulfide linker {-5-8-), ester,
nitrobenzene, imine, enzymatically or chemically cleavable peptide and polynucleotide, such as
DNA.

{6183 Cleavable linkers are known in the art, and conventional chemistry can be
applied to attach a linker to a nucleotide base and a label. The linker can be cleaved by any
suitable method, inchuding exposure to acids, bases, nucleophiles, electrophiles, radicals, metals,
reducing or oxidizing ageuts, light, tewperature, cuzymes etc. The linker as discussed herein
may also be cleaved with the same catalyst used to cleave the 3-O-protecting group bond.
Suitable linkers can be adapted from standard chemical protecting groups, as disclosed in Greene
& Wauts, Protective Groups in Organic Synthesis, John Wiley & Sons., or in Greg T.
Hermanson’s “Bioconjugate Techniques”, Academic Press. Further suitable cleavable linkers
used in solid-phase synthesis are disclosed in Guillier ef ol. (Chem. Rev. 100:2092-2157, 2000},

{0184] The use of the term “cleavable linker” is not meant to ioply that the whole
fmker s required to be removed from, eg, the reactive heterocycle.  As an example, the
cleavage site can be located at a position on the linker that ensures that part of the hnker remains

attached to the heterocyele atter cleavage.

A Electrophilically cleaved linkers
[0185] Electrophilically cleaved linkers are typically cleaved by protons and include

cleavages sensitive to acids. Suitable linkers include the modified beuvzylic systems such as
irityl, p-atkoxybeunzyl esters and p-alkoxybenzyl avmdes. Other suitable linkers include tert-
butyloxyearbonyl (Boc) groups and the acetal syster,

10186} The use of thiophilic metals, such as nickel, silver or mercury, in the cleavage
of thioacetal or other sulfur-containing protecting groups can also be considered for the

preparation of suitable linker molecules.

B. Nucleophilically cleaved hinkers
{0187} Nucleophilic cleavage 1s also a well-recognized method n the preparation of

linker molecules. Groups such as esters that are labile i water (i.c., can be cleaved siruply at
basic pH) and groups that are labile to non-agueous nucleophtiles, can be used. Fluoride ions can
be used to cleave silicon-oxygen bonds in groups such as triisopropyl silane (TIPS) or

t-butyldimethyl silane (TBDBMS).
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. Photocleavable linkers

[0188] Photocleavable linkers have been used widely in carbohydrate chemistry, It is
preferable that the light required to activate cleavage does not affect the other corponents of the
modified nucleotides. For example, if a fluorophore is used as the label, it is preferable if this
absorbs light of a different wavelength to that required to cleave the linker molecule. Suitable
linkers inchude those based on O-nitrobenzyl compounds and nitroveratryl compounds. Linkers

based on benzoin chemistry can also be used (Lee ef &, J. Org. Chem. 64:3454-3464, 1999},

b, Cleavage uwoder reductive conditions
[0189] There arc many linkers known that are susceptible to reductive cleavage.

Catalytic hydrogenation using palladinm-based catalysts has been used to cleave benzyl and
benzyloxycarbonyl groups. Disulfide bond reduction is also known in the art.

i, Cleavage under oxidative conditions

[0196] Oxidation-based approaches are well known 1n the art.  These include
oxidation of p-alkoxybenzyl groups and the oxidation of sulfur and selemum hinkers. The use of
aqueous ioding to cleave disulfides and other sulfur or selenium-based linkers 1s also within the

scope of the present application.

F. Safetv-catch linkers
6191} Safety-catch linkers are those that cleave in two steps. In a preferred system

the first step is the geueration of a reactive nucleophilic center followed by a secound step
involving an intra~-molecular cyclization that results wn cleavage. For example, levalinie ester
linkages can be treated with hydrazine or photochermistry to release an active amine, which can
then be cyclized to cleave an ester elsewhere in the molecule (Burgess ¢f of., §. Org. Chem.

62:5165-5168, 1997).

G. {leavage by climination mechanisms
16192} Elimiination reactions can also be used. For example, the base-catalyzed

climination of groups such as Fruoc and cyanocthyl, and palladium-catalyzed reductive
climination of allylic systers, can be used.

[0193] In some embodiments, the linker can comprise a spacer unit. Other
exemplary suitable cleavable linkers are discussed in details in U8, Publication No. 2006-

(3188901, which is hereby incorporated by reference in its entirety.

Sequencing Apphlication

[0194] A method set forth hercin can use any of a variety of amplification

techniques. Exemplary technigues that can be used include, but are not imited to, polymerase
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chain reaction (PCR}, rolling circle amplification {RCA), multiple displacement amplification
(MDA}, or random prime amplification (RPA). In particular embodiments, one or more primers
used for amplification can be attached to a polymer coating, In PCR embodiments, one or both
of the primers used for amplification can be attached to a polvmer coating. Formats that utilize
two spocies of attached primer are often referred to as bridge amplification because double
stranded amplicons form a bridge-like structure between the two attached primers that flank the
template sequence that has been copied. Exemplary reagents and conditions that can be used for
bridge amplification are described, for example, in U.S. Pat. No. 5,641,658; U.8. Patent Publ.
No. 2002/0055100; U8, Pat. No. 7,115,400; U.S. Patent Publ. No. 2004/6096853; U.S. Patent
Publ. No. 2004/0002090; U.S. Patent Publ. No, 2007/0128624; and U.S. Patent Publ. No.
2038/0009420, each of which s incorporated herein by reference. PCR amplification can also be
carried out with one of the amplification primers attached to a polywer coating and the second
primer in solution. An cxcemplary format that uses a combination of one attached primer and
soluble primer 1s enuulsion PCR as described, for example, in Dressman et al., Proc. Narl Acad.
Sci. USA 100:8817-8822 (2003), WO 05/010145, or U.S. Patent Publ. Nos. 2805/0130173 or
2005/00064460, cach of which is incorporated herein by reference. Enmulsion PCR is illustrative
of the format and it will be understood that for purposes of the methods set forth herein the use
of an emulsion is optional and indeed for several embodiments an emulsion is not used.
Farthermore, primers need not be attached directly to substrate or solid supports as set forth in
the ¢PCR refercuces and can 1usiead be attached to a polymer coating as set forth herein.

[6195] RCA techniques can be modified for use in a method of the present
disclosure. Exemplary components that can be used in an RCA reaction and principles by which
RCA produces amplicons are described, for example, in Lizardi et al., Nav. Gener. 19:225-232
{1998y and US Z007/0099208 A1, cach of which is incorporated herein by reference. Primers
used for RCA can be in solution or attached to a polymer coating,

{0196} MDA techniques can be modified for use in a method of the present
disclosure. Some basic principles and useful conditions for MDA are described, for example, in
Dean et al., Proc Na#l. Acad Sci. USA 99:5261-66 (2002); Lage ot al, Genome Research
13:294-307 (2003); Walker et al., Molecular Methods for Virus Detection, Academic Press, Inc.,
1995; Walker et al., Nucl Acids Res. 20:1691-96 (1992); US 5,455,166; US 5,130,238; and US
6,214,587, each of which is incorporated herein by reference. Primers used for MDA can be in
solution or attached to a polymer coating.

[0197] In particular embodimenis a combination of the above-cxemplified

amplification techniques can be used. For example, RCA and MDA can be used in a
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combination wherein RCA is used to generate a concatameric amplicon in sohution {e.g. using
solution-phase primers). The amplicon can then be used as a teruplate for MDA using primers
that are attached to a polymer coating. In this example, amplicons produced after the combined
RCA and MDA steps will be attached to the polymer coating,

[6198] In some embodiments, the functionalized hydrogel or polymer-coated
substrate described herein can be used for determining a nucleotide sequence of a
polynucleotide. In such embodiments, the method can comprise the steps of {(a) contacting a
polynucleotide polymerase with polynucleotide clusters attached to a surface of a substrate via
any one of the polymer or hydrogel coatings described herein; (b) providing nucleotides to the
polymer-coated surface of the substrate such that a detectable signal is generated when one or
more nucleotides are utilized by the polynucleotide polymerase; (¢} detecting signals at one or
more polynucleotide clusters; and {(d) repeating steps (b) and (¢), thereby determining
nucleotide sequence of a polynucleotide present at the one or more polynucleotide clusters.

[3199] Nucleic acid sequencing can be used to determine a nucleotide sequence of a
polynucleotide by various processes kuown 1o the art, In a preferred method, sequencing-by-
synthesis (SBS) 1 utilized to detervmne a nucleotide sequence of a polynucleotide attached to a
suﬁhceofasubﬁxMx\daanyoneefﬂmuxﬂyﬁwrcaaﬁngsdmwﬂbcdhﬁﬁﬁn.Insudlpﬂwe&gﬂne
or more nucleotides are provided to a template polvnucleotide that 1 associated with a
polynucleotide polymerase.  The polynuclectide polymerase incorporates the one or more
nucleotides into a newly synthesized nucleic acid strand that s complementary to the
polynucieotide template.  The synthesis is initiated from an oligonucleotide primer that is
complementary to a portion of the tenmiplate polynucleotide or to a portion of a universal or non-
variable mucleic acid that is covalently bound at one end of the temaplate polynucleotide. As
nucleotides are wncorporated against the template polynucleotide, a detectable signal is generated
that allows for the determination of which nucleotide has been imcorporated during each step of
the sequencing process. In this way, the sequence of a nucleie acid complomentary o at least a
portion of the template polynucleotide can be generated, thereby permitting determination of the
nucleotide sequence of at lecast a portion of the template polyrmucleotide. Flow cells provide a
convenient format for housing an array that is produced by the methods of the present disclosure
and that is subjected to a sequencing-by-synthesis (8BS} or other detection technigue that
involves repeated delivery of reagents in cycles.  For example, to initiate a first SBS cyele, one
or more labeled nucleotides, DNA polymerase, etc., can be flowed into/through a flow cell that
houses a nucleie acid array made by wmethods set forth herein, Those sites of an array where

primer extension causes a labeled nucleotide to be incorporated can be detected. Optionally, the
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nucleotides can further include a reversible termination property that terminates further primer
extension once a nucleotide has been added to a primer. For example, a nucleotide analog having
a reversible terminator moiety can be added to a primer such that sebsequent extension cannot
occur until a deblocking agent 18 delivered to remove the moicty. Thus, for crabodiments that
use reversible termination, a deblocking reagent can be delivered to the flow cell (before or after
detection occurs). Washes can be carried out between the various delivery steps. The cycle can
then be repeated n times to cxtend the primer by n nuclectides, thereby detecting a sequence of
length n. Exemplary SBS procedures, fluidic systems and detection platforms that can be readily
adapted for use with an array produced by the methods of the present disclosure are described,
for example, in Bentley et al., Nature 456:53-59 (2008), WO 04/018497; US 7,057,026, WO
91/06678; W 07/123744; US 7,329,492, US 7,211,414, US 7,315,019; US 7,405,281, and US
2008/0108082, each of which is incorporated herein by reference in us entirety.,

{6200] Other sequencing procedures that use cyclic reactions can be used, such as
pyrosequencing, Pyrosequencing detects the release of inorganic pyrophosphate (PPi) as
particular nucleotides are tncorporated into a nascent nucleic acid strand (Ronaghi, et al.,
Analytical Biochemistry 242(1), 84-9 (1996); Ronaghi, Genome Res. 11{1}, 3-11 (2001}
Ronaghi et al. Science 281(5375), 363 (1998); US 6,210,881; US 6,258,568 and US 6,274,328,
sach of which s incorporated herein by reference tn 1S entirety). To pyrosequencing, released
PP1 can be detected by being immediately converted to adenosine triphosphate (ATP) by ATP
sulfurylase, and the level of ATP generated can be detected via luciferase-produced photons,
Thus, the sequencing reaction can be monitored via a lnminescence detection system. Excitation
radiation sources used for fluorescence based detection systems are not necessary for
pyrosequencing procedures. Useful fhudic systems, detectors and procedures that can be used for
application of pyrosequencing to arrays of the present disclosure are described, for example, in
WO 12/05R096 AT, US 2005/0191698 AL, US 7,595,883, and US 7,244,559, cach of which is
incorporated herein by refercuce 1u its entirety,

{0201} Sequencing-by-ligation reactions are also useful including, for example, those
described in Shendure et al. Science 309:1728-1732 (2005); US 5,599,675; and US 5,750,341,
gach of which is incorporated herein by reference in its entirety. Some embodiments can include
sequencing-by-hybridization procedures as described, for example, in Bains et al,, Jowrnal of
Theoretical Biology 135(3), 303-7 (1988); Drmanac et al., Nature Biotechnology 16, 54-58
{1998); Fodor ot al., Science 251{4995), 767-773 (1995); and WO 1989/10977, each of which is
incorporated herein by reference tn its entirety. In both sequencing-by-ligation and sequencing-

by-hyvbridization procedures, nucleic acids that are present at sttes of an array are subjected to
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repeated cycles of oligonucleotide delivery and detection. Fluidic systems for SBS methods as
set forth hercin or 1o references cited berein can be readily adapted for delivery of reageuts for
sequencing-by-higation  or  sequencing-by-hybndization  procedures.  Typically, the
oligonucleotides are fluorescently labeled and can be detected using fluorescence detectors
stinilar to those described with regard to SBS procedures herein or in references cited herein.

[0262] Some embodiments can utilize methods involving the real-time monitoring of
INA polymerase activity. For example, nucleotide incorporations can be detected through
fluorescence resonance ecuergy transfer (FRET) interactions between a fluorophore-bearing
polymerase aund y-phosphate-labeled nucleotides, or with zeromode waveguides (ZMWs).
Techmiques and reagents for FRET-based sequencing are described, for exarmple, in Levene ot al.
Science 299, 682-686 (2003); Lundqust et al, Opr. Lert. 33, 10261028 (2008); Korlach et al.
Proc. Natl. Acad Sci. USA 105, 1176-1181 (2008), the disclosures of which are incorporated
herein by reference in its entirety.

{3203] Some SHS embodiments include detection of a proton released upon
incorporation of a nucleotide mmto an extension product.  For exawple, sequencing based on
detection of released protous can use an electrical detector and associated techniques that are
commercially available trom Ion Torrent (Guiltord, CT, a Life Technologies subsidiary) or
sequencing methods and systems described in US 2009/0026082 AL; US 2009/012758% Al; US
2010/0137143 AL or US 2010/0282617 Al, each of which is incorporated herein by reference
in its entirety,

10204] Another useful application for an array of the present disclosure, for exawple,
having been produced by a wethod set forth herein, is gene expression analysis.  Gene
expression can be detected or quantified using RNA sequencing techniques, such as those,
referred to as digital RNA sequencing. RNA sequencing techniques can be carried out using
sequencing methodologies known in the art such as those set forth above. Gene expression can
also be detected or quantified using hybridization techniques carried out by direct hybridization
to an array or using a multiplex assay, the products of which are detected on an array. An array
of the present disclosure, for example, having been produced by a method set forth herein, can
also be used to determine genotypes for a genomic DNA sample from one or more individual.
Exemplary methods for array-based expression and genotyping analysis that can be carried out
on an array of the present disclosure are described 1o US Pat. Nos.7,582,420; 6,890,741,
6,913,884 or 6,355,431 or US Pat. Pub. Nos. 2005/00533980 Al; 2009/0186349 Al or US

2005/0181440 Al, cach of which s incorporaied herein by reference in ifs entirety,
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{0205] Io some embodiments of the above-described method which employ a flow
cell, only a single type of nucleotide 1s present in the flow cell during a single flow step. In such
embodiments, the nucleotide can be selected from the group consisting of dATP, dCTP, dGTP,
dTTP and analogs thereof. In other embodiments of the above-described method which erploy a
flow cell, a plurality different types of nucleotides are present in the flow cell during a single
flow step. In such methods, the nucleotides can be selected from dATP, ACTP, dGTP, dTTP and
analogs thereof.

106206] Dietermunation of the nucleotide or nucleotides incorporated during cach flow
step for one or more of the polynucleotides attached to the polymer coating on the surface of the
substrate present in the flow cell is achieved by detecting a signal produced at or near the
polynucleotide template. In some embodiments of the above-described methods, the detectable
signal comprises and optical signal. In other embodiments, the detectable signal comprises a
non-optical signal. In such embodiments, the non-optical signal comprises a change in pH at or

near one or more of the polynucleotide temuplates.

EXAMPLES
10247} Additional embodiments are disclosed in further detail in the following
examples, which are not in any way intended to limit the scope of the claims.

Example 1
Immobilization of PAZAM on Norbornene 1a Silanized Glass Surface

4 i A i PAZAM covalently linked

\ > PAZAM
1.3-dipolar

0 I cycloaddition

Oide

ia

Scheme L

Surtace Silanization

[6208] Method 1 (silanization using glass vacuom desiceatory: 200 ul-500 yb of
liquid norbornene silane were deposited inside a glass vial and placed inside a glass vacuum
desiccator, Glass substrates were also placed inside the desiccator, The desiceator was then
evacuated to a pressure of 15-30 mTorr, and placed mside an oven at a temperature between 60-
125°C. Stlanization was let to proceed for 1 h, after which the desiceator was removed from the

oven, cooled and vented in air. The substrates were utilized right after this step, or they were
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subjected to an additional curing step (1 b at 100 °C) and/or a solvent wash step, such as an
cthanol rinse.

[6209] Method 2 (silanization using YES CVD oven): First, substrates were
introduced in the CVD oven chamber and the chamber was evacuated to a pressure of 300
mTorr. The samples were initially treated with an oxygen plasma for 10 min. After plasma
activation, the chamber was evacuated, and a 10 min rehydration cycle was executed by injecting
.5mbL of water at a base pressure of 500 mTorr. After an additional purging cycle, the
stlanyzation program was executed. After a 15 mins delay time, the silane valve was set to open
for 0.15 sec, and to close for 20 sec. Silanzation was perforroed at a base pressure of S00 wTowr
and at a chamber teruperature of 125°C for 60 min, and followed by 2 nitrogen purge cycles, also
at 125°C. The chamber was then vented over 3 min, The silanization cycle of the YES oven was
highly autornated and controlled. Durning the silanization step, the norbornene silane vessel was
kept at 120°C and the silane vapor lines were kept at a constant 125°C. The vacuum lines were
kept at 145°C. After the cycle was completed, the substrates were removed, cooled outside the
oven for a brief period and subsequently used without additional work-up. These substrates

were viable for at least a month post-silanization.

PAZAM Deposition and Surface Crosslinking

{6216} 500 pL of agueous PAZAM (0.25% + 5% cthanol} were deposited on top of a
norbornene silanized glass substrate and spread across the surface. A thin film of PAZAM was
obtained via spin coating with the following procedure: Step 1 — 600 rpm, 5 sec, acceleration
1500 rpmy/sec; Step 2 — 1500 rpm, 30 sec, acceleration 5000 rpmy/sec; Step 3 ~ 4000 rpm, 5 sec,
acceleration 3000 rpro/sec; Step 4 — 600 rpru, 5 sec, acceleration 5000 yprw/sec. Other spin coat
recipes can also be used. After spin-coating, the substrates were heated at 65-75 °C in oven or
hot plate for 1 h.

{0211} Wash-Off: After the heating step, the substrates can be washed in water to
remove the unbound PAZAM by adding a sonication step (10miny at 45 °C, followed by
extensive water rinse and drying with a nitrogen gun.

[0213] Primer grafting: the substrale prepared was used o the primer grafling step
by reacting alkyne oligonucleotides 1 KPi (10 mM) with PMDETA, copper sulfate and NaAsc
{500 mg/ml agueous solution) at 60 °C for 30 minules,

{6213] QC: After primer grafting step is completed, the grafied primers were
subjected to the TET quality control.  TET is a dye labeled oligonucleotide having

v
i

complimentary sequence to the P5/P7 privaer. TET can be hybnidized to the PS/P7 primer on a
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surface; the excess TET can be washed away, and the attached dyve concentration can be
roeasured by fluorescence detection using a scanning wnstrumaent such as a Typhoon Scanner
{General Electric). The intensity of the dye concentration was measured as an wndication of the
percent surface remaining after the hydrogel immobilization. The PAZAM deposition and
surtace crosslinking procedures were also disclosed in US. Appl. No. 13/784,368, which is
incorporated by reference in its entirety.

16214 FIG. 1A shows a 3263 Schott glass substrate silanized with the norbornene-
stlane derivative [{5-bicycle[2.2. 1Thept-2-cuyl)cthyl jtrimethoxysilane (1a) and subseguently
coated and thermally cross-linked with PAZAM. The dark arca 1s the actual fluorescence
intensity observed upon grafting P5/P7 primers and hybridizing with a TET-dye derivatized
complementary strands. FEG. 1B shows the related chart of median fluorescence intensities for
sach lane of the same grafied vorbornene (1a) silanized/ PAZAM coated unpaticrned swrface

hybridized with a comphmentary TET dye-containing oligonucleotide scquence.

Example 2
Preparation of Patterned Surface with PAZANM on Nanowell Subsirate

[0215] Patterned, sequenceable clusters were created by integrating the nanowell
substrates with the PAZAM polymer and chemical mechanical polishing (CMP). A nanowell
substrate (400 nm diarocter 750 nm pitch, 300 nm depth well) was fabricated via a proprietary
nanofabrication processed developed by Hlurnina and outsourced to Taiwan Semiconductor
Manufacturing Company Ltd {(TSMC) using nanoimprint lithography. Norbornene silane of
Example 1 was deposited by CVD on the entire surface of the substrate and PAZAM was spin
coated and heated at 64-70°C, creating a covalent linkage of the polymer to the substrate surface.
The mnterstitial covalently linked polymer was removed by polishing the surface with 10 wt% 3
um St micro particle slarry in water, through the CMP process. The patterned polymer
substrate was then grafted with primers following standard lamuna protocol. The patterned
primers on the subsirate were imaged with a Typhoon fmmager. The substrate was then sceded
with phiX DNA, clustered with Hllununa’s proprictary amplification protocol, derived from the
Twist DX kit (isothermal amplification) and sequenced.  Scquencing was conducted on an
{lumina HiSeq 2000, using the standard SBS sequencing reagent kit and the metrics were
extracted using lllumina’s scquencing analysis viewer. The sequencing analysis data showed
that the sequencing metrics of the norbornene stlanized substrate run are equivalent to those of

substrates functionalized with acrylamides.
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[0216] FIGS. 2A shows a D263 Schott glass substrate patterned with nanowells
stlanized with the norbornenc-silane derivative (I1a) and subscquently coated and thermally
cross-linked with PAZAM. The dark area is the actual fluorescence intensity observed after
chemical mechanical polishing of the excess PAZAM and upon grafting P5/P7 primers and
hybridizing with a TET-dye derivatized complementary stravds.  FIG. 2B shows the related
chart of median fluorescence intensities for each lane of the same grafied norbornene (1a)
stlanized/ PAZAM coated unpatterned surface hybridized with a complimentary TET dye-
containing oligonucleotide sequence.

6217] Not only did norbornene silanized substrate eliminate the need of additional
cross-linking agent, norbornene silanized substrates displayed a preferential atfinity for PAZAM
and facilitated the spreading of aqueous PAZAM solution. As a resuli, the PAZAM coatings
were more homogeneous and less sensitive to variations in substrate quality. FIG. 3A shows the
typhoon image of a flow cell as a result of typical failure of spin coating using standard
acrylamides functionalized surface. FIG. 3B shows the typhoon irwage of a vorbornene silane
derivative {1a) silanized flow cell, which results in more homogeneous coating. FIG. 3C shows
that a 0.25% aqueous PAZAM solution wets a norbornene silane derivative (Ia) silanized
surface 1 comparison with water smears, even i the presence of a large energy mismatch

between surface energies of the solid-lquid mterface,

Example 3
Surface Stabilitv Testing

{6218} Norbornene silanized/PAZAM coated substrates also demonstrated good shelf
life. Several patterned subsirates and un-patterned substrates were silanized with norbornene
silane of Example 1 using YES method, then subject to PAZAM coating and crosslinking using
the method deseribed in Exampled 1 and 2. The patterned substrates were stored in a shide
carrier in the dark at room temperature, nside a desiccator. After 30 days, these substrates were

sequenced and provided acceptable TET QC results and sequencing metrics (FIG. 4).
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Exampic 4
Primer Graftine with BON modified-olizos
O
N3
/r,NH
(i
HN\{;G HaNL__.O . . i O Base
/ E 3 : »
/ \ 4 ﬁ/ |
/ 7 /m ©. Primer
PAZAM Primer = PS or P7

PAZAM —

PAZAM

Scheme 2,

[0219] One cmbodiment of a method for grafting BCN-modified oliges to a
PAZAM-coated surface is as follows: 5 -modified BCN P5 and P7 oligos containing the same
sequences as the standard P35 and P7 (thiophosphate and alkyne) oligos were used to react with a
flow cell surface coated with PAZAM (0.25%w/v} without any catalysts (Scheme 2). The
PAZAM coated surface was prepared by first  treating the sorface with  3-
aminopropyitrimethoxoysilane (APTMS), followed by treatment with acryloyl chlonide (ROuL of
neat acryloyl chloride and 40pl of DIPEA 1n 1880uL anhydrous MceUN) or activated aeryloyl
NHS ester (20mg/mL mn KPi pH=8.0, 200muM} to form the unsaturated acrylamide groups.
Then, PAZAM was introduced to the unsaturated surface and the substrate was incubated at
60°C for 50-75min (static). The general method is described in U5, Appl. No. 13/784,368,
which is hereby mcorporated by reference in its entirety. The detailed experimental conditions

for each lane of the flow cell are illustrated in Table 1 below.
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Tabie 1,
Details Total [alkyne] / uM

% PAZAM, standard Blackpoo! grafting 2

% PAZAM, standard Blackpoo! grafting 2

1% PAZAM, Copper-free grafling, P35 and P7 BCN primers 2
1% PAZAM, Copper-free grafling, P35 and P7 BCN primers 2
1% PAZAM, Copper-free grafting, PS5 and P7 BCN primers 2
1% PAZAM, Copper-free grafling, P35 and P7 BCN primers 2
1% PAZAM, Copper-free grafting, P53 BON primer only 2
1% PAZAM, Copper-free grafting, P7 BON primer only 2

{02264 Au mnital Typhoon image of the grafted surface of the flow cell using the
catalyst-free grafting of BCN modified oligos described above 1s depicted 1in FIG. 3A. The flow
cell surtace was subjected to a thermal Stress test to determine the robustness of the grafted
coating and the result shown in ¥FIG. 5B demonstrated that the signal reduction {approximately
correlated with surface loss) is minimal and consistent with the standard lanes.

{0221} To explore the experimental condition for obtaining optimal primer deusities,
different concentrations of BOCN modified oligos were also tested (Table 2). The PAZAM
coated flow cell surface was prepared from a norbornene modified silane using the similar
procedure described in Example 1. Then, different concentrations of BCN modified primers
were grafted to the polymer layer. The inital Typhoon image of the grafted surface of a flow cell
using copper-free grafting method and different concentrations of BCN primers is demonstrated
in FIG. 6A. The flow cell surface was also subjected to a thermal Stress test and FIG. 6B

indicates the results from TET QC analyses performed before and after surface thermal stressing.

Tabie 2.
Channel Details Total jalkvnel/uM
1 2
2 2
3 4
4 0.25% PAZAM, Copper-free grafting 4
5 using P53 and P7 BCN primers 10
] 10
7 20
8 20

106222} Bridge amplification performed on both grafied flow cell surfaces procecded
smoothly, The clusters were viewed using a fluorescence microscope, and they appeared
comparable with those grown in the control lanes. FIG. 7A shows a fluorescence image of

clusters grown from a BON primer grafted surface. The template seeding concentration was 0.5
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pM. Sumilarly, FIG. 7B shows {luorescence images of clusters grown from a BON primer
grafted surtace where the template concentration was 3 pM,

[6223] The BCN modified oligos-grafted flow cell surfaces were then taken through
several seguencing runs using a HiSeq instrument. The high level metrics were comparable with
the control lanes, Comparison of the SBS data shows that the high-level sequencing metrics are
very comparable with resulis currently obtained from PAZAM surfaces grafted using standard
alkyne oligos.

Example S
Primer Graftine with BCN-olicos

63224} In some embodiments of the substrate surface preparation processes described
herein, the raw substrates are first coated with a silane derivative, ¢.g., norbornene derivatized
silane, then PAZAM is spin coated on to the surface. The subsirate is then polished and
assembled, subsequently subjected to primer grafing and QC. The alternative approach of
preparing substrate using pre-grafled PAZAM by functionalizing PAZAM with the standard PS
and P7 oligos in solution was also explored. This process offers scveral important advantages,
Moving the primer grafting step upstrearn would allow for more effective polymer purification
and greater control of the amount of oligos used to achigve a target surface primer density. In
addition, the workflow to a finished substraie can be shortened as the coated substrate surface
would already contain the primers required for template hybridization and thus removing the
need to use specialized fluidic instrumentation to achieve adequately grafted surfaces.

[0225] A solution of the mixed P5/P7 BCN moditied primers (total concentration =
15 uM) was added to an aqueous solution of PAZAM (0.5 w/v%) and the resulting mixture was
heated for 2 hours at 70°C. After cooling to room temperature, the mixture was used to coat a

standard HiSeq flowcell, pre-treated with a norbornene-derivatized silane layer (Scheme 3).
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0226} The pre-grafted surface was subjected to the standard thermal stress test and
the signal losses (corresponding to surface losses) were comparable to the control. A 2x26
HiSeq SBS sequencing experiment was performed using the standard reagents as described 1u
filumina standard protocol. FI1G. 8A shows the type of clusters obtained from a pre-grafted
PAZAM surface. The seeding template concentration was reduced (0.5 pM). In FIG. 8B, the
bottom surface from a channel in the same floweell 18 shown with the seeding concentration
increased to 3pM. The chaunge o cluster density 1 within expected linuts and theretore shows
that this new surface behaves very similarly to control surfaces. Inspection of the images (FIGs.
8A and 8B) indicated that the clusters were typical with the only variation being the apparent
clusier “size” as estimated by consideration of the Full Width Half Max (FWHM), which is used
internally as a proxy for the apparent cluster size, This 1s consistent with the reduced mitensity of
these clusters. A coraparison between the SBS metnies for the pre-grafied, control and BON
modified primer-grafted channels confirmas that SBS cveles were proceeding trom the clusters
generated on the surtace.

{6227] A similar, longer 8BS run was performed using a MiSeq mstrument. In this
case, a standard PAZAM solution was incubated with the BCN-modified primers for 3 hours at
70°C. The resulting grafted polymer mxture was then apphed to a norbornene functionalized
MiSeq flowceells following the standard protocols. On-board cluster generation was followed by
a 22151 cycle SBS run performed using a standard four-channel system. FIG. 9 shows a
thumbnail image of clusters grown from a channel surface coated with pre-conjugated PAZAM
mixture obtained from a standard MidSeq system (2x151 SBS). The right portion of the image
is a magnification of the left portion of the image.

[08228] The 5BS images tor all cycles from this run are comparable with those from
standard (SFA and PAZAM) SBS cxperiments. The signal-to-noise measurements are also very
similar compared against standard surfaces, showing that the no obvious entrapment of dye
molecules takes place during sequencing {(i.c. the polymer coating does not appear to undergo

additional changes).
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WHATIS CLAIMED IN:

1. A substrate comprising a first surface comprising silane or a siane derivative
covalently bound to a functionalized molecule through a first plurality of unsaturated moicties
selected from cycloalkencs, cycloalkynes, heterocycloalkenes, heterocycloalkynes, or optionally
substituted variants or combinations thereof covalently attached to silicon atoms of said silane or
stlane derivative.

2. The substrate of Claim 1, wherein said first pharality of unsaturated moieties are
selected from norbornene, heteronorbornenes, norbornene derivatives, trans-cyclooctene, trans-
cyclooctene derivatives, cyclooctyne, bicycloalkynes, or optionally substituled varianis or
combinations thereof.

3. The substrate of Claim | or 2, wherein said first plurality of unsaturated motetics
are optionally substituted norbornenc.

4. The substrate of Claim | or 2, wherein said first plurality of unsaturated moteties
are optionally substituted cyclooctyne.

5. The substrate of Claim | or 2, wherein said first plarality of unsaturated moieties

are selected from optionally substituted bicyclononynes.

6. The substrate of Claim 5, wherein the bicyclononyne is bicyclo{6.1.0lnon-4-yne.
7. The substrate of any one of Claims 1 {0 6, wherein the silane or silane derivative

comprises the following formula
”
-
R3
wherein R', R? and R’ are each independently selected from hydrogen, halogen,
optionally substituted alkyl, optionally substituted alkoxy, optionally substituted aryi,
optionally substituted aryloxy, optionally substituted heteroaryl or optionally substitate
heteroaryloxy.
8. The substrate of Claim 7, wherein R', R” and R’ are independently optionally

substituted alkoxy.

9, The substrate of Claim 8, wherein cach of Rl, R% and R’ is methoxy.
10.  The substrate of any one of Claims 1 to 9, further comprising linkers covalently

attached between silicon atoms of said silane or silane derivative and the first plurality of

unsaturated moieties,
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11.  The substrate of Claim 10, wherein the linkers are selected from optionally
substituied  alkyleves, optionally  substituted  hetevoalkylenes,  optionally  substituted
cycloalkylenes, optionally substituted heterocyclylenes, optionally  substituted  arylenes,
optionally substituted heteroarylenes, optionally substituted polyethylene glycols, cleavable
hinkers, or combinations thercof,

12, The substrate of Claim 10 or 11, wherein the linkers are selected from optionally
substituted alkylenes or optionally substituted hetercalkylenes.

13, The substrate of any one of Claims 10 to 12, wherein the Hukers are an optionally

substituted ethylene.

14, The substrate of Claim 10 or 11, wherein the hokers are cleavable linkers.
15. The substrate of Claum 11 or 14, wherein the cleavable Hnkers are selected from

Is

{(-S-5-}, esters, nitrobenzencs, imines, peptides or polynucieotides.

16. The substrate of any one of Claims 1 to 15, wherein the silane or silane denvative
are applied onto the {irst surface by chemical vapor deposition.

17. The substrate of any one of Claims § to 15, wherein the silane or silane derivative
is applied onto the first surface by Yield Enginecring Systems (YES}) method.

18.  The substrate of any one of Claims 1 to 17, wherein the functionalized molecule
comprises a polymer, a hydrogel, an amino acid, a peptide, a nucleoside, a nucleotide, a
polynucicotide, a protein, or combmnations thereof,

19, The substrate of Claim 18, wherein said functionalized wolecule coroprises
functional groups sclected from optionally substituted alkenyl, azido, optionally substituted
amino, carboxyl, optionally substituted hydrazone, optionally substituted hydrazine, hydroxy,
optionally substituted tetrazole, optionally substituted tetrazine, nitrile oxide, nitrone, or thiol,
provided that the functionalized molecule is not norbornene or polymerized norbornence.

206.  The substrate of any one of Claims 1 to 19, wherein the functionalized molecule
is a hydrogel or polymer comprising one or more functional groups selected from azido,
optionally substituted amnno, optionally substituted alkenyl, optionally substituted hydrazone,
optionally substituted hydrazine, carboxyl, hydroxy, optionally substituted tetrazole, optionally
substituted tetrazine, ntirtle oxide, nitrone or thiol, or combinatious thereof.

21, The substrate of Claim 20, wherein the functionalized molecule comprises a

recurring unit of Formula (1) and a recurring unit of Formula (H):
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N
Ty R
O NH O -
R1 R‘y R5
(B uy
wherein

R’ is H or alkyl:

R* is selected from the group consisting of azido, optionally substituted amino,
optionally substituted alkenyl, optionally substituted hydrazone, optionally substituted
hydrazine, carboxyl, hydroxy, optionally substituted letrazole, optionally substituted
tetrazine, niirile oxide, nitrone and thiol;

X i3 an optionally substituted alkylenc linker or an optionally substituted
heteroalkylene hinker;

R RY, RPand R” arc each independently selected from H, R®, OR, nC(O}ORég -
C{O)R®, -OC{OR", -C(OY NR'R®, or -NR'RY;

R’ is independently selected from H, OH, alkyl, cycloalkyl, hydroxyalkyl, aryl,
heteroaryl, heterocyclyl, or optionally substituted variants thereof; and

R’ and R® are each independently selected from H or alkyl, or R and R® are
joined together with the atom or atoris to which they are attached to form a heterocycle.
22, The substrate of Claim 20, wherein the functionalized molecule comprises a

polymer of Formula (1) or (I

O RA
j//\ GY\RA
R ( A
7,

o ESEH ’ NH,
0 O NHz O NH O NH,
SRR
R' R° am RS R’ (1)

R’ is H or optionally substituted alkyl;

R™ is selected from the group consisting of azido, optionally substituted amino,
optionally substituted alkenyl, optionally substituted hydrazone, optionally substituted
hydrazine, carboxyl, hydroxy, optionally substituted tetrazole, optionally substituted
tetrazine, and thiol;

R is selected from H or optionally substituted alkyl;

gach of the -(CHy)-p can be optionally substituted;
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p is an integer in the range of 1 to 50;
11 18 an teger in the range of 1 1o 58,000; and
m 18 an integer in the range of 1 to 100,000,

23.  The substrate of Claim 22, whercin p1s 5,

24.  The substrate of any one of Claims 1 to 23, wherein the functionalized molecule
comprises azido groups.

25.  The substrate of Claim 24, wherein the functionalized molecule is poly{N-(5-
azidoacetamidylpentyhacrylamide-co-acrylamide).

26.  The substrate of any one of Claims 1 to 25, further comprising oligonucieotides
covalently attached to the functionalized molecule through a second plorality of unsaturated
moieties selected from cycloalkenes, cycloalkyues, heterocycloalkenes, heterocycloalkynes, or
optionally substituted varianis or combinations thereof,

27.  The substrate of Claim 26, wherein said second plurality of unsaturated moteties
are optionally substituted cyclooctyne,

Z8. The substrate of Claim 26, wherein said second plurality of unsaturated moieties
are sclected from optionally substituted bicyclononynes.

29.  The substrate of Claim 28, wherein the optionally substituted bicyclononynes
comprise bicyclo{6.1.8non-4-yne.

30, The substrate of any one of Clairus 1 to 29, wherein the substrate s selected from
glass substrate, silica substrate, plastic substrate, quariz substrate, metal subsirate, metal oxide
substrate, or combinations thereof,

31, The substrate of Claim 30, wherein the substrate comprises glass,

32, The substrate of any one of Claims | to 31, wherein the first surface comprises
both functionalized molecules coated regions and inert regions.

33, The substrate of Claim 32, wherein the inert regions are selected from glass
regions, metal regions, mask regions or interstitial regions.

34. The substrate of Claima 33, wheretn the ert reglons comprises glass.

35. A wethod of immobilizing a functionalized molecule comprisimg functional
groups to a first surface of a substrate, said method corprising:

applying silanc or a stlane derivative comprising a first plurality of unsaturated
moicties  sclected  from  cycloalkenes,  cycloalkynes,  heterocycloalkenes,
heterocycloalkynes, or optionally substituted variants or combinations thereof covalently

attached thereto onto said first surface of the substrate; and
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covalently attaching the functionalized molecule to said silane or stlane derivative
by reacting the functional groups of said functionalized roolecule with said first plurality
of unsaturated mwoteties o form a coating layer.

36.  The method of Claim 35, further comprising:

providing oligonucleotides comprising a second plurality of unsaturated moicties
selected from cycloalkenes, cycloalkynes, heterocycloalkenes, heterocycloalkynes, or
optionally substituted variants or combinations thereof;

reacting said second phurality of unsaturated moieties of said oligonucleotides
with said functional groups of the functionalized molecule to form covalent bonding,.

37 The method of Claim 35, wherein said first plurality of unsaturated moieties are
selected from norbornene, heteronorborenes, norbormene derivatives, trans-cycloociene, trans-
cyclooctene derivatives, cyclooctyne, bicycloalkynes, or optionally substituted varianis or
combinations thereof,

38.  The method of Claim 36, wherein said sccond plurality of unsaturated motetics
are selected from norbornene, heteronorbornenes, norbornene derivatives, trans-cyclooctene,
trans-cyclooctene derivatives, cyclooctyne, bicycloalkynes, or optionally substituted variants or
combinations thereof.

39, The method of any one of Claims 35 to 38§, wherein said first plurality of
unsaturated moicties of said silane or stlane derivative are optionally substituted norbomene,

40.  The method of any one of Clairus 35 to 38, wherein said first plurality of
unsaturated moicties of said silane or silane derivative are optionally substituted cyclooctyne.

41.  The method of any one of Clairus 35 to 38, whercin said first plurality of
unsaturated moteties of said silane or silane derivative are selected from optionally substituted
bicyclononynes.

42, The method of Claim 41, wherein the optionally substituted bicyclononynes
comprise bicyclof6.1.0jnon-4-yne.

43, The method of any one of Clams 36 to 42, wherein the secoud phurality of
unsaturated mwotetics of said oligonucleotides are optionally substituted cyclooctyne.

44.  The method of any one of Clams 36 to 42, wherein the secoud phurality of
unsaturated moictics of said oligonucleotides are selected from  optionally substituted
bicyclononynes.

45. The method of Claim 44, wherein the optionally substituted bicyclononynes

comprise bicyclo{6.1.0non-4-yne.

-58-



WO 2015/002813 PCT/US2014/044356
46.  The method of any one of Claims 35 to 45, wherein the silane or stlane derivative
comprises the following formula
R‘i
l
Rgmm§p__
R3
wherein R', R? and R® are cach independently selected from hydrogen, halogen,
optionally substituted alkyl, optionally substituted alkoxy, optionally substituted aryi,

optionally substituted aryloxy, optionally substituted heteroaryl or optionally substituted

heteroaryloxy.
47. The method of Claim 46, wherein R, R™ and R are independently optionally

substituted alkoxy.

438, The method of Claim 47, wherein cach of R , R* and R’ is methoxy.
49, The method of any one of Claims 35 to 48, wheremn said sitlane or silane

derivative further comprise linkers covalently attached between silicon atoms and said first
plurality of unsaturated moieties,

56. The method of Claim 49, wherein the linkers are selected from optionally
substinited  alloylenes, optionally  substituted  heteroalkylenes, optionally  substitated
cycloalkylenes, optionally substituted heterocyclylenes, optionally  substituted  arylenes,
optionally substituted heteroarylenes, optionally substituted polyethylene glycols, cleavable
linkers, or combinations thereof,

51, The method of Claim 49 or 50, wherein the linkers are sclected from optionally
substituted alkylenes or optionally substituted heteroalkylenes.

52. The method of any one of Claims 49 to 51, whercin the linkers are optionally
substituted ethylene.

53, The method of Claim 49 or 50, wherein the linkers are cleavable linkers.

34, The method of Claim 30 or 53, wherein the cleavable linkers are selected from (-
5-S-}, esters, niirobenzenes, imiues, peptides or polynucleotides.

55. The method of any onc of Claims 35 to 54, wherein said silane or silane
derivative are applied onto the first surface by chemical vapor deposition.

36. The method of any one of Claims 35 to 34, wherein  said silane or silane
derivative is applicd onto the first surface by Yield Engineering Systems (YES) method.

57.  The method of any one of Claims 35 to 56, whercin the functionalized molecule
comprises a polymer, a hydrogel, an amino acid, a peptide, a unucleoside, a nucleotide, a

polynucleotide, a protein, or combinations thereof,
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58, The method of Claim 57, wherein said functionalized molecule comprises
functional groups selected from optionally substituted alkenyl, azido, optionally substituted
amino, carboxyl, optionally substituted hvdrazone, optionally substituted hydrazine, hydroxy,
optionally substituted tetrazole, optionally substituted tetrazine, nitrile oxide, nitrone or thiol,
provided that the functionalized molecule 18 not norbornene or polymerized norbornene.

59.  The method of any one of Claims 35 to 5§, wherein the functionalized molecule
is a hydrogel or polymer comprising onc or more functional groups selected from azido,
optionally substituted anvino, optionally substituted alkenyl, optionally substituted hydrazone,
optionally substituted hydrazine, carboxyl, hydroxy, optionally substituted tetrazole, optionally
substituted tetrazine, ntirtle oxide, nitrone or thiol, or combinatious thereof.

60.  The method of Claim 39, wherein the functionalized molecule comprises a

recurring unit of Formula (1) and a recurming unit of Forroula (I

N
X YR
O NH O "
‘ Rﬁ’
[N
1 RY v
R TR
wherein

RYis H oor alkyl;

R™ is selected from the group consisting of azido, optionally substituted amino,
optionally substituted alkenyl, optionally substituted hydrazone, optionally substituted
hydrazine, carboxyl, hvdroxy, optionally substituted teirazole, optionally substituted
tetrazine, nitrile oxide, nitrone, and thiol;

X 18 an optionally substituted alkylene linker or an optionally substituted
hetercalkylene linker;

R4, R4’, R and R” are each independently selected from H, R® OR®, »C(O}ORG, -
CIORS, -OCOIRS, -C(0) NR'RY, or -NR'R?;

R® is independently selected from H, OH, alkyl, cycloalkyl, hydroxyalkyl, aryl,
heteroaryl, heterocyelyl, or optionally substituted variants thereof and

R’ and R" are cach independently sclected from H or alkyl, or R’ and R” are
joined together with the atom or atoms to which they are attached to form a heterocycle,
61 The method of Claim 59, wherein the functionalized molecule comprises a

polymer comprising Formula (1if} or (HI'::
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O RA
Y\ o RA
{ [}’F}NH ( NH
0. NH NH;
o NH, O NH OWNHZ
n 1]
R'i RS - m FEEE
(110 iy

R'is H or optionally substituted allyl:

R™ is selected from the group consisting of azido, optionally substituted amino,
optionally substituted alkenyl, optionally substituted hydrazone, optionally substituted
hydrazine, carboxyl, hvdroxy, optionally substituted teirazole, optionally substituted
tetrazine, nitrile oxide, nitrone and thiol;

R is selected from H or optionally substituted alkyl;

gach of the -(CH;}-p can be optionally substituted;

p is an integer in the range of 1 to 58;

n is an integer in the range of 1 to 54,000; and

o 18 an integer in the range of T to 100,000,

62. The method of Claim 61, wherein p s 5,
63, The method of any one of Claims 35 to 62, wherein the {functionalized molecule

compriscs azido groups.

64. The method of any one of Claims 35 to 63, wherein the substrate is selected from
glass substrate, silica substrate, plastic substrate, quartz substrate, metal substrate, metal oxide
substrate, or combinations thereof,

65.  The method of Claim 64, wherein the substrate comprises glass.

66.  The method of any oune of Claims 35 to 65, wherein the first surface corprises
both functionalized wolecules coated regions and inert regions.

67.  The method of Claim 66, wherein the nert regions are selected from glass
regions, metal regions, mask regions or interstitial regions,

68. The method of Claim 67, wherein the inert regions comprises glass,

69.  The method of any onc of Claims 35 to 68, further comprising a washing step to

remove excess unbounded functionalized molecules.

76.  The method of any one of Claims 35 to 69, further comprising a drying step.
71 A method of grafting primers to a first surface of a substrate, said method
comprising:
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providing a substrate comprising a coating layer on a {irst surface of the substrate,
wherein said coating layer comprises silane or a silane derivative covalently bound to a
functionalized molecule through a first plurality of unsaturated moieties of said silane or
silane dervative, wherein said first plurality of unsaturated moicties are selected from
cycloalkenes, cycloalkynes, heterocycloalkenes, heterocycloalkynes, or  optionally
substituted variants or combination thercof thereof, and wherein the functionalized
molecule comprises functional groups;

contacting oligonucleotides comprising a second plurality of unsaturated moieties
selected from cycloalkenes, cycloalkynes, heterocycloalkenes, heterocycioalkynes, or
optionally substituted variants or combinations thereof with said coating layer; and

reacting said secoud plurality of wnsaturated moieties of said oligonucleotides
with said functional groups of the functionalized molecule to form covalent bonding,
72. The method of Claim 71, wheren said coating layer is prepared by,

applying silanc or a silanc derivative comprising said first plurality of unsaturated
moicties onto said first surface of the substrate, and

covalently attaching said functionalized molecule to said silane or silane
dertvative by reacting the functional groups of said functionalized molecule with said
first plurality of unsaturated moieties.
73. A method of grafting privoers on a {irst surface of a substrate, said method

comprising:

providing a substratc having a first surface comprising silane or a silanc
dertvative, wherein the silane or silane derivative comprises a first plurality of
unsaturated moicties selected from cycloalkenes, cycloalkynes, heterocycloalkenes,
heterocycloalkynes, or optionally substituted variants or combinations thereof covalently
attached thereto onto said first surface of the substrate;

providing pre-conjugated primers comprising oligonucleotides covalently bonded
to a functionalized molecule, wherein said functionalized molecule comprises functional
groups; and

contacting said pre-conjugated primers with said silane or silane derivative such
that said pre-conjugated primers are covalently attached to said first surface of the
substrate by reacting the functional groups of said functionalized molecule with said first
phurality of unsaturated moieties of the silanc or silane derivative to form covalent

bonding.
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74.  The method of Claim 73, wherein the pre-conjugated primers are prepared by
reacting the functional groups of said functionalized wwolecule with a second plurality of
unsaturated moieties of said oligonucleotides to form covalent bonds, wherein said second
plurality of unsaturated moieties of said oligonucleotide are selected from cycloalkenes,
cvcloalkynes, heterocycloalkenes, heterocycloalkynes, or optionally substituted variants or
combinations thereof,

75.  The method of any one of Claims 71, 72 and 74, wherein the first plurality and
the second phurality of unsaturated moieties are independently selected from norbornene,
heteronorbornenes, norbornene derivatives, trans-cyclooctene, trans-cyclooctene derivatives,
cyclooctyne, bicycloalkynes, or optionally substituted variants or combinations thereof thereof,

76. The method of any one of Claims 71 to 75, wherewn the first plurality of
unsaturated mwotetics of said silane or silane denivative are optionally substituted norbornene.

77. The method of any one of Claims 71 to 73, wherein the first plurality of
unsaturated motetics of said silane or silane derivative are optionally substituted cyclooctyne.

78. The method of any one of Claims 71 to 75, wherein the first plurality of

unsaturated motietics of said silane or silane derivative are optionally substituted bicyclononynes.

79.  The method of Claim 78, wherein the bicyclononyne is bicyclo{6.1.0 non-4-yne.
80.  The method of any one of Claims 71, 72 and 74 to 79, wherein the second

plurality of unsaturated moieties of said oligonucleotides are optionally substituted cyclooctyne,
81.  The method of any ove of Claimus 71, 72 and 74 to 79, wherein the second
plurality of unsaturated mwoicties of said oligonucleotides are optionally  substituted

bicyclononyncs,

§2.  The method of Claim 81, wherein the bicyclononyne is bicyclo[6.1.0non-4-yne,
83. The method of any onc of Claims 71 to 82, wherein said silane or silane

derivative comprises the following formula:
R“]
RZMS;EW
RS
wherein R}, RY and R’ are cach mdependently selected from hydrogen, halogen,
optionally substituted alkyl, optionally substituted alkoxy, optionally substituted aryl,

optionally substituted aryloxy, optionally substituted hetercaryl or optionally substituted

heteroaryloxy.
84,  The method of Claim 83, wherein R', R¥ and R’ are independently optionally

substituted alkoxy.
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85.  The method of Claim 84, wherein each of R', R¥ and R’ is methoxy.

86.  The method of any ope of Claims 71 to 83, wherewn said sdane or silane
derivative further comprse linkers covalently attached between silicon atorus and said first
plurality of unsaturated moieties,

87.  The method of Claim 86, the linkers are sclected from optionally substituted
alkylenes, optionally substituted heteroalkylenes, optionally substituted cycloalkylenes,
optionally substitited heterocyclylenes, optionally substituted arvienes, optionally substituted
heteroarylenes, optionally substituted polyethylene glveols, cleavable linkers, or combinations
thereof.

88, The method of Claim 86 or 87, wherein the linkers are selected from optionally
substituted alkylenes or optionally substituted heteroalkvlenes.

89, The method of any one of Claims 86 to 88, wherein the linkers are optionally

substituted cthylene.

30, The method of Claim 86 or 87, wherein the linkers are cleavable linkers.
91. The method of Claim 87 or 990, wherein the cleavable linkers are selected from (-

S-5-}, esters, nitrobenzenes, imines, peptides or polynucleotides.

92.  The method of any ome of Claims 71 to 91, wherein said silane or silane
derivative are applied onto the first surface by chemical vapor deposition.

93.  The method of any one of Claims 71 to 91, wherewn said sdane or silane
derivative are applied onto the {irst surface by Yield Engineering Systerns (YES) method.

94.  The method of any one of Claims 71 to 93, wherein the functionalized molecule
comprises a polymer, a hydrogel, an amino acid, a peptide, a nucleoside, a nucleotide, a
polynucieotide, a protein, or combinations thereof,

95. The method of Claim 94, wherein said functionalized mwolecule comprises
functional groups selected from optionally substituted alkenyl, azido, optionally substituted
amino, carboxyl, optionally substituted hydrazone, optionally substituted hydrazine, hydroxy,
optionally substituted tetrazole, optionally substituled tetrazine, nitrile oxide, nitrone or thiol,
provided that the functionahzed molecule 18 not norbornene or polymerized norbornene.

96, The method of any one of Claims 71 to 35, wherein the {unctionalized molecule
18 a hydrogel or polymer comprising functional groups selected from azido, optionally
substituted amino, optionally substituted alkenyl, optionally substituied hydrazone, optionally
substituted hydrazine, carboxyl, hydroxy, optionally substituted tetrazole, optionally substituted

tetrazine, nitrile oxide, nitrone or thiol, or combinations thereof,
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97.  The method of Claim 96, wherein the functionalized moolecule comprises a

recurring unit of Forroula (1) and a recurring unit of Formula (1)

N
);(, "\.RA
] NH O
1 RY o5 o
R o R Ry
wherein

R'is H or alkyl:

R is selected from the group consisting of azido, optionally substituted amino,
optionally substituted alkenyl, optionally substituted hydrazone, optiovally substituted
hydrazine, carboxyl, hydroxy, optionally substituted tetrazole, optionally substituted
{etrazine, nitrile oxide, nitrone, and thiol;

X i3 an optionally substituted alkylenc linker or an optionally substituted
heteroalkylene linker;

R‘i 1{4", R and R® are each independently selected from H, Rﬁ, 01{6, ~C(ﬁO}ORﬁ, -
CONRY, -OC{OMR, -C(OY NR'R®, or -NRRY,

R is independently selected from H, OH, alkyl, cyeloalkyl, hydroxyallkyl, aryl,
heteroaryl, heterocyelyl, or optionally substituted variants thereof; and

R’ and R® are each independently selected from H or alkyl, or R and R® are
joined together with the atom or atoms to which they are attached to form a heterocycle,
98.  The method of Claim 96, whercin the functionalized molecule comprises a

polymer comprising Formmula (1 or (')

Oy NHp O NH O NH,
{ )
‘ N
M

1
R R RS R (1)

R’ is H or optionally substituted alkyl;

R* is selected from the group consisting of azido, optionally substituted amino,
optionally substituted alkenyl, optionally substituted hydrazone, optionally substituted
hydrazine, carboxyl, hydroxy, optionally substituted tetrazole, optionally substituted

tetrazine, nilrile oxide, nitrone and thiol;
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R’ is selected from H or optionally substituted alkyl;
each of the ~(CHa)-p can be optionally substituted;
p 18 an integer in the range of 1 1o 50;
n is an mteger in the range of 110 50,000; and
m 18 an mteger in the range of | to 100,000,

99, The method of Claim 98, wherein p is 5.

100.  The method of any one of Claims 71 to 99, wherein the functionalized molecule
comprises azido groups.

101, The method of any one of Claims 71 to 100, wherein the substrate is selected
from glass substrate, silica substrate, plastic subsirate, quartz subsirate, metal substrate, roetal
oxide substrate, or combinations thereof,

102,  The method of Claim 191, wherein the substrate comprises glass.

103, The method of any one of Clairus 71 to 102, wherein the first surface comprises
both functionalized molecules coated regions and inert regions,

104, The method of Claim 103, whercin the inert regions are selected from glass
regions, metal regions, mask regions or interstitial regions, or combinations thereof.

105, The method of Claim 104, wherein the inert regions comprises glass.

106.  The method of any one of Claims 71 to 105, further comprising a washing step to
remove excess unbounded functionalized molecules.

107.  The wethod of nay oue of Claims 71 to 106, further comprising a washing step o
remove excess unbounded oligonucleotides,

108.  The method of any one of Claims 71 to 107, further comprising a drying step.
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