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LONG INDEXED-LINKED READ GENERATION ON TRANSPOSOME BOUND
BEADS

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001 This application clamus priority to U.S. Prov. App. No. 63/145,902 filed
Febroary 4, 2021 entitled “LONG INDEXED-LINKED READ GENERATION ON
TRANSPOSOME BOUND BEADS” which 13 incorporated by reference herein mn s

entirety.

REFERENCE TO SEQUENCE LISTING
{0082} The present application is being filed along with a Sequence Listing in
electronic  format.  The Sequence lasting 15 provided as a file entitied
Sequence Listing ILLINC 406WQO, created on February 3, 2022, which 15 2.7 kilobytes in
size. The mformation m the electronic format of the Sequence Listing 1s incorporated herem

by reference n its entirety.

FIELD
{0003} Systems, methods, and compositions provided herein  relate to
compositions, systems, and methods for spatial mdex sequencing and nucleic acid library

preparation.

BACKGROUND

{0004} The detection of specific nucleic acid sequences present in a biological
sample has been used, for example, as a method for dentifying and classifying
microorganisms, diagnosing  infectious  diseases, detecting and characterizing  genetic
abnormalities, identifymg genetic changes associated with cancer, studying genetic
susceptibility to disease, and measuring response (o various types of treatment. A common
technique for detecting specific nucleic acid sequences 1n a biclogical sample 1s nucleic acid
sequencing.

{0085] Next generation sequencers are powerful tools that generate large amounts
of genomic data per sequencing run. Interpreting and analyzing thus large amount of data can

be challenging.
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SUMMARY

[{0086] The present disclosure is related to systems, methods, and compositions
for making indexed-linked reads using bead-bound transposomes and a droplet generator.

{8007} Some embodiments provided herein relate to systems for mucleic acid
indexed amplification. In some embodiments, the systems inchude a plurality of contiguity
beads, an indexed primer pool, and a detector for obtaining sequencing data. In some
embodiments, each contiguity bead is associated with a transposome. In some embodiments,
each contiguity bead includes a bead-bound nucleic acid molecule. In some embodiments,
the indexed primer pool includes a plurality of primer beads and a solution primer. In some
embodiments, each primer bead includes an adapter, a barcode, and a primer. In some
embodiments, the contiguity beads and primer beads are partitioned together within droplets.
In some embodiments, the primer is a P53 primer. In some embodiments, the solution primer
comprises adapters and primers. In some embodiments, the solution primer comprises B15
adapters and P7 primers. In some embodiments, the fransposome comprises transposase and
transposon.

{0008} In some embodiments, the contiguity beads and/or the primer beads are
hydrogel beads include a hydrogel polymer and a crosshinker. In some embodiments, the
hydrogel polymer includes polyethylene glycol (PEGHthiol/PEG-acrylate, acrylanmide/N N’ -
bis{acrylovheystammne  (BACy), PEG/polvpropylene oxide (PPO), polyacryhic  acid,
polvihydroxyethyl methacrylate) (PHEMA)}, poly{methyl methacrvlate} (PMMA), poly{N-
sopropylacrylamide) (PNIPAAm), polytlactic acd) (PLA), poly(lactic-co-glycolic acid)
(PL.GA}, polycaprolactone (PCL), poly(vinylsulfonic acid) (PVSA), poly(L-aspartic acid),
poly{L-glutamic acid), polylysine, agar, agarose, alginate, heparin, algmate sulfate, dextran
sulfate, hvaluronan, pectin, carrageenan, gelatin, chitosan, cellulose, or collagen. In some
embodiments, the crosshinker inchudes bisacrylamde, diacrylate, diallvlamine, triallylamine,
divinyl  sulfone,  diethyleneglveol  diallyl  sther,  ethyleneglycol  duacrylate,
polymethvleneglycol  diacrviate,  polyethyleneglycol  diacrylate, trimethylopropoane
trimethacrylate, ethoxvlated trimethylol triacrylate, or ethoxviated pentaerythriiol
tetracrylate. In some embodiments, the nucleic acid is a DNA molecule of 50,000 base pairs

or greater.

-
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{0609} Some embodiments provided herein relate to flow cell devices for nucleic
acid indexed amplification. In some embodiments, the devices include a solid support that
inciudes a plurality of partitioned droplets. In some embodiments, the plurality of partitioned
droplets include a contiguity bead associated with a transposomes, and including a bead-
bound nucleic acid molecule and a primer bead comprising an adapter, a barcode, and a
primer. In some embodiments, the plurality of partitioned droplets are distributed along a
surface of the solid support.

(0010} In some embodiments, the solid support 1s functionalized with a surface
polymer. In some embodiments, the surface polymer 15 poly(N-(S-azidoacetamidylpentyl)
acrylamide-co-acrvlamide) (PAZAM) or silane free acryvlanmude (SFA) In some
embodiments, the flow cell includes a patterned surface. In some embodiments, the patierned
surface comprises wells. In some embodiments, the wells are from about 10 pm to about 50
wm in diameter, such as 10 um, 15 pm, 20 pm, 25 pm, 30 um, 35 um, 40 um, 45 um, or 50
um in diameter, or within a range defined by any two of the aforementioned values, and
wherein the wells are about 0.5 um to about | pm in depth, such as 0.5 pm, 0.6 um, 0.7 pum,
0.8 um, 09 um, or 1 pum wn depth, or within a range defined by anv two of the
aforernentioned values. Tn some embodiments, the wells include a hydrophobic matenial. In
some embodiments, the hydrophobic matenial comprises an amorphous fluoropolymer, such
as CYTOP, Fluoropel®, or Teflon®. In some embodiments, the nucleic acid 15 a DNA
molecule of 50,000 base pairs or greater. In some embodiments, the transposome comprises
transposase and transposon.

{8011} Some embodiments provided herein relate to methods of nucleic acid
mdexing. In some embodiments, the methods include generating a plurality of contiguity
beads for on bead tagmentation, each bead linked to a transposome, and comprising a bead-
bound nucleic acid molecule, performing a tagmentation reaction on the nucleic acid
molecule, generating a plurality of primer beads, each primer bead comprising an adapter, a
barcode, and a primer, partitioning the contiguity beads and the primer beads together within
droplets with a solution primer, amplhifying nucleic acid molecule within the partitioned
droplets, and mdexing the nucleic acid molecule in each droplet.

{6012} In some embodiments, the nucleic acid is a DNA molecule of 50,000 base

pairs or greater. In some embodiments, the methods further include performing nucleie acid
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amplification on nucleic acid molecule prior to performing the tagmentation reaction. In
some embodiments, the amplification reaction comprises multiple displacement
amplification (MDA). In some embodiments, the tagmentation reaction comprises contacting
the nucletc acid with a transposase mixture comprising adapter sequences and transposomes.
In some embodiments, the indexing is performed by polymerase chain reaction (PCR). In
some embodiments, the droplets are partitioned into more than 900,000 different indexed
PCR compartments. In some embodiments, the methods further include partitioning the

droplets on a solid support. In some embodiments, the solid support 1s a flow cell device,

BRIEF DESCRIPTION OF THE BRAWINGS

{0013} FIG. 1 is a schematic diagram of an embodiment of a microfluidic droplet
generator system that can be used to generate partitioned droplets of on bead-transposomes.

{0014 FI(3. 2 depicts a schematic representation for exemplary methods for
performing hnked long read indexing, including contiguity-preserving transposition
sequencing (CPT-seq) on beads (step 1), partition/indexed PCR (step 23, and indexed-linked
reads {step 3).

[0015] FIG. 3 depicts a schematic representation for exemplary methods for
performing long read indexing, including CPT-seq on beads, droplet partitioning, and
indexed primer pool indexing.

0016} FIG. 4 depicts a schematic representation of resulis of chromosome level
phasing using the methods described herein.

{6017} FIG. S depicts results of number of islands compared to island length
using the long read indexing methods described herein,

[6018] FIG. 6 depicts results of variant calling and phasing blocks using the long
read 1ndexing methods described herern (left) compared to 10X sequencing (right).

{0019 FI1G. 7 depicts results of methods of long read indexing methods described
herein performed on a human leukocyte antigen (HLA) region.

{0026} FiGs. 8A and 8B depict results of methods of long read mdexing methods
described herein performed on HLA-DPA1 (FIG. BA) and HLA-A (FIG. 8B) region.

i}
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DETAILED DESCRIPTION

{0021} in the following detatled description, reference is made to the
accompanying drawings, which form a part hereof In the drawings, similar symbols
typically identify similar components, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings, and claims are not meant io be
limiting. Other emboedimenis may be utilized, and other changes may be made, without
departing from the spirit or scope of the subject matter presented herein. 1t will be readily
understood that the aspects of the present disclosure, as generally described herein, and
lfustrated in the Figures, can be arranged, substituted, combined, separated, and designed in
a wide variety of different configurations, ali of which are explicitly contemplated herein.

{00221 Embodiments provided herein relate to long read indexing systems,
devices, and methods. The systems include on bead tagmentation. The beads may include
any of the beads disclosed herein, and having a transposome attached thereto, with nucleic
acid molecules bound to the beads.

{00231 In some embodiments, the beads include hydrogel polymers and
crosslinkers that are mixed in the presence of a transposore, and which form beads bound to
transposome. In some embodiments, the beads are prepared and later mixed with
fransposome, which are then bound to the beads. In some embodiments, the beads are
prepared n the presence of nucleic acid molecules, which wrap around or associate with the
beads. In some embodiments, the beads are first prepared, mixed with fransposome, and then
mixed with nucleic acid molecules. In some embodiments, the beads enable co-assays to be
performed on the same sample while maintaining contiguity. In particular, the methods,
systems, and compositions provided herein allow confiming and accessing biomolecules
bound to the beads. Accordingly, in some embodiments, the beads described herein are
referred to heren as contiguity particles. Thus, the term “contiguity parficle” as used herein
refers to a bead used for contigusty-preserving transposition sequencing {CPT-seq).

[0024] The contiguity particles described herein may be used for next generation
compartmentalization approaches and allow multi-analyte assays performed on nucleic acid
molecules. The contiguity particles and methods of use described herein efficiently allow
millions of nucleic acid molecules to be analyzed individually thereby reducing the cost of

sample preperation and maintaining sample contiguity. The compositions and methods
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described herein maintain contiguity without the use of external compartmentalization
strategies {microfhudics) such as emulsions, immobilization, or other micro-compartments.

{60251 In some embodiments, the contiguity particles as described herein can be
used in assays to analyze a nucleic acid molecule of interest. Assays that may be performed
on the nucleic acid molecule may include, for example, DNA analysis, RNA analysis,
nucleic acid sequencing, tagmentation, nucleic acid amplification, DNA library preparation,
assay for transposase accessible chromatic using sequencing (ATAC-seq), contiguity-
preserving transposition sequencing {(CPT-seq), or any combination thereof performed
sequentially.

(0026} The use of contiguity particles for performing one or more assays on a
nucleic acid molecule may be used simultaneously on multiple contiguity particles in order to
simultaneously perform co-assays on a number of nucleic acid molecules, for example from
10,000 1o 1 million nucleic acid molecules, such as 10,000, 50,000, 100,000, 500,000, or 1
million nucleic acid molecules.

{60273 In some embodunents, the methods described herein mchude methods for
making indexed-linked reads for a variety of applications, including phasing and assembly.
In some embodiments, the method include combining on bead tagmentation with droplet
mdexing. In some embodiments, droplet indexing includes any physical compartment
indexing, including emulsions or plates, In some embodiments, the beads provided herenn
mciude transposomes, which allow for performance of on bead tagmentation on nucleic acid
molecules. In some embodiments, each nucleic acid molecule wraps around the bead,
generating bead bound fragments of the nucleic acid molecule. In some embodiments, the
methods are combined with 1ndexing. In some embodiments, the methods include
partitioning the beads 1n droplets. In some embodiments, the methods mclude performing
mdexed PCR 1n each droplet. In some embodiuments, each fragment from an mdividual
nucleic acid molecule recetves the same barcode, thereby generating indexed-linked reads.

{6028] Embodiments of the methods, systems, and devices described herein have
numerous advantages over prior methods. For example, the methods, systems, and devices
described herein provides for controlled insert size and transfers the DNA without
fragmenting DNA to physical partitions where they are uniguely indexed by PCR. In

addition, CPT-seq on bead may be performed on more than 900,000 different indexed PCR
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compartments. Further, the CPT-seq on beads results in mmproved control of library msert
{transposome density), increased efficiency of DNA transfer to droplet, robust DNA
preparation, steps of the assay that may be performed prior to droplet (including, for
example, TnS removal), and less DNA fragmentation. Embodiments of the methods allow for
template eluiion of beads, which results 1n free biotin elution of tagmented products in the
droplets after heating. In addition, the enzymes associated with the methods provide for high
amplification with strand displacing polymerase and increased amounts of enzyme. Finally,
embodiments of the methods provided herein result in increased DNA quality and allow for
compatibility with lysate.

0029} The methods, systems, and devices provided herein combine transposition
on beads with transfer of tagmented nucleic acids to physical partitions. In some
embodiments, long indexed read production includes generation of bead bound transposomes
and a droplet generator. In some embodiments, the droplet generator includes a microfluidic
device or emulsion. In some embodiments, transposition on beads includes nucleic acid
tagmentation and frequency, which may be controlled by the density of transposome on
beads. In some embodiments, beads are used to transfer tagmented nucleic acids to physical
partitions.

{0030} As used herein, the term “reagent” describes an agent or a mixture of two
or more agents useful for reacting with, interacting with, diluting, or adding to a sample, and
may include agents used m assays described heremn, mcluding agents for lysis, nucleic acid
analysis, nucleic acid amplification reactions, protein analysis, {agmentation reactions,
ATAC-seq, CPT-seq, or 8Cl-seq reactions, or other assays. Thus, reagents may mclude, for
example, buffers, chemicals, enzymes, polymerase, primners having a size of less than 50 base
pairs, template nucleic acids, nucleotides, labels, dyes, or nucleases. In some embodiments,
the reagent includes lysozyme, proteinase K random hexamers, polymerase (for example,
P29 DNA polymerase, Tag polymerase, Bsu polymerase), transposase (for example, Tn5),
primers {for example, P5 and P7 adaptor sequences}, ligase, catalyzing enzyme,
deoxvnucleotide triphosphates, buffers, or divalent cations.

Contiguity Particles

(0031 In some embodiments, the bead has a polymer shell that was prepared

from a hydrogel composition. As used herein, the term “hydrogel” refers to a substance
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formed when an organic polymer (natural or synthetic} is cross-linked via covalent, 1onic, or
hydrogen bonds to create a three-dimensional open-lattice structure that entraps water
molecules to form a gel In some embodiments, the hydrogel may be a biscompatible
hydrogel. As used herein, the term “biocompatible hydrogel” refers to a polymer that forms a
gel that is not toxic to biological materials. In some embodiments, the hvdrogel materal
includes alginate, acrvlamide, or poly-ethylene glycol (PEG), PEG-acrylate, PEG-amine,
PEG-carboxylate, PEG-dithiol, PEG-epoxide, PEG-1socyanate, PEG-maleimide, polyacryvlic
acid {(PAA), poly(methyl methacrylate) (PMMA), polystyrene (PS), polystyrene sulfonate
(P58), polyvinylpyrrolidone (PYPON), N N -bis{acryloyiicystamine, polypropylene oxide
(PP,  polythydroxyethyl  methacrylate) (PHEMA)Y,  poly(N-isopropylacrylamide)
(PNIPAAm), polv(lactic acid) (PLA), poly(lactic-co-glycolic  acid) (PLGA),
polycaprolactone (PCL), poly{vinyisulfonic acid) (PYSA), poly(L-aspartic acid), poly(L-
glutamic acid), polylysine, agar, agarose, heparin, alginate sulfate, dextran sulfate,
hyaluronan, pectin, carrageenan, gelatin, chitosan, cellulose, collagen, bisacrylamide,
diacrylate, diallylamine, trallviamine, divinyl sulfone, diethvleneglycol dialiyl ether,
ethyleneglycol diacrvlate, polymethyvleneglycol diacrvlate, polyethvleneglyveol diacrylate,
trimethylopropoane trimethacrylate, ethoxylated irimethylol triacrylate, or ethoxylated
pentaerythritol tetracrvlate, or combinations or mixtures thereof In some embodiments, the
hydrogel 18 an algimate, acrylanude, or PEG based material. Tn some embodiments, the
hydrogel 1s 8 PEG based material with acrylate-dithiol, epoxide-amine reaction chemustries.
In some embodiments, the hydrogel forms a polvmer shell that mcludes PEG-
maleimide/dithiol o1, PEG-e¢poxade/aming o, PEG-epoxide/PEG-amine, or PEG-
dithiol/PEG-acrylate. In some embodiments, the hydrogel material is selected n order to
avord generation of free radicals that have the potential to damage intracellular biomolecules.
In some embodiments, the hydrogel polvimer inchudes 66-90% fluid, such as water, and 10-
30% polymer. In certain embodiments, the water content of hydrogel is about 70-80%. As
used herein, the term "about” or “approximately”, when modifving a numerical value, refers
to variations that can occur in the numerical value. For example, variations can sccur through
differences in the manufacture of a particular substrate or component. In one embodiment,

the term "about" means within 1%, 5%, or up to 10% of the recited numerical value.
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{6832} As used herein, the polymer shell is a polymer surface of a bead. Due to
the nature of the beads described herein, the contiguity particles can retain genetic material
after multiple assavs and can be released by physical force, cleaving chemicals, or by
generating csmotic imbalance depending on the thickness of the polymer shell.

{60331 Hydrogels may be prepared by cross-linking hydrophilic bispolymers or
synthetic polymers. Thus, in some embodiments, the hydrogel may include a crosslinker. As
used herein, the term “crosshinker” refers to a molecule that can form a three-dimensional
network when reacted with the appropriate base monomers. Examples of the hydrogel
polymers, which may include one or more crosslinkers, include but are not limited to,
hyaluronans, chitosans, agar, heparin, sulfate, cellulose, alginates (including alginate
sulfate}, collagen, dextrans (including dextran sulfate), pectin, carrageenan, polvlysine,
gelatins (including gelatin type A), agarose, (meth)acryvlate-oligolactide-PEG-oligolactide-
(meth)acrylate, PEOQ-PPO-PEQ copolymers {Pluronics), poly{phosphazene),
poly{methacrylates),  poly(N-vinylpyrrolidene), PL{GIA-PEO-PL{(G)A  copolymers,
poly{ethylene imine}, polyethylene glveol (PEG)-thio!, PEG-acrylate, acrylamide, N N'-
bis(acrylovhicystamine, PEG, polypropylene  oxide (PPO), polvacrylic  acd,
poly(hvdroxyethy] methacrylate) (PHEMA), poly{methyl methacrylate) (PMMA), poly(N-
wopropylacryvlamde) (PNIPAAm), poly{lactic acid)y (PLA), poly(lactic-co-glveohic acid)
(PLGA), polyeaprolactone (PCL), polv(vinylsulfonic acid) (PVSA), poly(L-aspartic acid),
polv{L-glatamic acid), bisacrylamide, diacrvlate, diailylamine, trnallylamine, divinyi sulfone,
diethyleneglycol diallyl ether, ethyleneglveol diacrylate, polymethyleneglycol diacrylate,
polvethyleneglycol diacrylate, trimethylopropoane trimethacrylate, ethoxylated trimethylol
triacrylate, or ethoxylated pentaerythritol tetracrylate, or combinations thereof Thus, for
example, a combination may include a polymer and a crosslinker, for example polyethylene
glycol  (PEGHthiol/PEG-acrylate,  acrviamide/N N -bis(acrvioylicystamine {BACy), or
PEG/polypropylene oxide (PPO}. In some embodiments, the polymer shell includes a four-
arm polyethylene glycol (PEG). In some embodiments, the four-arm polyethylene glycol
(PEG) 15 selected from the group consisting of PEG-acrylate, PEG-amine, PEG-carboxylate,
PEG-dithiol, PEG-epoxide, PEG-isocyanate, and PEG-maleimide

{60341 In some embodiment, the crosslinker is an instantanecus crosslinker or a

slow crosshinker. An instantaneous crosslinker is a crosslinker that instantly crosslinks the
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hydrogel polymer, and is also referred to herem as chick chemistry. Instantaneous
crosslinkers may include dithiol oil + PEG-maleimide or PEG epoxide + amine oil. A slow
crosslinker is a crosslinker that slowly crosslinks the hydrogel polymer, and may include
PEG-epoxide + PEG-amine or PEG-dithiol + PEG-acrylate. A slow crosslinker may take
more than several hours to crosslink, for example morethan 2,3, 4,5, 6,7, 8,9, 10, 11, or 12
hours to crosslink. In some embodiments provided herein, contiguity particles are formulated
by an instantancous crosslinker, and thereby preserve the state of the nucleic acid molecule
betier compared to a slow crosshinker.

{80351 In some embodiments, a crosslinker forms a disulfide bond in the hydrogel
polymer, thereby linking hydrogel polymers. In some embodiments, the hydrogel polymers
form a hydrogel matrix having pores {for example, a porous hydrogel matrix). These pores
are capable of retaining sufficiently large particles, such as nucleic acids extracted therefrom
within the polyvmer shell, but allow other materials, such as reagents, to pass through the
pores, thereby passing in and out of the beads. In some embodiments, the pore size of the
polymer shell is finely tuned by varying the ratio of the concentration of polymer to the
concentration of crosshinker. In some embodiments, the ratio of polymer to crosshinker 1s
30:1, 251, 2001, 191, 181, 1721, 16:1, 150, 14:1, 131, 120, 111, 100, 91, 81, 71, 614,
SE 4, 30, 200, L L2, 13, b4, 15, 16, 17, 18, 19, 110, 1115, 1:20, or 1:30, or a ratio
within a range defined by any two of the aforementioned ratios. Tn some embodiments,
additional functions such as DNA primer, or charged chemical groups can be grafted to
polymer matrix to meet the requirements of different applications.

(6036} As used heren, the term “porosity” means the fractional volume
{dimension-less) of a hydrogel that 15 composed of open space, for example, pores or other
opemngs. Therefore, porostty measures void spaces in a material and 1s a fraction of volume
of vouds over the total volume, as a percentage between 0 and 100% {or between 0 and 1).
Porostty of the hydrogel may range from 0.5 to 0.99, from about 0.75 to about 0.99, or from
about 0.8 to about 0.95.

{60371 The polymer shell can have any pore size that allows for sufficient
diffusion of reagenis while concomitantly retaining the nucleic acids. As used herein, the
term “pore size” refers to a diameter or an effective diameter of a cross-section of the pores.

The term “pore size” can also refer to an average diameter or an average effective diameter

-10-
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of a cross-section of the pores, based on the measurements of a plurality of pores. The
effective diameter of a cross-section that is not circular equals the diameter of a circular
cross-section that has the same cross-sectional area as that of the non-cireular cross-section.
In some embodimenis, the hvdrogel can be swollen when the hydrogel is hydrated. The sizes
of the pores size can then change depending on the water content m the hyvdrogel In some
embodiments, the pores of the hydrogel can have a pore of sufficient size to retain integrity
of the hydrogel but aliow reagents to pass through. In some embodiments, the interior of the
polymer shell is an aqueous environment. In some embodiments, the nucleic acid molecule
associated with the pelymer shell is free from interaction with the polymer shell and/or is not
in contact with the polymer shell.

{0038} In some embodiments, the contiguity particle has a diameter of about 20
um to about 200 pm, such as 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, or 200 um, or a diameter within a range defined by any two of the
atorementioned values. The size of the contiguity particle may change due to environmental
factors. In some emboduuents, the contignity particles expand when they are separated from
continuous oil phase and immersed i an aqueous phase. In some embodiments, expansion of
the contiguity particles increases the efficiency of performing assays on the genetic material,
In some embodiments, expansion of the contiguity particles creates a larger environment for
indexed inserts to be aroplified during PCR, which may otherwise be restricted in current cell
based assays.

{B039] In some embodiments, pore size allows extracted nucleic acids to diffuse
through the polymer shell. In some embodiments, the pore size of the contigusty particles can
be controlled by altering the crosslinking chemistry. The final crosslinked pore size can
further be altered by changing the environment of the contiguity particle, for example, by
changing salt concentration, pH, or temperature, thereby allowing immobilized molecules to
be released from the contiguity particle.

{0040} In some embodiments, the crosslinker is a reversible crosslinker. In some
embodiments, a reversible crosshinker 13 capable of reversibly crosslinking the hydrogel
polymer and is capable of being un-crosslinked m the presence of a cleaver. In some
embodiments, a crosshinker can be cleaved by the presence of a reducing agent, by elevated

temperature, or by an electric field. In some embodiments, the reversible crosslinker mayv be
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NN’ -bis{acrylovhcystamine, a reversible crosslinker for polyacrylamide gels, wherein a
disulfide linkage may be broken in the presence of a suitable reducing agent. Bead porosity
may be increased by temperature or chemical means, thereby releasing coniacting the
crosslinker with a reducing ageni cleaves the disulfide bonds of the crosslinker, breaking
down the beads. The beads degrade, and release the contents, such as nucleic acids that were
retained therein. In some embodiments, the crosslinker 15 cleaved by increasing the
temperature to greater than 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100°C. in some
embodiments, the crosslinker is cleaved by contacting the beads with a reducing agent. In
some embodiments, the reducing agents include phosphine compounds, water soluble
phosphines, nitrogen comtaining phosphines and salts and derivatives thereof, dithioerythritol
(DTE), dithiothreitol (DTTY (cis and trans isomers, respectively, of 23-dihydroxy-14-
dithiolbutane), Z-mercaptoethanol or PB-mercaptoethanol (BME), 2-mercaptoethanol or
aminoethanethiol, glutathione, thioglycolate or thioglycolic acid, 2.3-dimercaptopropancl,
tris{2-carboxyethyliphosphine {(TCEP), tnsthydroxymethyl)phosphine (THF), or P-
[tristhydroxymethyDphosphine} propionic acid {THPP).

[0041] In some embodiments, elevating the temperature to increase diffusion or
contacting with a reducing agent degrades the crosslinker.

{0042} In some embodiments, the crosslinking of the crosslinker establishes pores
within the contiguity particle. In some embodiments, the size of the pores n the polymer
shell are regulatable and are formulated to associate with transposome. The on bead
ransposome 1s formulated {0 associate with nucleic acids of greater than about 300 base
pairs. In some embodiments, the on bead fransposome and nucleic acids may be subjected to
various reagents for performance of various reactions. In some embodiments, the reagents
meluding reagents for processing genetic matenial, sach as reagents for isolating nacleic
acids from a cell, for amphfving or sequencing nuclewe acids, or for preparation of nucleic
acid fibraries. In some embodiments, reagents mnchude, for example, lysozyme, proteinase K,
random hexamers, polymerase (for example, ®29 DNA polymerase, Tag polvmerase, Bsu
polymerase}, transposase {for example, TnS), primers {for example, P5 and P7 adaptor
sequences), ligase, catalyzing enzyme, deoxynucleotide triphosphates, buffers, or divalent

cations.
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Methods of Making Contiouity Particles

[0043] Some embodiments provided herein relate to methods of malking
contiguity particles having transposome associated therewith. In some embodiments, a
contiguity particle is prepared by static means, such as by microwell/microarray methods or
microdissection methods, without the need of a microfluidic device. Thus, in some
embodiments, the contiguity particles described herein are prepared by a device-free method.
Initiation of polymerization can occur by chemical reaction of active group on monomer
units with specific moieties of membrane proteins, glycans or other small molecules. Initial
step of monomer polymerization can be followed by one or several rounds of monomer uniis
deposition promoted by either electrostatic or hydrophobic forces. Some of monomer layers
can contain functional groups such as biotin or other ligands that can be used later for
specific association with transposome.

{00441 In some embodiments, a contiguity particle is prepared by dynamic means,
such as by vortex assisted emulsion, microfluidic droplet generation, or valve based
microfluidics. As used herein, vortex assisted emulsion refers to vortexing a hydrogel
polymer with a transposome in a container, such as in a tube, vial, or reaction vessel The
components can be mixed, for example by manual or mechanmecal vortexing or shaking. In
some embodiments, manual mixing results in beads that associate with transposome, wherein
the beads have a size of 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110,
120, 130, 140, 150, 160, 170, 180, 190, or 200 um in diameter, or a4 size within a range
defined by any two of the aforementioned values. In some embodiments, the size of the
beads 15 non-uniform, and thus, the size of the beads includes beads of various diameters.

[D045] In some embodiments, the contigoity particles are prepared by
microfhuidic flow techniques. Microfhudic flow meludes use of a microfhndic device for
assisted gel emulsion generation, as shown in FIG. 1. In some embodiments, the mucrofluidic
device includes microchannels configured to prodece a contiguity particle of a desired size
and configured to associate with transposome at a desired density. In some embodiments, the
microftuidic device has a height of 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170,
180, 190, or 200 pm, or a height within a range defined by any two of the aforementioned
values. In some embodiments, the microfluidic device includes one or more channels. In

some embodiments, the microfhndic device includes a channel for introducing reagenis o be
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associated with the contiguity particle, such as transposome, nucleic acids, or the like, that
has been introduced to a polymer, a channel for introducing a crosshinker, and a channel for
an immiscible fluid. In some embodiments, the width of the one or more channels is
identical. In some embodiments, the width of the one or more channels is different. In some
embodiments, the width of the one or more channels 1s 20, 30, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, or 150 um, or a width
within a range defined by any two of the aforementioned values. The width and height of the
channel 15 not necessarily restricted to the values described herein and a person of skill in the
art will recognize that the size of the contiguity particle will be dependent in part on the size
of the channels of the microfluidic device. Thus, the size of the contiguity particle may be
tuned n part by modifyving the size of the channels. In addition to the size of the microflndic
device and the width of the channels, the flow rate of the channels mayv also affect the size of
the contiguity particles, and may also effect the density of transposomes associated with each
contiguity particle.

[(046] In some embodiments, the flow rate of the transposome in the polymer
through the microfluidic channel 15 1, 2, 5, 10, 20, 30, 40, 50, 60, 76, 80, 90, 100, 110, 120,
130, 140, or 150 pl/min, or a rate withun a range defined by any two of the aforementioned
values. In some embodiments, the flow rate of the crosslinker in the microfhuidic channel 1s
1,2, 5,10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 uL/min, or a rate
within a range defined by any two of the aforementioned values. In some embodiments, the
flow rate of the mmuscible fluid in the microfluidic channel is 20, 30, 50, 80, 100, 150, 160,
170, 180, 190, 200, 225, 250, 275, 300, 325, 350, 375, or 400 ul/min, or a rate within a
range defined by any two of the aforementioned values. In some embodiments, the
ransposome mixed with the polymer and the crosshinker contact one ancther in the
microftuidic droplet generator upstream of the momiscible fhuid. The contiguity particles
begin to form upon contact with the crosshinker, and associate with transposome. The
forming contiguity particles continue to flow through the microfluidic droplet generator into
an immiscible thad, such as a spacer oil and/or a crosslinking o1, at a flow rate less than the
flow rate of the immuiscible fluid, thereby forming droplets. In some embodiments, the
immiscible fluid i3 introduced in two stages, as shown in FIG. 1, including as a spacer oil and

as a crosslinker ¢il. In some embediments, the spacer oil is a nuneral oil, a hydrocarbon oil, a

-14-



WO 2022/169972 PCT/US2022/015113

silicon oil, a fluorocarbon oil, or a polydimethylsiloxane o1l or mixtures thereof. The spacer
o1l as used herein is used to avoid crosshinking of the polymer at the channel agueous-oil
mterphase.

{0047} in some embodiments, the contiguity particies are formed instantaneously
by crosshnking with an instanianecus crosslinker. For example, transposome may be
associated with the bead with a polymers like four-arm PEG maleimide or epoxide using a
microfluidic droplet generator can be instantanecusly crosslinked using crosslinkers that are
dissolvable in ous such as mineral oil or fluorocarbon oils like HFE-7500, forming a
crossiinking oil. In some embodiments, the crosslinking oil includes toluene, acetone,
tetrahydrofuran with dithiol, amine functional groups as in the case of toluene 3, 4 dithiol, 2,
4 diamuinotoluene, hexane dithiol, which readily diffuse into the forming droplets thereby
instantaneously crosshinking the contiguity particles.

{6048} In some embodiments, the contiguity particles are formulated in a uniform
size distribution. In some embodiments, the size of the contiguity particles is finely tuned by
adjusting the size of the mierofluidic device, the size of the one or more channels, or the flow
rate through the microfluidic channels. In some embodiments, the resulting contiguity
particle has a diameter ranging from 20 to 200 um, for example, 20, 25, 30, 35, 40, 45, 50,
SS, 60, 65, 70, 75, 80, 83, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200
wrn, or a diameter within a range defined by any two of the aforementioned values.

[0049] In some embodiments, the size and unmiformity of the contiguty particles
can be further controlled by contacting a hydrogel polymer prior to particle formation with a
flutdic modifier, such as with an alcohol, including isopropyl alcohol. In the absence of
isopropyl alcohol, contiguity particles form at a greater diameter than contigwity particles
formed in the presence of 1sopropyl aleshol. Isopropyl alcohol nfluences the fhuidic property
of the hydrogel polymer, allowing modulation of the size of contigutty particles.

{6056} As will be recognized by those of skill in the art, the microfhuidic device
depicted in FIG. 1 is exemplary of a three channel microfhudic device, but the microfluidic
device may be modified, varied, or altered to generate contiguity particles of a particular size
or to generate contiguity particles formed from varied hydrogel materials or crosshinkers.

0051 In some embodiments, a contigity particle, whether prepared by vortex

assisted emulston or microfluidic mertial flow assisted emulsion. In some embodimenis, the
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density of transposome associated with contiguity particle can be controiled by diluting or
concentration the solution containing the transposome within the inpuited sample. The
sample including the transposome s mixed with hvdrogel polymer, and the hydrogel
polymer containing the transposome 1s submitted to vortex assisted emulsion or microfluidic
flow assisted emulsion, as described herein.

{0052} In some embodiments, the contiguity particles are functionalized with a
nucleotide. In some embodiments, the nuclectide 1s an oligonucleotide or polyT nucleotide.
in some embodiments, the nucleotide is bound to the contiguity particles, and the
functicnalized contiguity particles can be used for targeted capture of a nucleotide of interest.

[0053] In some embodiments, the contiguity particles associated with a
transposome are cured to sustain performing multiple co-assays on a single contiguity
particle, including multiple buffer washes, multiple reagent exchanges, and multiple analyses
based on the assay being performed. The formulated contiguity particles, prepared by any of
the methods described herein, including surface-initiated polymerization technigues,
vortexing, or by the microfluidic techniques may be loaded or seeded onto a patterned flow
cell, a microarray, a plate with wells, an etched surface, a microfluidic channel, a bead, a
column, or other surface for performing multiple co-assays.

Methods of Linked Long Read Indexing

{0054} Some embodiments provided herein relate to methods of performing
hinked long read indexing using the on bead tagmented coniiguity particles. In some
embodiments, the method mcludes obtaining a conbiguity particle as described herein,
associating the particles with transposomes and nucleic acid molecules, performing on bead
tagmentation, performing partition of the on tagmented beads, and 1ndexed PCR. In some
embodiments, the methods include the steps as outhined in FIG. 2, which depicts a schematic
representation for exemplary methods for performing linked long read mdexmg, including
contiguity-preserving  transposition  sequencing {(CPT-seq}  on beads  (step 1},
partition/indexed PCR (step 2), and indexed-linked reads (step 3} The bead of step 1 i
associated with a transposome, which includes a transposon and a transposase. A nucleic acid
molecule is associated with the ransposase, and undergoes fagmentation, for example CPT-
seq. Following tagmentation, the on bead tagmentation products are partitioned using a

droplet generator or other method. Such partitioned samples of transposed DNA on beads
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may be subjected to solution primers and indexed primer beads, which index the transposed
DNA. In some embodiments, the indexed DNA is subjecied to indexed PCR, and indexed-
linked reads are obtained.

{D055] in addition fo the contiguity particles (also referred to herein as contiguity
beads), primer beads were also prepared. The primer beads can include hyvdrogel beads of
materials, compositions, and formulations described herein with respect to the coniiguity
particles, but instead of being associated with transposome, include a primer (such as a P5
primer}, a barcode, and an adapter (such as a Nextera adapter). A single primer bead may be
partitioned together with a single contiguity particle within a partitioned droplet, and together
with a primer solution mix, which may include adapters {such as B15 adapters) and primers
{such as P7 primers). The partitioned droplets may be used for barcoded indexing, with a
head pool of more than 900,000 indexed barcodes.

{0056} In some embodiments, the methods includes the steps as outlined in FIG.
3, which depicis a schematic representation for exemplary methods for performing long read
ndexing, including CPT-seq oo beads, droplet partitionung, and wndexed primer pool
mdexing, using non-barcoded transposition.

(6057} In some embodiments, the contiguity particles are prepared as described
herein, and droplets are partitioned onto a surface, such as a flow cell device, a well of a
plate, a slide, or a patierned surface. In some embodiments, the surface is a flow cell device,
and includes an msert having microwells or muicropillars in an array for distribution of the
contiguity particles for spatial indexing in a flow cell device. In some embodiments, the
droplets are partitoned onto a welled plate with 3 single contiguity particle in each well. A
welled plate may include, for example, a 12 well plate, a 24 well plate, a 48 well plate, a2 96
well plate, a 384 well plate, a 1536 well plate, a 3456 well plate, or a 9600 well plate, or any
number of wells 1 a plate, with a single contiguity particle, and partitioning the contiguity
particle mto droplet indexing for nucleic acid indexing. In some embodiments, the contiguity
particles are subjected to multiple co-assays in sequence, including, for example, buffer
washes, lysis, DNA analysis, RNA analysis, protein analysis, tagmentation, nucleic acid

amplification, nucleic acid sequencing,

DNA library preparation, assay for transposase
accessible chromatic using sequencing {ATAC-seq), contiguity-preserving transposition

sequencing {CPT-seq), or any combination thereof performed sequentially.
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{0058} In some embodimenis, the contiguity particle associated with a
transposome 18 treated to associate nucleic acids of interest thereto. In some embodiments,
nucleic acids of interest are isolated from a cell. For example, the cell may be contacted with
a lysis buffer. As used herein, “lysis” means perturbation or alteration to a cell wall or viral
particle facilitating access to or release of the cellular RNA or BDNA. Neither complete
disruption nor breakage of the cell wall i1s an essential requirement for lysis. By the term
“lysis buffer” is meant a buffer that containg at least one lysing agent. Typical enzymatic
lysing agents include, but are not limited to, lysozyme, glucolase, zymolose, lyticase,
proteinase K, proteinase E, and viral endolysins and exolysins. Thus, for example, lysis of
cells may be performed by introducing lysing agents, such as lysozyme and proteinase K.
The gDNA from the cells 15 then associated with the contiguity particles. In some
embodiments, following lysis treatment, isolated nucleic acid is retained upon the contiguity
particle, and may be used for further processing.

[08059] DNA analysis refers to any technique used to amplify, sequence, or
otherwise analyze DNA. DNA amplification can be accomplished using PCR technigues or
pyrosequencing. DNA apalysis may also comprise non-targeted, non-PCR based DNA
sequencing {e.g., metagenomics) techniques. As a non-himiting exarmple, DNA analysis may
mclude sequencing the hyper-variable region of the 168 rDNA (ribosomal DNA) and using
the sequencing for species identification via DNA.

{8060} RNNA analysis refers to any technique used to amphify, sequence, or
otherwise analyze RNA. The same techuniques used to analyze DNA can be used to amphfy
and sequence RNA. RNA, which 1s less stable than DNA 15 the translation of DNA m
response to 3 stimult. Therefore, RNA analysis may provide a more accurate picture of the
meiabolically active members of the community and may be used to provide information
about the community function of organisms in a sample. Nucleic acid sequencing refers to
use of sequencing to determine the order of nucleotides i a sequence of a nucleic acid
molecule, such as DNA or RNA.

{6061 The term “sequencing,” as used herein, refers to 2 method by which the
identity of at least 10 consecutive nuclestides {e.g., the identity of at least 20, at least 50, at

=

least 100 or at least 200 or more consecutive nucleotides) of a polynucleotide is obtained.
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{0862} The terms “next-generation sequencing” or “high-throughput sequencing”
or “NGS” generally refers to high throughput sequencing technologies, including, but not
limited to, massively parallel signature sequencing, high throughput sequencing, sequencing
by ligation {e.g., SOLiD sequencing), proton ion semiconductor sequencing, DNA nanoball
sequencing, single molecule sequencing, and nanopore sequencing and may refer to the
parailelized sequencing-by-synthesis or sequencing-by-higation platforms currently emploved
by Hiuming, Life Technologies, or Roche, etc. Next-generation sequencing methods may also
include nanopore sequencing methods or electronic-detection based methods such as fon
Torrent technology commercialized by Life Technologies or single molecule fluorescence-
based method commercialized by Pacific Biosciences.

{60631 Protein analysis refers to the study of protewns, and may include proteomic
analysis, determination of post-transiational modification of proteins of interest,
determination of protein expression levels, or determination of protein interactions with other
molecules, including with other proteins or with nucleic acids.

[0064] As used herein, the term “tagmentation” refers to the modification of DNA
by a transposome complex comprising transposase enzyme complexed with adaptors
comprising transposon end sequence. Tagmentation results i the simultaneous fragrentation
of the DNA and ligation of the adaptors o the 5" ends of both strands of duplex fragments.
Following a purification step to remove the transposase enzyme, additional sequences can be
added to the ends of the adapted fragments, for example by PCR, ligation, or any other
suitable methodology known to those of skill i the art.

[0865] The method of the mvention can use any transposase that can accept a
transposase end sequence and fragment a target nucleic acid, attaching a transferred end, but
not a non-transferred end. A “transposome™ 18 comprised of at least a transposase enzyme
and a transposase recognition sife. In some such systems, termed “transposomes”, the
transposase can form a functional complex with a transposon recognition site that is capable
of catalyzing a transposition reaction. The transposase or integrase may bind to the
transposase recognition site and insert the transposase recognition site inio a target nucleic
acid in a process sometimes termed “tagmentation”. In some such insertion events, one

sirand of the transposase recognition site may be transferred into the target nucleic acid.
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{8866} In standard sample preparation methods, each template contains an
adaptor at either end of the insert and often a number of steps are required to both modify the
DNA or RNA and to purify the desired products of the modification reactions. These steps
are performed in solution prior to the addition of the adapted fragments to a flow cell where
they are coupled to the surface by a primer extension reaction that copies the hybridized
fragment onto the end of a primer covalently attached io the surface. These ‘seeding’
templates then give rise to monoclonal clusters of copied templates through several cycles of
amplification.

{08067} The number of steps required to transform DNA into adaptor-modified
templates in solution ready for cluster formation and sequencing can be minimized by the use
of transposase mediated fragmentation and tagging.

[(068] In some embodiments, transposon based technology can be utilized for
fragmenting DNA, for example as exemplified in the workflow for Nextera™ DNA sample
preparation kits {(Hlumina, Inc.) wherein genomic DNA can be fragmented by an engineered
transposome that simulianeously fragments and tags mput DNA (“tagmentation”) thereby
creating a population of fragmented nucleic acid molecules which comprise unique adapter
sequences at the ends of the fragments.

{0069} Some embodiments can include the use of a hyperactive TnS transposase
and a Tod-tvpe transposase recognition site (Goryshin and Reznikoff, I Biol. Chem.,
273:7367 (19981, or MuA transposase and a Mu transposase recognition site comprising R1
and R2 end sequences (Mizuuchi, K., Cell, 35 785, 1983; Savilahti, H, et al, EMBO |, 14
4893, 1995). An exemplary transposase recognition site that forms a complex with a
hyperactive Tn3S transposase (e.g, EZ-Tn5™ Transposase, Epicentre Biotechnologies,
Madison, Wis.).

{6070} More examples of transposition systems that can be used with certamn
embodiments provided herein imclude Staphylococcus aureus Tn352 (Colegio et al, I
Bacteriol.,, 183: 2384-8 2001, Kirby C et al, Mol Microbiol, 43: 173-86, 2002}, Ty!
(Devine & Boeke, Nucleic Acids Res., 22: 3765-72, 1994 and International Publication WO
95/238785), Transposon Tn7 (Craig, N L, Science. 271: 1512, 1996, Craig, N L, Review in:
Curr Top Microbio! Immunol,, 204:27-48, 1996), Tr/O and 1810 (Kleckner N, et al, Curr

Top Microbiol Immunol, 204:49-82, 1996}, Mariner transposase (Lampe D ], et al,, EMBO
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3., 15 5470-9, 1996), Tcl (Plasterk R H, Cwrr. Topics Microbiol Immunol,| 204 125-43,
19963, P Element {Gloor, G B, Methods Mol. Biol,, 260: 97-114, 2004), Tn3 (Ichikawa &
Ohisubo, J Biol. Chem. 265:18829-32, 1990}, bactenial insertion sequences {Ohtsubo &
Sekine, Curr. Top. Microbiol Immunol 204: 1-26, 1996), retroviruses (Brown, et al, Proc
Natl Acad Sc1 USA, 86:2525-9, 1989}, and retrotransposon of yeast (Boeke & Corces, Annu
Rev Microbiol. 43:403-34, 1989). More examples include ISS, TnlC, Tn903, 185911, and
engineered versions of transposase family enzymes (Zhang et al, (2009} PLoS Genet
5:¢100068%. Epub 2009 CGct. 16; Wilson C. et al (2007) J. Microbiol. Methods 71:332-5}.

{0071 Assay for transposase accessible chromatic using sequencing (ATAC-seq)
refers to a rapid and sensitive method of integrative epigenomic analysis. ATAC-seq captures
open chromatin sites and reveals interplay between genomic locations of open chromatin,
DNA binding proteins, individual nucleosomes, and higher-order compaction at regulatory
regions with nucleotide resolution. Classes of DNA binding factor that strictly aveid, can
tolerate, or tend to overlap with nucleosomes have been discovered. Using ATAC-seq, the
serial datly epigenomes of resting human T cells was measured and evaluated from a pro
band via standard blood draws, demonstrating the feasibility of reading personal epigenomes
m chinical timescales for monttoring health and disease. More specifically, ATAC-seg may
be performed by treating chromatn from a cell with an insertional enzyme complex to
produce tagged fragments of genomic DNA, In this step, the chromatin is tagmented (for
example, fragmented and tagged in the same reaction) using an insertional enzyme such as
TnS or MuA that cleaves the genomic DNA in open regiouns in the chromatin and adds
adaptors to both ends of the fragments.

{08072} In some cases, the conditions may be adjusted to obtain a desirable level
of insertion in the chromatin {¢.g., an msertion that occurs, on average, every 50 to 200 base
pairs in open regions). The chromatm used i the method may be made by any swtable
method. In some embodiments, nucler may be isolated, lysed, and the chromatin may be
further purified, e g, from the nuclear envelope. In other embodiments, the chromatin may
be 1solated by contacting isolated nuclei with the reaction buffer. In these embodiments, the
isolated nuclel may lyse when it makes contact with the reaction buffer {which comprises
insertional enzyme complexes and other necessary reagents), which allows the insertional

enzyme complexes access to the chromatin. In these embodiments, the method may comprise
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isolating nuclet from a population of cells; and combmning the solated nucler with the
transposase and adaptors, wherein the combining results in both lysis of the nuclei to release
said chromatin and production of the adaptor-tagged fragments of genomic DNA. The
chromatin does not require cross-finking as in other methods {e.g., ChP-SEQ methods).

(0073} After the chromatin has been fragmented and tagged io produce tagged
fragments of genomic DNA, at least some of the adaptor tageed fragments are sequenced to
produce a plorality of sequence reads. The fragments may be sequenced using any suitable
method. For example, the fragments may be sequenced using Hllumina’s reversible terminator
method, Roche’s pyrosequencing method (454), Life Technologies’ sequencing by ligation
{(the SOLiD platform) or Life Technologies” fon Torrent platform. Examples of such methods
are described in the following references: Margulies et al. (Nature 2005 437 376-80);
Ronaghi et al. {Analvtical Biochemistry 1996 242 84-9); Shendure et al. (Science 2005 309
1728-32); Imeltort et al. (Brief Bioinform. 2009 10:609-18); Fox et al. (Methods Mol Biol.
2009;553:79-108); Appleby et al. (Methods Mol Biol 2009; $13:19-39) and Morozova et al.
{Gevomics. 2008 92:255-64), which are mcorporated by reference herein for the general
descriptions of the methods and the particular steps of the methods, including all starting
products, methods for library preparation, reagents, and final products for each of the steps.
As would be apparent, forward and reverse sequencing primer sifes that are compatible with
a selected next generation sequencing platform can be added to the ends of the fragments
during the amplification step. In certain embodiments, the fragments may be amplified using
PCR primers that hybridize to the tags that have been added to the fragments, where the
primer used for PCR have 5 tails that are compatible with a particular sequencing platform.
Methods  of performing ATAC-seq are set forth m PCT  Application  No.
PCT/USZ014/038825, which is mcorporated by reference herein m s entirety.

{6074} The term “chromatin,” as used heremn, refers to a complex of molecules
mcluding proteins and polynucieotides {e.g. DNA, RNA}), as found in a nucleus of a
eukaryotic cell. Chromatin is composed m part of histone proteins that form nuclessomes,
genomic DNA, and other BNA binding proteins (e.g., transcription factors} that are generally
bound to the genomic DNA,

{60751 Contiguity-preserving transposition sequencing {CPT-seq) refers to a

method of sequencing while preserving contiguity information by the use of wansposase to
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maintain the association of templaie nucleic acid fragments adjacent in the target nucleic
acid. For example, CPT may be carried out on a nucleic acid, such as on DNA or RNA. The
CPT-nucleic acid can be captured by hybridization of complimentary coligonucleotides
having unique indexes or barcodes and immobilized on a solid support In some
embodiments, the oligonucleotide immobilized on the solid support may further comprise
primer binding sites, unigque molecular indices, in addition to barcodes. Advaniageously,
such use of transposomes to maintain physical proximity of fragmented nucleic acids
mcreases the likelihood that fragmented nucleic acids from the same original molecule, e g,
chromosome, will receive the same unigue barcode and index information from the
oligonuclectides immobilized on a solid support. This will result 1o a contiguously-linked
sequencing library with unique barcodes. The contiguously-linked sequencing library can be
sequenced to derive contiguous sequence information. The contiguity particles described
herein may be contacted with the CPT-seq reagents for performance of CPT-seq on nucleic
acids extracted from a cell.

{80761 As used herein the term “contiguity information” refers to a spatial
relationship between two or roore DNA fragments based on shared information. The shared
aspect of the mformation can be with respect to adjacent, compartmental and distance spatial
relationships. Information regarding these relationships o tum facilitates hierarchical
assembly or mapping of sequence reads denived from the DNA fragments. This contiguity
mformation improves the efficiency and accuracy of such assembly or mapping because
raditional assembly or mapping methods used in asscciation with conventional shoigun
sequencing do not take nto account the relative genomic origins or coordinates of the
individual sequence reads as they relate to the spatial relationship between the two or more
DNA fragments from which the mdividoal sequence reads were derived.

{6077} Therefore, according to the embodiments described herein, methods of
captoring contiguity mformation may be accomplished by short range contiguity methods to
determine adjacent spatial relationships, mid-range contignity methods to determine
compartmental spatial relationships, or long range contiguity methods to determine distance
spatial relationships. These methods facilitate the accuracy and quality of DNA sequence
assembly or mapping, and may be used with any sequencing method, such as those described

herein.
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{0078} Contiguity  information includes the relative genomic origing or
coordinates of the individual sequence reads as they relate to the spatial relationship between
the two or more DNA fragments from which the individual sequence reads were derived. In
some embodiments, contiguity nformation includes sequence mformation from non-
overlapping sequence reads.

{0079} In some embodiments, the contiguity information of a target nucleic acid
sequence is indicative of haplotype mformation. In some embodiments, the contiguity
information of a target nucleic acid sequence is indicative of genomic variants.

{00801 Single cell combmatorial indexed sequencing (S8Cl-seq) s a sequencing
technique for simultaneocusly generating thousands of low-pass single cell libraries for
somatic copy number variant detection,

[6081] Accordingly, multiple co-assavs may be performed on contiguity particles
for purposes of analyzing nucleic acids, including assays described herein, alone or in
combination with any other assay.

{0082} The mdexed contiguity particles can also be loaded directly onto the flow
cells held through an array of posis/microwells. The indexed libraries released from the
contiguity particles {(chemical/temperature release) and bind to the flow cell. This aliows a
powered indexing approach where the first level of indexing comes from spatial location and
then the next level comes from the indexed libraries from a single contiguity particle.
Alternatively, indexed hibraries extracted from the contiguity particles can be collectively
loaded onto the flow cell.

{0083} In some embodiments, a configuity particle 18 contacted with one or more
reagents for nucleic acid processing. In some embodiments, reagents can include lysis agents,
nucleic acid punfication agents, DNA amplification agents, tagmentation agents, PCR
agents, or other agents used m processing of genetic matenals. Thus, the contigwty particle
provides a microenvironment for controlied reactions of mucleic acids,

[0084] In some embodiments, entire DNA library preparation can be
accomplished seamlessly mside the contiguity particle with multiple reagent exchanges by
passing through the porous hydrogel while retaiming the gDNA and its library products
within the polymer shell. The hydrogel may be resistant to high temperatures up to 95°C for

several hours to support different biochemical reactions.
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{0085} As used herein, the terms “isolated,” “io isolate” “isolation,” “purified,”

9 W

“to purify,” “purification,” and grammatical equivalents thereof as used herein, unless
specified otherwise, refer to the reduction in the amount of at least one contaminant {(such as
protein and/or nucleic acid sequence) from a sample or from a source {e.g., a cell} from
which the material is isolated. Thus purification results in an “enrichment,” for example, an
mgcrease in the amount of a desirable protein and/or nucleic acid sequence m the sample.
{60861 Following lysis and isolation of nucleic acids, amplification may be
performed, such as multiple displacement amplification (MDA}, which 15 a widely used
technigue for amplifying low gquaniities of DNA, especially from single cells. In some
embodiments, the nucleic acids are amplified, sequenced, or used for the preparation of
nucleic acid libraries. As used herein, the terms “amplify” or “amplified” “amplifying” as
used m reference to a nucleic acid or nucleic acid reactions, refer to in vitro methods of
making copies of a particular nucleic acid, such as a target nucleic acid, or a nucleic acid
associated with a contiguity particle, for example, by an embodiment of the present
mvention. Numerous methods of amplifyimg nucleic acids are koown i the art, and
amplification reactions include polymerase chain reactions, ligase chain reactions, strand
displacement amplification reactions, rolling circle amplification reactions, multiple
annealing and looping based amplification cycles (MALBAC), transcription-mediated
amplification methods such as NASBA, loop mediated amplification methods {e.g., “LAMP”
amplification using loop-forming sequences. The nucleic acid that 1s amplified can be DNA
comprising, consisting of, or derived from DNA or RNA or a mixture of DNA and RNA,
mciuding modified DNA and/or RNA. The products resuiting from amplification of a nucleic
acid molecule or molecules {for example, “amplification products™), whether the starting
nucleic acid 18 DNA, RNA or both, can be either BDNA or RNA, or a muxture of both DNA
and RNA nucleosides or nucleotides, or they can comprise modified DNA or RNA
nucleosides or nucleotides. A “copy” does not necessarily mean perfect sequence
complementarity or identity {0 the target sequence. For example, copies can include
nucleotide analogs such as deoxyinosine or deoxyuridine, intentional sequence alterations
{such as sequence alterations mtroduced through a primer comprising a sequence that is
hybridizable, but not complementary, to the target sequence, and/or sequence errors that

oceur during amplification.
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{00871 The nucleic acids that are associated with the contiguity particle can be
amplified according to any suitable amplification methodology known in the art. In some
embodiments, the nucleic acids are amplified on the contiguity particle. In some
embodiments, the contiguity particle is captured on a solid support and degraded, wherein the
nucleic acids are released onto the solid support, and the nucleic acids are amplified on the
solid support.

{6088 It will be appreciated that any of the amplification methodologies
described herein or generally known in the art can be utilized with universal or target-specific
primers to amplify nucleic acids. Suitable methods for amplification include, but are not
limited to, the polymerase chain reaction (PCR), strand displacement amplification (SDA}),
transcription mediated amplification {TMA) and nucleic acid sequence based amplification
{NASBA), as described in U.S. Pat. No. 8,003,354, which 1s incorporated herein by reference
in its entirety. The above amplification methods can be employed to amplify one or more
nucleic acids of interest. For example, PCR, including multiplex PCR, SDA, TMA, NASBA
and the like can be utidized to amplify nucleic acids. In some embodiments, primers directed
specifically to the nucleic acid of interest are included 1n the amplification reaction.

{00891 Other suitable methods for amplification of nucleic acids can wnclude
ohigonucleotide extension and ligation, rolling circle amplification (RCA) (Lizardi et al., Nat.
Genet. 19:225-232 (1998), which 1s mcorporated herein by reference) and oligonucleotide
higation assay (OLA) technologies (See generally U.S. Pat. Nos. 7,582,420, 5,185,243,
5,679,524 and 5,573,907, EP O 320 308 B1; EP 0 336 731 Bl; EP ¢ 439 182 Bl, WO
0/01069, WO 895/12696; and WO 89/09835, all of which are incorporated by reference). It
will be appreciated that these amplification methodologies can be designed to amphfy
nucleic acids. For example, in some embodiments, the amplification method can include
ligation probe amplification or oligonucleotide higation assay (OLA) reactions that contamn
primers directed specifically to the nucleic acid of mterest. In some emboduments, the
amplification method can include a primer extension-ligation reaction that contains primers
directed specifically to the nucleie acid of interest, and which are capable of passing through
the hydrogel pores. As a non-limiting example of primer extension and ligation primers that
can be specifically designed to amplify a nucleic acid of interest, the amplification can

include primers used for the GoldenGate assay (Hlununa, Inc, San Diego, Calif} as
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exemplified by U.S. Pat. Nos. 7,582,420 and 7,611,869, each of which i3 incorporated herein
by reference in its entirety. In each of the methods described, the reagents and components
mvolved in the nucleic acid reaction are capable of passing through the pores of the
contiguity particle while retaining the nucleic acid itself within the contiguity particle.

{60901 In some embodiments, the nucleic acids are amplified using cluster
amplification methodologies as exemplified by the disclosures of U.S. Pat. Nos. 7,985,565
and 7,115,400, the contents of each of which are incorporated herein by reference in their
entirety. The incorporated materials of U.S. Pat. Nos. 7,985,565 and 7,115,400 describe
methods of nucleic acid amplification which allow amplification products to be tmmobilized
on a solid support 1n order to form arrays comprised of clusters or “colonies” of iramobilized
nucleic acid molecules. Hach cluster or colony on such an array is formed from a plurality of
identical tmmobilized polynucleotide strands and a plurality of identical immobilized
complementary polynucleotide strands. The arrays so-formed are generally referred to herein
as “clustered arrays”. The products of solid-phase amplification reactions such as those
described in U.S. Pat. Nos. 7,985,365 and 7,115,400 are so-called “bridged” structures
formed by annealing of pairs of momobilized polynucleotide strands and immobilized
complementary strands, both strands bemng immobilized on the solid support at the 5 end,
preferably via a covalent attachment. Cluster amplification methodologies are examples of
methods wherein an immobilized nucleic acid template i3 used to produce vmmobilized
amplicons. Other suitable methodologies can also be used to produce immobilized amplicons
from mnmobilized DNA fragments produced according to the rmethods provided heremn. For
example one or more clusters or colonies can be formed via solid-phase PCR whether one or
both primers of each pair of amplification primers are immobilized. In some embodiments,
the nucleic acids are amplified on the contiguity particle, and then depostied in an array or on
a solid support i a cluster,

{6091} Additional  amplification methods  include isothermal amplification.
Exemplary isothermal amplification methods that can be used include, but are not limited to,
multiple displacement amplification (MDA) as exemplified by, for example Dean et al., Proc.
Natl. Acad. Sci. USA 99:5261-66 (2002} or isothermal strand displacement nucleic acid
amplification exemplified by, for example US. Pat. No. 6,214,587, each of which 1s

incorporated herein by reference in its entirety. Gther non-PCR-based methods that can be
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used in the present disclosure include, for example, strand displacement amplification (SDA)
which is described in, for example Walker et al., Molecular Methods for Virus Detection,
Academic Press, Inc, 1995, U.S. Pat. Nos. 5,455,166, and 5,130,238&, and Walker et al,
Nucl Acids Res. 20:1691-96 (1992} or hyperbranched strand displacement amplification
which is described in, for example Lage et al, Genome Research 13:294-307 (2003}, each of
which is incorporated herein by reference in its entirety. Isothermal amplification methods
can be used with the strand-displacing Phi 29 polymerase or Bst DNA polvmerase large
fragment, 5'->3" exo— for random primer amplification of genomic DNA. The use of these
polymerases takes advantage of their high processivity and strand displacing activity. High
processivity allows the polymerases to produce fragments that are 10-20 kb in length. As set
forth above, smaller fragments can be produced under isothermal conditions using
polymerases having low processivity and strand-displacing activity such as Klenow
polymerase. Additional description of amplification reactions, conditions and components
are set forth in detail in the disclosure of UK. Pat. No. 7,670,810, which is incorporated
herein by reference in s entirety. In some embodiments, the polymerases, reagents, and
components required to perform these amplification reactions are capable of passing through
the pores of the contiguity particles to interact with the nucleic acids, thereby amphifving the
nucleic acids within the contiguity particles. In some embodiments, random hexamers are
annealed to the denatured DNA followed by strand displacement synthests at a constant
temperature in the presence of a catalyzing enzyme, Phu 29, This resolts o DNA
amplification within the contigunty particles as confirmed by an increase n the fluorescence
mtensity (IDNA was stained with SYTOX) after MDA, Independently, MNextera based
tagmentation after lvsis and clean up and subsequent gDNA amplification via PCR as
mdicated by a substantial mcrease in fluorescence intensity within the contiguity particles
after Nextera tagmentation and PCR may also be performed. After this Nextera hibrary
preparation, the contigeity particles may be heated to 80°C for 3 mimites to release the
contenis of the contiguity particles namely, the sequencing ready hibrary products from a cell.

{60921 Another nucleic acid amplification method that is useful in the present
disclosure 1s Tagged PCR which uses a population of two-domain primers having a constant
5" region followed by a random 3 region as described, for example, in Grothues et al

Nucleic Acids Res. 21{5):1321-2 (1993}, mcorporated herein by reference in its entirety. The
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first rounds of amplification are carried out to allow a multitude of mitiations on heat
denatured DNA based on individual hybridization from the randomly-synthesized 3' region.
Due to the nature of the 3' region, the sites of initiation are contemplated to be random
throughout the genome. Thereafter, the unbound primers can be removed and further
replication can take place using primers complementary fo the constant 5 region.

{08093} In some embodiments, the nucleic acids are sequenced in full or in part on
the contigwiy particles. The nucleic acids can be sequenced according to any suitable
sequencing methodology, such as direct sequencing, including sequencing by synthesis,
sequencing by ligation, sequencing by hybridization, nanopore sequencing and the like.

[0094] One sequencing methodology s sequencing-by-synthesis (SBS}. In SBS,
extension of a nucleic acid primer along a nucleic acid template {e.g. a target nucleic acid or
amplicon thereof} is monitored to determine the sequence of nucleotides in the template. The
underlying chemical process can be polymerization {eg. as catalyzed by a polymerase
enzyme). In a particular polymerase-based SBS embodiment, fluorescenily labeled
nucleotides are added to a primer (thereby extending the primer) o a template dependent
fashion such that detection of the order and type of nucleotides added to the primer can he
used to determine the sequence of the template.

{0095} One or more amplified nucleic acids can be subjected to an SBS or other
detection technique that mvolves repeated delivery of reagents i cycles. For example, to
mtiate a first SBS cycle, one or more labeled nucleotides, DNA polymerase, elc., can be
flowed into/through a contiguity particle that houses one or more amplified nucleic acid
molecules. Those sites where primer extension causes a labeled nucleotide to be incorporated
can be detected. Optionally, the nucleotides can further include a reversible termmation
property that termnates further primer extension once a nucleotide has been added to a
primer. For example, a nucleotide analog having a reversible terminator motety can be added
1o a primer such that subsequent extension cannot cccur until a deblocking agent 15 delivered
to remove the motety. Thus, for embodiments 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
extend the primer by n nucleotides, thereby detecting a sequence of length n. Exemplary 8BS

procedures, fluidic systems and detection platforms that can be readily adapted for use with
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amplicons produced by the methods of the present disclosure are described, for example, in
Bentley et al, Nature 456:53-59 (2008), WO 04/018497; U.S Pat No. 7,057,026, WO
Q1/D66T8, WO 07/123744; 1S, Pat. No. 7,329,492, U.S. Pat. No. 7,211,414, U8, Pat. No.
7,315,019, US. Pat No. 7405281, and US 2008/0108082, each of which is incorporated
herein by reference.

{0096} 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 incorporated 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(5373), 363 (1998}, U.S. Pat. No. 6,210,891, US. Pat No.
6,258,568 and U.S. Pat. No. 6,274,320, each of which 1s incorporated herein by reference). In
pyrosequencing, released PPt can be detected by being immediately converted to adenosine
triphosphate (ATP) by ATP sulfuryiase, and the level of ATP generated can be detected via
tuciferase-produced photons. Thus, the sequencing reaction can be monitored via a
fununescence detection systern. Excitation radiation sources used for fluorescence based
detection systems are not necessary for pyrosequencing procedures. Useful fhudic systems,
detectors and procedures that can be adapted for application of pyrosequencing to amplicons
produced according to the present disclosure are described, for example, in WIPO Pat. App.
Ser. No. PCT/USI1/S7111, US 2005/0191698 Al, UK. Pat. No. 7,595,883, and U.S. Pat.
No. 7,244,559, sach of which 15 incorporated herein by reference.

{8097} Some embodiments c¢an utilize methods wmvolving the real-time
moumttoring of DNA polymerase activity. For example, nucleotide incorporations can be
detected through fluorescence resonance energy transfer (FRET) interactions between 3
fluorophore-bearing polymerase and y-phosphate-labeled nuclestides, or with zere mode
waveguides (ZMWs). Techniques and reagents for FRET-based sequencing are described,
for example, in Levene et al. Science 299, 682-686 (2003}, Lundquist et al. Opt. Lett. 33,
1026-1028 (2008); Korlach et al Proc. Natl. Acad Sci. USA 105, 1176-1181 (2008}, the
disclosures of which are incorporated herein by reference.

{06098} Some SBS embodiments include detection of a proton released upon
meorporation of a nucleotide into an extension product. For example, sequencing based on

detection of released protons can use an electrical detector and associated techniques that are
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commercially available Examples of such sequencing systems are pyrosequencing (e.g.
commercially available platform from 454 Life Sciences a subsidiary of Roche), sequencing
using y-phosphate-labeled nucleotides (e.g. commercially available platform from Pacific
Biosciences) and sequencing using proton detection {e.g. commercially available platform
from lon Torrent subsidiary of Life Technologies) or sequencing methods and systems
described 1 US 2009/0026082 Al; US 2009/012758% Al; US 2010/0137143 Al; or US
2016/0282617 Al, each of which s incorporated herein by reference. Methods set forth
herein for amplifying target nucleic acids using kinetic exclusion can be readily applied to
substrates used for detecting protons. More specifically, methods set forth herein can be used
to produce cleonal populations of amplicons that are used to detect protons.

{6099 Anocther sequencing techuique 1s nanopore sequencing {(see, for example,
Deamer et al. Trends Biotechnol. 18, 147-1531 (2000); Deamer et al. Acc. Chem. Res.
33:817-825 (2002); Li et al. Nat. Mater. 2:611-615 (2003), the disclosures of which are
incorporated herein by reference). In some nanopore embodiments, the target nucleic acid or
mdividual nucleotides removed from a target nucleic acid pass through a nanopore. As the
nucleic acid or nucleotide passes through the nanopore, each nucleotide type can be
wdentified by measuring fluctuations in the electrical conductance of the pore. (1J.S. Pat. No.
7.001,792; Sonmi et al. Clin. Chem. 33, 1996-2001 (2007); Healy, Nanomed. 2, 459-481
{2007); Cockroft et al. I Am. Chem. Soc. 130, 818-820 (2008}, the disclosures of which are
mcorporated herein by reference}.

{0106} Exemplary methods for array-based expression and genotyping analysis
that can be applied to detection according 1o the present disclosure are deseribed i U8, Pat.
No. 7,582,420, 6,890,741, 6,913,884 or 6,355,431 or US Pat. Pub. Nos. 2065/0053980 Al;
2009/0136349 Al or US 2005/0181440 Al, each of which 13 incorporated heremn by
reference.

{0191} In the methods of wsolating nucleic acids, amphfication, and sequencing as
described herein, various reagents are used for nucleic acid isolation and preparation. Such
reagents may include, for example, lysoryme, proteinase K, random hexamers, polymerase
{for example, ©29 DNA polymerase, Tag polymerase, Bsu polymerase), transposase {for
example, TnS), primers (for example, PS5 and P7 adaptor sequences), higase, catalyzing

enzyme, deoxynucleotide triphosphates, buffers, or divalent cations. These reagents pass
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through the pores of the contiguity particles, whereas the genetic matenal 1s retained within
the contiguity particles. An advantage of the methods set forth herein is that they provide for
a microenvironment for the processing of nucleic acids on a contiguity particle.

{0182} Adaptors can include sequencing primer sites, amplification primer sites,
and indexes. As used herein an “index” can include a sequence of nucleotides that can be
used as a molecular identifier and/or barcode to tag a nucleic acid, and/or to identify the
source of a nucleic acid. In some embodiments, an index can be used to identify a single
nucleic acid, or a subpopulation of nucleic acids. In some embodiments, nucleic acid libraries
can be prepared within a contiguity particle. In some embodiments, a single cell may be
processed to obtain nucleic acids to be associated with a contiguity particle, and then may be
used for combinatorial indexing of the nucleic acids, for example, using a contiguity
preserving transposition sequencing (CPT-seq) approach. In some embodiments, DNA from
a single cell may be barcoded by encapsulation of single cell after WGA amplification with
barcoded transposons

[6103] Embodiments of the “spatial indexing” methods and techniques described
herein shortens data analysis and simplifies the process of library preparation from single
cells and long DNA molecules. Exusting protocols for single cell sequencing requires
efficient physical separation of the cells and uniquely barcoding each solated cell and
pooling everything back together 1o do sequencing. Current protocols for synthetic long reads
also requires cumbersome barcoding steps, and pooling each barcoded fragments together for
sequencing and letting data analysis to distinguish genetic information commg from each
barcoded cell. During these long processes there is also loss of genetic material which causes
dropouts n the sequences. Embodiments described herein not only shorten the process but
also increase data resolution for single cells. Furthermore, embodiments provided herem
simplify the assembly of genomes of new organisms. Embodiments described herein may be
used to reveal rare genetic variations and co-occurrence of mutations. In some embodiments,
DNA library confined in the contiguity particles until release provide the opportunity to
control the size of the fragments that is released on the surface by controlling the release
process and hydrogel formulation.

{01941 In some embodiments, the library may be amplified using primer sites in

the adaptor sequences, and sequenced using sequencing primer sites in the adaptor
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sequences. In some embodiments the adaptor sequences can include indexes to identify the
source of the nucleic acids. The efficiency of subsequent amplification steps can be reduced
by the formation of primer-dimers. To increase the efficiency of subsequent amplification

steps, non-higated single-stranded adaptors can be removed from ligation products.

Preparing Nucleic Acid Libraries with Conticuity Particles

[0195] Some embodiments of the systems, methods and compositions provided
herein include methods in which adapters are ligated to target nucleic acids. Adaptors can
mclude sequencing primer binding sites, amplification prumer binding sites, and indexes. For
example, an adaptor can include a PS sequence, a P7 sequence, or a complement thereof. As
used herein a PS5 sequence comprises a sequence defined by SEQ ID NO: 1
{AATGATACGGCGACCACCGA) and a P7 sequence comprises a sequence defined by
SEQ 1D NGO 2 (CAAGCAGAAGACGGCATACGA). In some embodiments, the P3 or P7
sequence can further include a spacer polvnucleotide, which may be from 1 to 20, such as 1
to 15, or 1 10 10, nucleotides, such as 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides in length. In some
embodiments, the spacer includes 10 nucleotides. In some embodiments, the spacer is a
polyT spacer, such as a 107 spacer. Spacer nucleotides may be included at the 5" ends of
polvnucleotides, which may be attached to a suitable support via a linkage with the 5 end of
the polynucleotide. Attachment can be achieved through a sulphur-contaming nucleophile,
such as phosphorothicate, present at the 5™ end of the polynuciectide. In some embodiments,
the polynucleotide will include a polyT spacer and a §' phosphorothicate group. Thus, n
some embodiments, the P5 sequence 13 5'phosphorothicate-
TITTTTTTTTAATGATACGGCGACCACCGA-3 (SEQ 1D NG 33, and w some
embodiments, the P7 sequence is 5 phosphorothioate-TTTTTTTTTT
CAAGCAGAAGACGGCATACGA-3 (SEQ ID NO: 43,

[0106] Indexes can be useful to identify the source of a nucleic acid molecule. In
some embodiments, an adaptor can be modified to prevent the formation of concatemers, for
example by the addition of blocking groups that prevent extension of the adaptor at one or
both ends. Examples of 3 blocking groups include a 3'-spacer 3, a didesxynucleotide, and
attachment to a substrate. Examples of &' blocking groups include a dephosphorylated 5

nucleotide, and attachment 10 a substrate.
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{8187} Adaptors include nucleic acids, such as single-stranded nucleic acids.
Adaptors can include short nucleic acids having a length less than, greater than, or equal to
about 5 nucleotides, 10 nucleotides, 20 nucleotides, 30 nucleotides, 40 nucleotides, 30
nucleotides, 60 nucleotides, 70 nucleotides, 80 nucleotides, 90 nucleotides, 100 nucleotides,
or a range between any two of the foregoing sizes. In some embodiments, the adaptors are of
sufficient size o pass through the pores of the contiguity particles. Target nucleic acids
melude DNA, such as genomic or cDNA; RNA, such as mRNA, sRNA or rRNA; or a hybrid
of DNA and RNA. The nucleic acid can be isolated from a single cell. A nucletc acid can
contain phosphodiester bonds, and can include other types of backbones, comprising, for
example, phosphoramide, phosphorothicate, phosphoredithioate, O-methylphosphorcamidite
and peptide nucleic acid backbones and linkages. A nucleic acid can contain any combination
of deoxyribo~- and ribonucleotides, and any combination of bases, including uracil, adenine,
thymine, cytosine, guanine, inosine, xanthanine, hypoxanthanine, isocytosine, isoguanine,
and base analogs such as nitropyrrole (including 3-nitropyrrole) and nitroindole {including 3-
nuroindole}. In some embodiments, a nucleic acid can include at least one pronuscuous base,
A promoiscuous base can base-pair with roore than one different type of base and can be
useful, for example, when mcluded i oligonucleotide primers or inserts that are used for
random hybndization m complex nucleic acid samples such as genomic DNA samples. An
example of a promiscuous base includes mosine that ray pair with adenine, thymine, or
cytosine. (ther examples include hypoxanthine, S-nitroindole, acylic S-nitroindole, 4-
nitropyrazole, 4-nitroimidazole and 3-nitropyrrole. Promiscuous bases that can base-pair with
at least two, three, four or more types of bases can be used.

[{0108] Target nucleic acids can inchide a sample 1 which the average size of a
nucleic acid m the sample 13 less than, greater than, or equal to about 2 kb, 1 kb, 500 bp, 400
bp, 200 bp, 100 bp, 50 bp, or a range between any two of the foregomg sizes. In some
embodiments, the average size of a nucleic acid in the sample 15 less than, greater than, or
equal to about 2000 nucleotides, 1000 nuclestides, 500 nucleotides, 400 nucleotides, 200
nucleotides, 100 nucleotides, 50 nucleotides, or a range between any two of the foregoing
sizes. In some embodiments, the nucleic acid 15 of sufficient size that the nucieic acid is
entrapped within the contiginty pariicle such that 1t cannot pass through the pores of the

contiguity particle,
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{0109} An example method includes dephosphorylating the 5 ends of target
nucleic acids to prevent the formation of concatemers in subsequent ligation steps; ligating
first adaptors to the 3' ends of the dephosphorviated targets using a ligase, in which the 3
ends of the first adaptors are blocked; re-phosphorylating of the 5" ends of the ligated targets;
ligating a second adaptor to the 3' ends of the dephosphorviated targets using the single-
stranded ligase, in which the 5' ends of the second adaptors are non-phosphorvlated.

{6116} Another example mcludes partial digestion of the nucleic acid with a 5
exonuclease to form a double-stranded nucleic acid with single-stranded 3’ overhangs. An
adaptor containing a 3' blocking group can be ligated to the 3’ ends of double-stranded
nucleic acid with 3’ overhangs. The double-stranded nucleic acid with 37 overhangs with
ligated adaptors can be dehybridized to form single-stranded nucleic acids. An adaptor
containing a non-phosphorylated 5" end can be higated to the §' end of the single-stranded
nuclete acid.

o111} Methods to dephosphorylate nucleic acids, such as the §' nucleotide of a
nucleic acid mclude contacting a nucleic acid with a phosphatase. Examples of phosphatases
melude calf intestinal phosphatase, shrimp alkaline phosphatase, Antarctic phosphatase, and
APEX alkaline phosphatase (Epwentre).

(8112} Methods to ligate nucleic acids mclude contacting nuclewc acids with a
ligase. Examples of ligases include T4 RNA hgase 1, T4 RNA lhgase 2, RicB ligase,
Methanobacterium RNA ligase, and TS2126 RNA ligase (CIRCLIGASE).

[0113] Methods to phosphorylate nucleic acids, such as the 5™ nucleotide of a
nucleic acid mclude contacting a nucleic acid with a kinase. Examples of kinases include T4
polynucieotide kinase.

[0114] Embodiments provided herein relate o preparing nucleic acids libraries in
a contiguity particle, such that the nucleic acid hbrary 15 prepared 1 a single reaction
volume.

[0115] Embodiments of the systems and methods provided herein include kits,
containing any one or more of the hydroge! polymers, crosslinkers, or microfluidic devices
for preparing contiguity particles, and further including components useful for processing of
the genetic material, including reagents for cell lysis, and nucleic acid amplification and

sequencing, or for nucleic acid library preparation, including lysozyme, proteinase K,
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random hexamers, polymerase {for example, ®29 DNA polvmerase, Taq polymerase, Bsu
polymerase), transposase {for example, Tn3), primers {for example, PS and P7 adaptor
sequences), ligase, catalyzing enzyme, deoxynucleotide triphosphates, buffers, or divalent

cations as described herein, and as used for the respective processing of genetic material.

EXAMPLES

Example 1—Preparation of Conticuity Particles

[0116] The following example demonstrates an embodiment of preparing
contiguity particles associated with transposome using a microfluidic droplet generator.

{6117} Samples contaming cells stored at -80°C were thawed at room
temperature. 100 pk of each sample was transferred to a sterile 1.7 mL tube, and the sample
was washed once with 1 mL 0.85% NaCl. The sample was pelleted and wash solution was
removed. The cell pellet was mixed with a hydrogel solution to resuspend the cells in the
hydrogei solution.

{0118 To generate contiguity particles of a uniform size distribution,
microflindic droplet generators were used, such as the generator illustrated in FIG. 1. The
solution containing a hydrogel polymer and a cell was introduced into a first channel of the
microfluidic droplet generator. Mineral oil, used as a spacer oil, was added to a second
channel, and a crosslinker was added to a third channel Upon contacting the crasslinker in
the third channel, the hydrogel instantaneously formed contiguity particles associated with a
transposome. The type of crosshinking o1l was selected to tune the rapidity of crosshinking,

nciuding a slow crosslinker or an nstantaneous crosshuker, as shown in Table 1

-36-



WO 2022/169972 PCT/US2022/015113

Table 1: Crosshinking Chemistries

Contiguity Crosslinkers Crosstinking | Size Bead
Particle Type Time Homogeneity | Curing
Slow PEG-epoxide + Peg-amine >12 hours Good Complete
Crosshinker PEG-dithiol + PEG-acrylate 4 hours Average Incomplete
Instantaneous | Dithiol Gil + PEG-maleimide | Instantaneous Good Complete
Crosshinker PEG epoxide + amine o1l Tostantaneous Good Complete

Example 2-—Co-Assavs Performed on Contigutty Particles

{0119 The following example demonstrates exemplary assays performed on
contiguity particles from Example 1, including SCl-seq, ATAC-seq, combinatorial indexing,
and single cell whole genome amplification.

{01264 Contiguity particles from Example 1 were obtained and deposited onto a
plate having wells, such that a single contiguity particle was deposited into a single well
Cells were lysed by introducing a lysis buffer, following by wash, thereby extracting nucleic
acids from the cells. The contiguity particles with the lysed cells were then exposed to a
series of assays as described below.

(0121} Indexed transposomes (TSM} were used to tagment genomic DNA,
generating ATAC-seq fragments. After proteinase/SDS treatment, the oligoT with the same
index as TSM was added to each well to mitiate ¢DNA synthesis by reverse transcription
(RT). The PCR adapter on the other end was introduced by randomer extension. This
generated Index 1. Coutiguity particles from each well were pooled together then split into an
ndexed PCR plate to generate Index 2. This 2-tier mndexing can be scaled up to 150,000
{384x384) cells; The final ibrary geverated was a mixture of ATAC-seq and RNA-seq,
which the gDNA and ¢DNA from the same cell was grouped by the same index, and the
ohigoT-UMI pattern served as an mternal marker to distinguish RNA signal from ATAC
signal.

(0122} In addition, random extension was also used for full fength RNA-seq. In
this case the indices of TSM were different from the indices of the randomers. The 1-to-1

maiching between these 2 indices set helped identify the reads from a single cell and

-37-



WO 2022/169972 PCT/US2022/015113

differentiated DNA and RNA signals. UMI was alse applied 1n this method to improve the
accuracy of reads analysis.

(0123} A 3-tiered combinatorial indexing assav was also performed using two
rounds of indexed splint-ligation and one round of indexed PCR. In this method, TSM and
oligoT are universal, both containing a splintl fragment, which enabled the index addition by
splint-ligation. Three-tier indexing achieved up fo 1 million cell throughput {96x96x96).
Another 3-tier combinatorial indexing for ATAC-seq was performed using indexed TSMs to
increase cell throughput Rather than using a universal TSM, TSMs contained a unique index
on its B7G and A7G side. Two different splints were used to attach indexed adapters required
for indexed PCR. The indexing included the following components: B1S adaptor sequence
(GTCTCGTGGGCTCGG, SEQ ID NG: 5), N6, and Linkl, together forming a
B1S_N6_Linkl sequence (GTCTCGTGGGCTCGGNNNNNNGACTTGTC, SEQ 1D NO:
11Y; a Phos Link2 A7G sequence {(TGGTAGAGAGGGTG; SEQ ID NO: 9), and ME
sequence {AGATGTGTATAAGAGACAG; SEQ ID NGO 7, together forming a
Phos Link2 A7G ME sequence
(TAGAGCATNNNNNNTGGTAGAGAGGGTGAGATGTGTATAAGAGACAG, SEQ ID
NG: 12); an Al4 adaptor sequence (TCGTCGGCAGCGTC, SEQ ID NO: 6}, N6, and Linkl,
together forming an Al4 N6 Linkl sequence
{(TCGTCGGCAGCGTONNNNNNGTAATCAC, SEQ ID NO: 13); and g Phos_Link2, B7G
(TACTACTCACCTCCC, SEGQ ib NC: 10}, and ME sequence
(AGATGTGTATAAGAGACAG,  SEQ IB NO 7)), together forming a

Phos Link2 B7G ME sequence
{(CATCATCONNNNNNTACTACTCACCTCCCAGATGTGTATAAGAGACAG, SEQ ID
NG 14) This  example also provides an  ME  complementary  sequence
(TCTACACACATTICTCTGTC, SEQ I NGO By, a  Sphint 1 sequence
(ATGCTCTAGACAAGT, SEQ I NO: 15,
{(GGATGATGGTGATTA; SEQ ID NO: 16} Inthe sequences, Nis A, C, T, or G

~

and a  Sphnt 2 sequence
{0124} Single cell whole genome amphification was also carried out using the

contiguity particles. This was done using Indexed T7 transposition of contiguity particles in

individual wells followed by pooling and extension via T7 1n vitro transcription ({VT) linear
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amplification. The beads were separated again for indexed random extension, pooled and
split again for a final indexed PCR.

{0125} The contignity particles showed efficient tagmentation when they were
targeted by FAM labeled transposomes. The nuclei were stained with Hoechst (DNA stain
with blue emission) while the transposed nuclet were stained fluorescent green with FAM
{fluorescent dye). Lvsing the cells with SDS increased the background fluorescence of
contiguity particles while there was no signal seen from contiguity particles without any
cells. The results demonstrate that an ATAC-seq library may be generated for nucleic acid
molecules associated with contiguity particles with only small portion of leakage of short

fragments from tagmentation.

Example 3—Nucleic Acid Library Preparation in Contiguity Particles

{0126} The following example demonstrates a method for nucleic acid
preparation using contiguity particles.

{0127} Contiguity particles as prepared in Example 1 were obiained The
contiguity particles {CPs) were loaded on a 45 um cell strainer and multiple washes with
PBS or Trs-Cl were performed to remove any non-encapsulated cells. One advantage of
encapsulating a cell in a contiguity particle is an improved ability to handle and process
them. One simple way to do this is through use of spin columns or filter plates. The pore size
of the filter may be smaller than the bead diameter. Examples of filter plates include but not
hruted to Milhipore’s MultiScreen-Mesh Filter Plates with 20, 40, and 60 wm pore size,
Milhipore’s MultiScreen Migration Invasion and Chemotaxis Filter Plate with 8.0 pm pores,
or Pall’s AcroPrep Advance 96-Well Filter Plates for Aqueous Filtration wuh 30-40 pm
pores. With these filter plates, bead encapsulated cells were eastly separated from solution,
allowing multiple buffer exchanges.

[0128] The washed beads were suspended in buffer and removed from the filter,
To estimate the final concentration of beads, efficiency of cell loading, and to ensure that no
non-encapsulated cells remamed, an ahiquot of the beads was visualized under microscope.

{0129} To perform Nextera tagmentation, Millipore’s 20 ym Nylon MultiScreen-
Mesh Filter Plates were used. To limit adhesion of beads to the filter, they were pre-wet with

Pluronic F-127. After centrifugation of the plate for 30s @ 500g, buffer flowed through the



WO 2022/169972 PCT/US2022/015113

filter will maintaining the beads. The beads were washed twice with 200 uL of Tris-(1
buffer, then suspended in lysis buffer (0.1% SDS}. Beads were incubated in lysis buffer for
Imin before removal by centrifugation. To remove residual lysis buffer, two additional 200
ub Tris-Cl washes were performed. Next, cells were suspended in 45 ub of 1x Tagmeniation
buffer by pipetting up and down, then transferred to a strip tube. To 45 pb of beads, 5 uL of
Tagmentation DNA Enzyme (TDE, Hlumina Inc.) was added and mcubation in a thermal
cycler was performed for hr @ RT, 30 mimutes at 55°C. Alternatively, tagmentation could
be performed on the filter plate by suspending bead-encapsulated cells in the tagmentation
master mix and incubating on a heat block After tagmentation, an aliquot of beads was
stained with Hoechst dye and visualized under microscope. Visualization confirmed that
DNA remains in the bead.

[0130] Tagmented beads (25 pl) were PCR amplified using lllumina’s Nextera
PCR MM {NPM, Hlumina) and PCR primers. To the master PCR mix, 0.1% SDS was added
to remove Tn3 bound to DNA Pre-incubation was performed at 75°C to help TnS removal in
presence of SDS. Eleven PCR cycles were performed to generate a final library. Following
PCR, hbraries were purified using 0.9x SPRI, quantified using dsDNA qubit and/or
BioAnalyzer, and sequenced on the MiSeq and/or NextSeq.

(0131} The method described m this example roay be scaled up to perform single
cell sequencing using an approach simiar to sciSEQ (Vitak et al. Nat Meth, 2017,14:302-
308}. For example, use of a 96-well filter plate to perform 96 mdexed-tagmentation reactions
simultaneously may be performed in a scale up process. After beads are added to the plate,
successive buffers are added, then removed, by centrifugation or vacuum. After
tagmentation, beads are collected from the filter and pooled. Pooled beads are redistributed mn
a second 96-well PCR plate for multiplexed PCR. In this dual level mdexing scheme
{Tagmentation and PCR indexing} all DNA fragments from a single bead-encapsulated cell
receive the same barcode that can be deconvohited to reconstruct the cell’s genome.

{0132} The steps outhined in this example are amenable to avtomation on hiquid
handling platforms by addition of a vacuum manifold, such as Millipore’s MultiScreen HTS
Vacuum Manifold or Orochem’s 96-well Plate Vacuum Manifold. These vacuum manifolds
can be added to many bquid handling platforms, including the Biomek FX, the Microlab

Star, the Tecan Genesis, etc. Tagmentation could be automated by transferring the filter plate
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to a thermal block. The plate is then transferred back to the vacuum manifold for post

tagmentation washes.

Example 4—Long Read Indexing

(0133 The following example demonstrates a method chromosome level phasing
using the long read indexing methods and systems provided herem.

{0134 Contiguity particles (also referved to herein as contiguity beads) having
transposomes associated therewith were prepared, and subjected to linked long read methods
described herein, as analyzed on human leukocyte anitigen (HLA) In addition to the
contiguity particles, also prepared were primer beads, each primer bead having an adapter, a
barcode, and a primer. The contignity beads and the primer beads were partitioned together
within droplets {one contiguity bead and one primer bead per droplet) together with a
solution primer mixed that included adapter and primers. On bead tagmentation,
amplification, and indexing was performed with the partitioned droplets in order to index a
bead pool of greater than 900,000 barcodes, each barcode relatively equally represented.

6135} As depicted in FIG. 4, chromosome level phasing was obtained for HLA.
Using this assay, up to 26 Mb chromosome level phasing was achieved, with only 1 in 50 Mb
long switch error, and covering more than 99% of SNPs. The analysis required a single day
of assays {over a period of 5.7 hours), compared to the typical 2 days assay as required for
10X sequencing. Further, as shown in FIG. 3, the number of islands compared to island
length using the long read indexing methods described heremn exhibits high DNA quality on
phasing metrics,

[8136] FIG. 6 depicts results of varnant calling and phasing blocks using the long
read indexing methods described herein (left) compared to 10X sequencing {right). These
results indicate that the methods provided herein result in a mean coverage that exceeds 10X
sequencing and have greater INDEL precision.

(0137} Finally, as shown 1o FYG. 7 and FIGs. 8A aund 3B, the methods of long
read indexing methods described herein performed on a HLA region (FIG. 73, HLA-DPA1
(FIG. 8A), and HLA-A (FIG. 3B). The detailed results of the long indexed read methods as

described herein compared to 10X sequencing 15 provided in Table 2:
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Table 2: Detailed Indexed Read Resulis

Metrie Indexed Read Method 10X
Data Yield (G) 127 (23X) 150 (30X
Percent Unigue Decoded Reads 75 68.1-95.1
Average Insert Size (bp) 175 237-446
Island Coverage 11.8% §.7-14%
N30 Island Length 100k 38k-58k
Phased Het SNPs (%) 991 97.2-997
Block N30 (Mb) 26 2-15
Longest Block (Mb) &6.3 359
Short Switch SNP (%) 0.12 0.13-0.17
Long Switch (%0} 0.002 {.002-0.005
Active Barcodes >900K >200K
DINA per Partition {(Kb) 6000 300

[0138] The embodiments, examples, and figures described herein provide
compositions, methods, and systems for retaining genetic material in physically confined
space during the process from lysis to library generation. Some embodiments provide
libraries orgmated from single long DNA molecule or a single cell to be released on a
surface of a flow cell in confined space. Once the library from a single DNA molecule or
single cell in the individual compartments are released to the surface of the flow cell, the
library from each compartment gets seeded at close proximity to each other.

(61391 The term “comprising” as used herein 18 synonymous with “including,”
“containing,” or “characterized by,” and 15 inclusive or open-ended and does not exclude
additional, unrecited elements or method steps.

{6146} The above description discloses several methods and matenials of the
present wvention. This nvention s susceptible to modifications 1 the methods and
materials, as well as alterations in the fabrication methods and equipment. Such
modifications will become apparent to those skilled in the art from a consideration of this
disclosure or practice of the mvention disclosed heremn. Consequently, it 18 not mtended that
this invention be limited to the specific embodiments disclosed herein, but that it cover all

modifications and alternatives coming within the true scope and spirit of the invention.
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{0141} All references cited herein, including but not himited to published and
unpublished applications, patents, and literature references, are incorporated herein by
reference in their entirety and are hereby made a part of this specification. To the extent
publications and patents or patent applications incorporated by reference contradict the
disclosure contained in the specification, the specification 15 imtended to supersede and/or

take precedence over any such contradictory material,
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WHATIS CLAIMEDIS;

1. A system for macleic acid indexed amphification, comprising:

a plurality of contiguity beads, each contiguity bead associated with a transposome,
and comprising a bead-bound nucleic acid molecule;

an mndexed primer pool comprising:

a phurality of primer beads, each primer bead comprising an adapter, a
barcode, and a primer; and
a solotion primer;

wherein the contiguity beads and primer beads are pariitioned together within
droplets; and

a detector for obtaining sequencing data.

2. The system of claim 1, wherein the contiguity beads and/or the primer beads
are hydrogel beads comprising a hydrogel polymer and a crosslinker.

3. The system of claim 2, wherein the hydrogel polymer comprises polyethylene
glveol  (PEG)}-thiol/PEG-acrylate,  acrylamide/N N -bis{acryloylicystamine (BACy),
PEG/polypropvlene oxide (PPO), polvacrylic acid, poly(hydroxyethyl methacrylate)
(PHEMA), polv{methyl methacrylate) (PMMA), poly(N-isopropvlacrylamide) (PNIPAAm),
poly(lactic acid) (PLA), polv(lactic-co-glycolic acid) (PLGA), polycaprolactone {(PCLY,
poly{vinylsulfonic acid) (PVSA), polv{L-aspartic acid), poly(L-glutamic acid), polylysine,
agar, agarose, algmate, heparin, alginate sulfate, dextran sulfate, hyaluronan, pectin,
carrageenan, gelatin, chitosan, cellulose, or collagen.

4. The system of claim 2, wherein the crosshuoker comprises bisacrylanude,
diacrylate, dusllylamine, trallylamine, divinyl sulfone, diethyvleneglycol daliyl ether,
ethyleneglyeol diacrviate, polymethyleneglyeol diacrviate, polyethyleneglycol diacrylate,
trimethylopropoane trimethacrylate, ethoxylated trimethylol triacrylate, or ethoxylated
pentaerythritol tetracrylate.

5. The system of claim 1, wherein the nuocleic acid 1s 3 DNA molecule of 50,000
base pairs or greater.

6. The system of claim 1, wherein the primer 1s a PS primer.
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7. The system of claim 1, wherein the solution primer comprises adapters and
Primers.
8. The system of claim 1, wherein the solution primer comprises B15 adapters

and P7 primers.

Q. The system of claim 1, wherein the transposome comprises transposase and
{ransposon.
10. A flow cell device for nucleic acid indexed amplification, comprising:

a solid support comprising a plurality of partitioned droplets comprising:
a contiguity bead associated with a transposomes, and comprising a bead-
bound nucleic acid molecule; and
a primer bead comprising an adapter, a barcode, and a primer;
wherein the plurality of partitioned droplets are distributed along a surface of the
solid support.
11 The flow cell device of claim 10, wherein the solid support is functionalized
with a surface polymer.
12 The flow cell device of claim 11, wherein the surface polymer 15 poly{N-(5-
azidoacetamidylpentyl) acrylamide-co-acrylamide) (PAZAM) or silane free acrvlamide

(SFA).

i3 The flow cell device of claim 10, wherein the flow cell comprises a patterned
surface.

14, The flow cell device of claim 13, wherein the patterned surface comprises
wells.

s, The flow cell device of Claim 14, wherein the wells are from about 10 ym to

about 50 ym i diameter, such as 10 ym, 15 gm, 20 um, 25 pm, 30 pm, 35 pm, 40 um, 45
um, or 5¢ pm in diameter, or within a range defined by any two of the aforementioned
values, and wherein the wells are about 0.5 um to about 1 pm in depth, such as 0.5 um, 0.6
wm, 0.7 um, 0.8 um, 0.9 um, or 1 um in depth, or within a range defined by any two of the
aforementioned values.

16. The flow cell device of claim 14, wherein the wells are comprised of

hydrophobic material.
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17 The flow cell device of claim 15, wherein the hydrophobic material comprises
an amorphous fluoropolymer, such as CYTOP, Fluoropel®, or Teflon®.

18 The flow celi device of claim 10, wherein the nucleic acid 1s a DNA molecule
of 50,000 base pairs or greater.

19. The flow cell device of claim 10, wherein the transposome comprises
transposase and transposon.

20. A method of nucleic acid indexing comprising:

generating a plurality of contiguity beads for on bead tagmentation, each bead linked
to a transposome, and comprising a bead-bound nucleic acid molecule

performing a tagmentation reaction on the nucleic acid molecule;

generating a plurality of primer beads, each primer bead comprising an adapter, a
harcode, and a primer;

partitioning the contiguity beads and the primer beads together within droplets with a
solution primer;

amplifying nucleic acid molecule within the partitioned droplets; and

mdexing the nucleic acid molecule in each droplet.

21 The method of claim 20, wherein the nucleic acid is a DNA molscule of
50,000 base pairs or greater.

22, The method of claim 20, further comprising performing nucleic acid
amplification on nucleie acid molecule prior to performing the tagmentation reaction.

23. The method of claim 22, wheremm the amplfication reaction comprises
mudtiple displacement amphification (MDA).

24, The method of claim 20, wherein the tagmentation reaction comprises
contacting the nucleic acid with a transposase mixture comprising adapter sequences and
franaposonies.

25. The method of claim 20, wherein the mdexing 15 performed by polymerase
chain reaction {(PCR).

26. The method of claim 20, wherein the droplets are partitioned into more than
900,000 different indexed PCR compartments.

27. The method of claim 20, further comprising partitioning the droplets on a

solid support.
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28 The method of claim 27, wherein the solid support is a flow cell device.
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