DE NOVO SYNTHESIZED GENE LIBRARIES

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 61/862445, filed
August 5, 2013 and U.S. Provisional Application No. 61/862457, filed August 5, 2013, which

applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] Highly efficient chemical gene synthesis with high fidelity and low cost has a central role
in biotechnology and medicine, and in basic biomedical research.
[0003] De novo gene synthesis is a powerful tool for basic biological research and biotechnology
applications. While various methods are known for the synthesis of relatively short fragments in a
small scale, these techniques suffer from scalability, automation, speed, accuracy, and cost. There is
a need for devices for simple, reproducible, scalable, less error-prone and cost-effective methods that

guarantee successful synthesis of desired genes and are amenable to automation.

SUMMARY OF THE DISCLOSUREINVENTION

[0004] As noted above, there exists a pressing need for methods, devices and systems that can
quickly synthesize large gene libraries or relatively longer oligonucleotide fragments efficiently with
less error. Similarly, there is also a need for methods that can partition and mix liquid reagents in a
microfluidic scale for large numbers of individually addressable reactions in parallel. The present
disclosure #nvention-addresses these needs and provides related advantages as well.

[0005] In one aspect, the present disclosure #ventien-provides a gene library as described
herein. The gene library comprises a collection of genes. In some embodiments, the collection
comprises at least 100 different preselected synthetic genes that can be of at least 0.5 kb length with

an error rate of less than 1 in 3000 bp compared to predetermined sequences comprising the genes.

collection of genes. The collection may comprise at least 100 different preselected synthetic genes
that can be each of at least 0.5 kb length. At least 90% of the preselected synthetic genes may
comprise an error rate of less than 1 in 3000 bp compared to predetermined sequences comprising the
genes. Desired predetermined sequences may be supplied by any method, typically by a user, e.g. a
user entering data using a computerized system. In various embodiments, synthesized nucleic acids

are compared against these predetermined sequences, in some cases by sequencing at least a



portion of the synthesized nucleic acids, e.g. using next-generation sequencing methods. In some
embodiments related to any of the gene libraries described herein, at least 90% of the preselected
synthetic genes comprise an error rate of less than 1 in 5000 bp compared to predetermined
sequences comprising the genes. In some embodiments, at least 0.05% of the preselected synthetic
genes are error free. In some embodiments, at least 0.5% of the preselected synthetic genes are error
free. In some embodiments, at least 90% of the preselected synthetic genes comprise an error rate of
less than 1 in 3000 bp compared to predetermined sequences comprising the genes. In some
embodiments, at least 90% of the preselected synthetic genes are error free or substantially error free.
In some embodiments, the preselected synthetic genes comprise a deletion rate of less than 1 in 3000
bp compared to predetermined sequences comprising the genes. In some embodiments, the
preselected synthetic genes comprise an insertion rate of less than 1 in 3000 bp compared to
predetermined sequences comprising the genes. In some embodiments, the preselected synthetic
genes comprise a substitution rate of less than 1 in 3000 bp compared to predetermined sequences
comprising the genes. In some embodiments, the gene library as described herein further comprises
at least 10 copies of each synthetic gene. In some embodiments, the gene library as described herein
further comprises at least 100 copies of each synthetic gene. In some embodiments, the gene library
as described herein further comprises at least 1000 copies of each synthetic gene. In some
embodiments, the gene library as described herein further comprises at least 1000000 copies of each
synthetic gene. In some embodiments, the collection of genes as described herein comprises at least
500 genes. In some embodiments, the collection comprises at least 5000 genes. In some
embodiments, the collection comprises at least 10000 genes. In some embodiments, the preselected
synthetic genes are at least 1kb. In some embodiments, the preselected synthetic genes are at least
2kb. In some embodiments, the preselected synthetic genes are at least 3kb. In some embodiments,
the predetermined sequences comprise less than 20 bp in addition compared to the preselected
synthetic genes. In some embodiments, the predetermined sequences comprise less than 15 bp in
addition compared to the preselected synthetic genes. In some embodiments, at least one of the
synthetic genes differs from any other synthetic gene by at least 0.1%. In some embodiments, each
of the synthetic genes differs from any other synthetic gene by at least 0.1%. In some embodiments,
at least one of the synthetic genes differs from any other synthetic gene by at least 10%. In some
embodiments, each of the synthetic genes differs from any other synthetic gene by at least 10%. In
some embodiments, at least one of the synthetic genes differs from any other synthetic gene by at

least 2 base pairs. In some embodiments, each of the



synthetic genes differs from any other synthetic gene by at least 2 base pairs. In some embodiments,
the gene library as described herein further comprises synthetic genes that are of less than 2kb with
an error rate of less than 1 in 20000 bp compared to preselected sequences of the genes. In some
embodiments, a subset of the deliverable genes is covalently linked together. In some embodiments,
a first subset of the collection of genes encodes for components of a first metabolic pathway with one
or more metabolic end products. In some embodiments, the gene library as described herein further
comprises selecting of the one or more metabolic end products, thereby constructing the collection of
genes. In some embodiments, the one or more metabolic end products comprise a biofuel. In some
embodiments, a second subset of the collection of genes encodes for components of a second
metabolic pathway with one or more metabolic end products. In some embodiments, the gene library
is in a space that is less than 100 m®. In some embodiments, the gene library is in a space that is less
than 1 m®. In some embodiments, the gene library is in a space that is less than 1 m®.

[0006] In another aspect, the present disclosure #ventien-also provides a method of constructing
a gene library. The method comprises the steps of: entering before a first timepoint, in a computer
readable non-transient medium at least a first list of genes and a second list of genes, wherein the
genes are at least 500 bp and when compiled into a joint list, the joint list comprises at least 100
genes; synthesizing more than 90% of the genes in the joint list before a second timepoint, thereby
constructing a gene library with deliverable genes. In some embodiments, the second timepoint is
less than a month apart from the first timepoint.

[0007] In practicing any of the methods of constructing a gene library as provided herein, the
method as described herein further comprises delivering at least one gene at a second timepoint. In
some embodiments, at least one of the genes differs from any other gene by at least 0.1% in the gene
library. In some embodiments, each of the genes differs from any other gene by at least 0.1% in the
gene library. In some embodiments, at least one of the genes differs from any other gene by at least
10% in the gene library. In some embodiments, each of the genes differs from any other gene by at
least 10% in the gene library. In some embodiments, at least one of the genes differs from any other
gene by at least 2 base pairs in the gene library. In some embodiments, each of the genes differs
from any other gene by at least 2 base pairs in the gene library. In some embodiments, at least 90%
of the deliverable genes are error free. In some embodiments, the deliverable genes comprises an
error rate of less than 1/3000 resulting in the generation of a sequence that deviates from the
sequence of a gene in the joint list of genes. In some embodiments, at least 90% of the deliverable

genes comprise an error rate of less than 1 in



3000 bp resulting in the generation of a sequence that deviates from the sequence of a gene in the
joint list of genes. In some embodiments, genes in a subset of the deliverable genes are covalently
linked together. In some embodiments, a first subset of the joint list of genes encode for components
of a first metabolic pathway with one or more metabolic end products. In some embodiments, any of
the methods of constructing a gene library as described herein further comprises selecting of the one
or more metabolic end products, thereby constructing the first, the second or the joint list of genes.
In some embodiments, the one or more metabolic end products comprise a biofuel. In some
embodiments, a second subset of the joint list of genes encode for components of a second metabolic
pathway with one or more metabolic end products. In some embodiments, the joint list of genes
comprises at least 500 genes. In some embodiments, the joint list of genes comprises at least 5000
genes. In some embodiments, the joint list of genes comprises at least 10000 genes. In some
embodiments, the genes can be at least 1kb. In some embodiments, the genes are at least 2kb. In
some embodiments, the genes are at least 3kb. In some embodiments, the second timepoint is less
than 25 days apart from the first timepoint. In some embodiments, the second timepoint is less than
5 days apart from the first timepoint. In some embodiments, the second timepoint is less than 2 days
apart from the first timepoint. It is noted that any of the embodiments described herein can be
combined with any of the methods, devices or systems provided in the current disclosureinvention.
[0008] In another aspect, a method of constructing a gene library is provided herein. The
method comprises the steps of: entering at a first timepoint, in a computer readable non-transient
medium a list of genes; synthesizing more than 90% of the list of genes, thereby constructing a gene
library with deliverable genes; and delivering the deliverable genes at a second timepoint. In some
embodiments, the list comprises at least 100 genes and the genes can be at least 500 bp. In still yet
some embodiments, the second timepoint is less than a month apart from the first timepoint.

[0009] In practicing any of the methods of constructing a gene library as provided herein, in
some embodiments, the method as described herein further comprises delivering at least one gene at
a second timepoint. In some embodiments, at least one of the genes differs from any other gene by at
least 0.1% in the gene library. In some embodiments, each of the genes differs from any other gene
by at least 0.1% in the gene library. In some embodiments, at least one of the genes differs from any
other gene by at least 10% in the gene library. In some embodiments, each of the genes differs from
any other gene by at least 10% in the gene library. In some embodiments, at least one of the genes

differs from any other gene by at least 2 base pairs in the
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gene library. In some embodiments, each of the genes differs from any other gene by at least 2 base
pairs in the gene library. In some embodiments, at least 90% of the deliverable genes are error free.
In some embodiments, the deliverable genes comprises an error rate of less than 1/3000 resulting in
the generation of a sequence that deviates from the sequence of a gene in the list of genes. In some
embodiments, at least 90% of the deliverable genes comprise an error rate of less than 1 in 3000 bp
resulting in the generation of a sequence that deviates from the sequence of a gene in the list of
genes. In some embodiments, genes in a subset of the deliverable genes are covalently linked
together. In some embodiments, a first subset of the list of genes encode for components of a first
metabolic pathway with one or more metabolic end products. In some embodiments, the method of
constructing a gene library further comprises selecting of the one or more metabolic end products,
thereby constructing the list of genes. In some embodiments, the one or more metabolic end
products comprise a biofuel. In some embodiments, a second subset of the list of genes encode for
components of a second metabolic pathway with one or more metabolic end products. It is noted that
any of the embodiments described herein can be combined with any of the methods, devices or
systems provided in the current disclosureinvesntion.

[0010] In practicing any of the methods of constructing a gene library as provided herein, in
some embodiments, the list of genes comprises at least 500 genes. In some embodiments, the list
comprises at least 5000 genes. In some embodiments, the list comprises at least 10000 genes. In
some embodiments, the genes are at least 1kb. In some embodiments, the genes are at least 2kb. In
some embodiments, the genes are at least 3kb. In some embodiments, the second timepoint as
described in the methods of constructing a gene library is less than 25 days apart from the first
timepoint. In some embodiments, the second timepoint is less than 5 days apart from the first
timepoint. In some embodiments, the second timepoint is less than 2 days apart from the first
timepoint. It is noted that any of the embodiments described herein can be combined with any of the
methods, devices or systems provided in the current disclosuresrvention.

[0011] In another aspect, the present disclosure inventien-also provides a method of synthesizing
n-mer oligonucleotides on a substrate. The method comprises a) providing a substrate with resolved
loci that are functionalized with a chemical moiety suitable for nucleotide coupling; and b) coupling
at least two building blocks to a plurality of growing oligonucleotide chains each residing on one of
the resolved loci at a rate of at least 12 nucleotides per hour according to a locus specific

predetermined sequence, thereby synthesizing a plurality of oligonucleotides that



are n basepairs long. Various embodiments related to the method of synthesizing n-mer
oligonucleotides on a substrate are described herein.

[0012] In any of the methods of synthesizing n-mer oligonucleotides on a substrate as provided
herein, in some embodiments, the methods further comprise coupling at least two building blocks to
a plurality of growing oligonucleotide chains each residing on one of the resolved loci at a rate of at
least 15 nucleotides per hour. In some embodiments, the method further comprises coupling at least
two building blocks to a plurality of growing oligonucleotide chains each residing on one of the
resolved loci at a rate of at least 20 nucleotides per hour. In some embodiments, the method further
comprises coupling at least two building blocks to a plurality of growing oligonucleotide chains each
residing on one of the resolved loci at a rate of at least 25 nucleotides per hour. In some
embodiments, at least one resolved locus comprises n-mer oligonucleotides deviating from the locus
specific predetermined sequence with an error rate of less than 1/500 bp. In some embodiments, at
least one resolved locus comprises n-mer oligonucleotides deviating from the locus specific
predetermined sequence with an error rate of less than 1/1000 bp. In some embodiments, at least one
resolved locus comprises n-mer oligonucleotides deviating from the locus specific predetermined
sequence with an error rate of less than 1/2000 bp. In some embodiments, the plurality of
oligonucleotides on the substrate deviate from respective locus specific predetermined sequences at
an error rate of less than 1/500 bp. In some embodiments, the plurality of oligonucleotides on the
substrate deviate from respective locus specific predetermined sequences at an error rate of less than
1/1000 bp. In some embodiments, the plurality of oligonucleotides on the substrate deviate from
respective locus specific predetermined sequences at an error rate of less than 1/2000 bp.

[0013] In practicing any of the methods of synthesizing n-mer oligonucleotides on a substrate as
provided herein, in some embodiments, the building blocks comprise an adenine, guanine, thymine,
cytosine, or uridine group, or a modified nucleotide. In some embodiments, the building blocks
comprise a modified nucleotide. In some embodiments, the building blocks comprise dinucleotides
or trinucleotides. In some embodiments, the building blocks comprise phosphoramidite. In some
embodiments, n of the n-mer oligonucleotides is at least 100. In some embodiments, n is at least
200. In some embodiments, n is at least 300. In some embodiments, n is at least 400. In some
embodiments, the surface comprises at least 100,000 resolved loci and at least two of the plurality of

growing oligonucleotides can be different from each other.



[0014] In some embodiments, the method of synthesizing n-mer oligonucleotides on a substrate
as described herein further comprises vacuum drying the substrate before coupling. In some
embodiments, the building blocks comprise a blocking group. In some embodiments, the blocking
group comprises an acid-labile DMT. In some embodiments, the acid-labile DMT comprises 4,4'-
dimethoxytrityl. In some embodiments, the method of synthesizing n-mer oligonucleotides on a
substrate as described herein further comprises oxidation or sulfurization. In some embodiments, the
method of synthesizing n-mer oligonucleotides on a substrate as described herein further comprises
chemically capping uncoupled oligonucleotide chains. In some embodiments, the method of
synthesizing n-mer oligonucleotides on a substrate as described herein further comprises removing
the blocking group, thereby deblocking the growing oligonucleotide chain. In some embodiments,
the position of the substrate during the coupling step is within 10 cm of the position of the substrate
during the vacuum drying step. In some embodiments, the position of the substrate during the
coupling step is within 10 cm of the position of the substrate during the oxidation step. In some
embodiments, the position of the substrate during the coupling step is within 10 cm of the position of
the substrate during the capping step. In some embodiments, the position of the substrate during the
coupling step is within 10 cm of the position of the substrate during the deblocking step. In some
embodiments, the substrate comprises at least 10,000 vias providing fluid communication between a
first surface of the substrate and a second surface of the substrate. In some embodiments, the
substrate comprises at least 100,000 vias providing fluid communication between a first surface of
the substrate and a second surface of the substrate. In some embodiments, the substrate comprises at
least 1,000,000 vias providing fluid communication between a first surface of the substrate and a
second surface of the substrate. It is noted that any of the embodiments described herein can be
combined with any of the methods, devices or systems provided in the current disclosuretsvention,
[0015] In another aspect of the present disclosuretnvention, a system for conducting a set of
parallel reactions is provided herein. The system comprises: a first surface with a plurality of
resolved loci; a capping element with a plurality of resolved reactor caps. In some embodiments, the
system aligns the plurality of resolved reactor caps with the plurality of resolved loci on the first
surface forming a temporary seal between the first surface and the capping element, thereby
physically dividing the loci on the first surface into groups of at least two loci into a reactor

associated with each reactor cap. In some embodiments, each reactor holds a first set of reagents.



[0016] In some embodiments related to any of the systems for conducting a set of parallel
reactions as described herein, upon release from the first surface, the reactor caps retain at least a
portion of the first set of reagents. In some embodiments, the portion is about 30%. In some
embodiments, the portion is about 90%. In some embodiments, the plurality of resolved loci resides
on microstructures fabricated into a support surface. In some embodiments, the plurality of resolved
loci is at a density of at least 1 per mm?. In some embodiments, the plurality of resolved loci is at a
density of at least 10 per mm®. In some embodiments, the plurality of resolved loci are at a density
of at least 100 per mm*. In some embodiments, the microstructures comprise at least two channels in
fluidic communication with each other. In some embodiments, the at least two channels comprise
two channels with different width. In some embodiments, at least two channels comprise two
channels with different length. In some embodiments, at least one of the channels is longer than 100
pm. In some embodiments, at least one of the channels is shorter than 1000 pm. In some
embodiments, at least one of the channels is wider than 50 um in diameter. In some embodiments, at
least one of the channels is narrower than 100 pm in diameter. In some embodiments, the system
further comprises a second surface with a plurality of resolved loci at a density of at least 0.1 per
mm?. In some embodiments, the system further comprises a second surface with a plurality of
resolved loci at a density of at least 1 per mm?. In some embodiments, the system further comprises
a second surface with a plurality of resolved loci at a density of at least 10 per mm®.

[0017] In some embodiments related to any of the systems for conducting a set of parallel
reactions as described herein, the resolved loci of the first surface comprise a coating of reagents. In
some embodiments, the resolved loci of the second surface comprise a coating of reagents. In some
embodiments, the coating of reagents is covalently linked to the first or second surface. In some
embodiments, the coating of reagents comprises oligonucleotides. In some embodiments, the coating
of reagents has a surface area of at least 1.45 um? per 1.0 um?’ of planar surface area. In some
embodiments, the coating of reagents has a surface area of at least 1.25 um? per 1.0 nm? of planar
surface area. In some embodiments, the coating of reagents has a surface area of at least 1 um’ per
1.0 um? of planar surface area. In some embodiments, the resolved loci in the plurality of resolved
loci comprise a nominal arclength of the perimeter at a density of at least 0.001 pm/ um’. In some
embodiments, the resolved loci in the plurality of resolved loci comprise a nominal arclength of the
perimeter at a density of at least 0.01 pm/ um’. In some embodiments, the resolved loci in the
plurality of resolved loci of the first surface comprise a high energy surface. In some embodiments,

the first and second surfaces comprise a different



surface tension with a given liquid. In some embodiments, the high surface energy corresponds to a
water contact angle of less than 20 degree. In some embodiments, the plurality of resolved loci are
located on a solid substrate comprising a material selected from the group consisting of silicon,
polystyrene, agarose, dextran, cellulosic polymers, polyacrylamides, PDMS, and glass. In some
embodiments, the capping elements comprise a material selected from the group consisting of
silicon, polystyrene, agarose, dextran, cellulosic polymers, polyacrylamides, PDMS, and glass. It is
noted that any of the embodiments described herein can be combined with any of the methods,
devices or systems provided in the current disclosurcinvention.

[0018] In yet another aspect, the present disclosure invention-also provides an array of
enclosures. The array of enclosures comprise: a plurality of resolved reactors comprising a first
substrate and a second substrate comprising reactor caps; at least 2 resolved loci in each reactor. In
some cases, the resolved reactors are separated with a releasable seal. In some cases, the reactor caps
retain at least a part of the contents of the reactors upon release of the second substrate from the first
substrate. In some embodiments, the reactor caps on the second substrate have a density of at least
0.1 per mm®. In some embodiments, reactor caps on the second substrate have a density of at least 1
per mm®. In some embodiments, reactor caps on the second substrate have a density of at least 10
per mm?,

[0019] In some embodiments related to the array of enclosures as provided herein, the reactor
caps retain at least 30% of the contents of the reactors. In some embodiments, the reactor caps retain
at least 90% of the contents of the reactors. In some embodiments, the resolved loci are at a density
of at least 2/mm?. In some embodiments, the resolved loci are at a density of at least 100/mm?. In
some embodiments, the array of enclosures further comprises at least 5 resolved loci in each reactor.
In some embodiments, the array of enclosures as described herein further comprises at least 20
resolved loci in each reactor. In some embodiments, the array of enclosures as described herein
further comprises at least 50 resolved loci in each reactor. In some embodiments, the array of
enclosures as described herein further comprises at least 100 resolved loci in each reactor.

[06020] In some embodiments related to the array of enclosures as described herein, the resolved
loci reside on microstructures fabricated into a support surface. In some embodiments, the
microstructures comprise at least two channels in fluidic communication with each other. In some
embodiments, the at least two channels comprise two channels with different width. In some
embodiments, the at least two channels comprise two channels with different length. In some

embodiments, at least one of the channels is longer than 100 um. In some embodiments, at



least one of the channels is shorter than 1000 pm. In some embodiments, at least one of the channels
is wider than 50 pm in diameter. In some embodiments, at least one of the channels is narrower than
100 um in diameter. In some embodiments, the microstructures comprise a nominal arclength of the
perimeter of the at least two channels that has a density of at least 0.01 ym / square um. In some
embodiments, the microstructures comprise a nominal arclength of the perimeter of the at least two
channels that has a density of at least 0.001 pum / square um. In some embodiments, the resolved
reactors are separated with a releasable seal. In some embodiments, the seal comprises a capillary
burst valve.

[0021] In some embodiments related to the array of enclosures as described herein, the plurality
of resolved loci of the first substrate comprise a coating of reagents. In some embodiments, the
plurality of resolved loci of the second substrate comprises a coating of reagents. In some
embodiments, the coating of reagents is covalently linked to the first or second surface. In some
embodiments, the coating of reagents comprises oligonucleotides. In some embodiments, the coating
of reagents has a surface area of at least 1 um?’ per 1.0 um2 of planar surface area. In some
embodiments, the coating of reagents has a surface area of at least 1.25 pm? per 1.0 pm? of planar
surface area. In some embodiments, the coating of reagents has a surface area of at least 1.45 pm?
per 1.0 um? of planar surface area. In some embodiments, the plurality of resolved loci of the first
substrate comprises a high energy surface. In some embodiments, the first and second substrates
comprise a different surface tension with a given liquid. In some embodiments, the surface energy
corresponds to a water contact angle of less than 20 degree. In some embodiments, the plurality of
resolved loci or the reactor caps are located on a solid substrate comprising a material selected from
the group consisting of silicon, polystyrene, agarose, dextran, cellulosic polymers, polyacrylamides,
PDMS, and glass. It is noted that any of the embodiments described herein can be combined with
any of the methods, devices, arrays or systems provided in the current disclosurcinvention.

[0022] In still yet another aspect, the present disclosure inventien-also provides a method of
conducting a set of parallel reactions. The method comprises: (a) providing a first surface with a
plurality of resolved loci; (b) providing a capping element with a plurality of resolved reactor caps;
(c) aligning the plurality of resolved reactor caps with the plurality of resolved loci on the first
surface and forming a temporary seal between the first surface and the capping element, thereby
physically dividing the loci on the first surface into groups of at least two loci; (d) performing a first
reaction, thereby forming a first set of reagents; and (e) releasing the capping element from the first

surface, wherein each reactor cap retains at least a portion of the first set of reagents in a
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first reaction volume. In some embodiments, the portion is about 30%. In some embodiments, the
portion is about 90%.

[0023] In some embodiments, the method of conducting a set of parallel reactions as described
herein further comprises the steps of: (f) providing a second surface with a plurality of resolved loci;
(g) aligning the plurality of resolved reactor caps with the plurality of resolved loci on the second
surface and forming a temporary seal between the second surface and the capping element, thereby
physically dividing the loci on the second surface; (h) performing a second reaction using the portion
of the first set of reagents, thereby forming a second set of reagents; and (i) releasing the capping
element from the second surface, wherein each reactor cap can retain at least a portion of the second
set of reagents in a second reaction volume. In some embodiments, the portion is about 30%. In
some embodiments, the portion is about 90%.

[0024] In practicing any of the methods of conducting a set of paraliel reactions as described
herein, the plurality of resolved loci can have a density of at least 1 per mm? on the first surface. In
some embodiments, the plurality of resolved loci have a density of at least 10 per mm? on the first
surface. In some embodiments, the plurality of resolved loci have a density of at least 100 per mm?
on the first surface. In some embodiments, the plurality of resolved reactor caps have a density of at
least 0.1 per mm” on the capping element. In some embodiments, the plurality of resolved reactor
caps have a density of at least 1 per mm” on the capping element. In some embodiments, the
plurality of resolved reactor caps have a density of at least 10 per mm? on the capping element. In
some embodiments, the plurality of resolved loci have a density of more than 0.1 per mm? on the
second surface. In some embodiments, the plurality of resolved loci have a density of more than 1
per mm?on the second surface. In some embodiments, the plurality of resolved loci have a density of
more than 10 per mm” on the second surface.

[0025] In practicing any of the methods of conducting a set of parallel reactions as described
herein, the releasing of the capping elements from the surface steps such as the releasing steps in (e)
and (i) as described herein can be performed at a different velocity. In some embodiments, the
resolved loci of the first surface comprise a coating of reagents for the first reaction. In some
embodiments, the resolved loci of the second surface comprise a coating of reagents for the second
reaction. In some embodiments, the coating of reagents is covalently linked to the first or second
surface. In some embodiments, the coating of reagents comprises oligonucleotides. In some
embodiments, the coating of reagents has a surface area of at least 1 um? per 1.0 um? of planar
surface area. In some embodiments, the coating of reagents has a surface area of at least 1.25 um?

er 1.0 um® of planar surface area. In some embodiments, the coating of reagents has a
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surface area of at least 1.45 um? per 1.0 um® of planar surface area. In some embodiments, the
oligonucleotides are at least 25 bp. In some embodiments, the oligonucleotides are at least 200 bp.
In some embodiments, the oligonucleotides are at least 300 bp. In some embodiments, the resolved
loci of the first surface comprise a high energy surface. In some embodiments, the first and second
surfaces comprise a different surface tension with a given liquid. In some embodiments, the surface
energy corresponds to a water contact angle of less than 20 degree.

[0026] In some embodiments related to the method of conducting a set of parallel reactions as
described herein, the plurality of resolved loci or the resolved reactor caps are located on a solid
substrate comprising a material selected from the group consisting of silicon, polystyrene, agarose,
dextran, cellulosic polymers, polyacrylamides, PDMS, and glass. In some embodiments, the first
and second reaction volumes are different. In some embodiments, the first or second reaction
comprises polymerase cycling assembly. In some embodiments, the first or second reaction
comprises enzymatic gene synthesis, annealing and ligation reaction, simultaneous synthesis of two
genes via a hybrid gene, shotgun ligation and co-ligation, insertion gene synthesis, gene synthesis via
one strand of DNA, template-directed ligation, ligase chain reaction, microarray-mediated gene
synthesis, solid-phase assembly, Sloning building block technology, or RNA ligation mediated gene
synthesis. In some embodiments, the methods of conducting a set of parallel reactions as described
herein further comprises cooling the capping element. In some embodiments, the method of
conducting a set of parallel reactions as described herein further comprises cooling the first surface.
In some embodiments, the method of conducting a set of parallel reactions as described herein
further comprises cooling the second surface. It is noted that any of the embodiments described
herein can be combined with any of the methods, devices, arrays or systems provided in the current
disclosureinvention.

[0027] In another aspect, the present disclosure isventien-provides a substrate having a
functionalized surface. The substrate having a functionalized surface can comprise a solid support
having a plurality of resolved loci. In some embodiments, the resolved loci are functionalized with a
moiety that increases the surface energy of the solid support. In some embodiments, the resolved
loci are localized on microchannels.

[0028] In some embodiments related to the substrate having a functionalized surface as
described herein, the moiety is a chemically inert moiety. In some embodiments, the microchannels
comprise a volume of less than 1 nl. In some embodiments, the microchannels comprise a density of
the nominal arclength of the perimeter of 0.036 pm / square pm. In some embodiments, the

functionalized surface comprises a nominal surface area of at least 1 um? per
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1.0 um? of planar surface area of the substrate. In some embodiments, the functionalized surface
comprises a nominal surface area of at least 1.25 um? per 1.0 um?® of planar surface area of the
substrate. In some embodiments, the functionalized surface comprises a nominal surface area of at
least 1.45 pm? per 1.0 um? of planar surface area of the substrate. In some embodiments, the
resolved loci in the plurality of resolved loci comprise a coating of reagents. In some embodiments,
the coating of reagents is covalently linked to the substrate. In some embodiments, the coating of
reagents comprises oligonucleotides. In some embodiments, at least one of the microchannels is
longer than 100 um. In some embodiments, at least one of the microchannels is shorter than 1000
pm. In some embodiments, at least one of the microchannels is wider than 50 um in diameter. In
some embodiments, at least one of the microchannels is narrower than 100 pm in diameter. In some
embodiments, the surface energy corresponds to a water contact angle of less than 20 degree. In
some embodiments, the solid support comprises a material selected from the group consisting of
silicon, polystyrene, agarose, dextran, cellulosic polymers, polyacrylamides, PDMS, and glass. In
some embodiments, the plurality of resolved loci is at a density of at least I/mm*. In some
embodiments, the plurality of resolved loci is at a density of at least 100/mm?. It is noted that any of
the embodiments described herein can be combined with any of the methods, devices, arrays,

[0029] In another aspect, the present disclosure #vention-also provides a method for
synthesizing oligonucleotides on a substrate having a functionalized surface. The method comprises:
(a) applying through at least one inkjet pump at least one drop of a first reagent to a first locus of a
plurality of loci; (b) applying negative pressure to the substrate; and (c) applying through at least one
inkjet pump at least one drop of a second reagent to the first locus.

[0030] In practicing any of the methods for synthesizing oligonucleotides on a substrate having a
functionalized surface as described herein, the first and second reagents can be different. In some
embodiments, the first locus is functionalized with a moiety that increases their surface energy. In
some embodiments, the moiety is a chemically inert moiety. In some embodiments, the plurality of
loci resides on microstructures fabricated into the substrate surface. In some embodiments, the
microstructures comprise at least two channels in fluidic communication with each other. In some
embodiments, the at least two channels comprise two channels with different width. In some
embodiments, the at least two channels comprise two channels with different length. In some
embodiments, at least one of the channels is longer than 100 pm. In some embodiments, at least one

of the channels is shorter than 1000 um. In some
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embodiments, at least one of the channels is wider than 50 pm in diameter. In some embodiments, at
least one of the channels is narrower than 100 um in diameter. In some embodiments, the substrate
surface comprises a material selected from the group consisting of silicon, polystyrene, agarose,
dextran, cellulosic polymers, polyacrylamides, PDMS, and glass.

[0031] In some embodiments related to the methods for synthesizing oligonucleotides on a
substrate having a functionalized surface as described herein, the volume of the drop of the first
and/or the second reagents is at least 2 pl. In some embodiments, the volume of the drop is about 40
pl. In some embodiments, the volume of the drop is at most 100 pl. In some embodiments, the
microchannels comprise a density of the nominal arclength of the perimeter of at least 0.01 um/ um?,
In some embodiments, the microchannels comprise a density of the nominal arclength of the
perimeter of at least 0.001 pm/ pm®. In some embodiments, the functionalized surface comprises a
nominal surface area of at least 1 um’ per 1.0 um? of planar surface area of the substrate. In some
embodiments, the functionalized surface comprises a nominal surface area of at least 1.25 um? per
1.0 um? of planar surface area of the substrate. In some embodiments, the functionalized surface
comprises a nominal surface area of at least 1.45 pm? per 1.0 um? of planar surface area of the
substrate. In some embodiments, the pressure surrounding the substrate is reduced to less than 1
mTorr. It is noted that any of the embodiments described herein can be combined with any of the
methods, devices, arrays, substrates or systems provided in the current disclosureinvention.

[0032] In some embodiments, the method for synthesizing oligonucleotides on a substrate
having a functionalized surface as described herein further comprises coupling at least a first building
block originating from the first drop to a growing oligonucleotide chain on the first locus. In some
embodiments, the building blocks comprise a blocking group. In some embodiments, the blocking
group comprises an acid-labile DMT. In some embodiments, the acid-labile DMT comprises 4,4'-
dimethoxytrityl. In some embodiments, the method for synthesizing oligonucleotides on a substrate
having a functionalized surface as described herein further comprises oxidation or sulfurization. In
some embodiments, the method for synthesizing oligonucleotides on a substrate having a
functionalized surface as described herein further comprises chemically capping uncoupled
oligonucleotide chains. In some embodiments, the method for synthesizing oligonucleotides on a
substrate having a functionalized surface as described herein further comprises removing the
blocking group, thereby deblocking the growing oligonucleotide chain. In some embodiments, the
position of the substrate during the negative pressure application is within 10 cm of the position of

the substrate during the coupling

-14-



step. In some embodiments, the position of the substrate during the negative pressure application is
within 10 cm of the position of the substrate during the oxidation step. In some embodiments, the
position of the substrate during the negative pressure application is within 10 cm of the position of
the substrate during the capping step. In some embodiments, the position of the substrate during the
negative pressure application is within 10 cm of the position of the substrate during the deblocking
step. In some embodiments, the first locus resides on a microstructure fabricated into the substrate
surface. In some embodiments, at least one reagent for the oxidation step is provided by flooding the
microstructure with a solution comprising the at least one reagent. In some embodiments, at least
one reagent for the capping step is provided by flooding the microstructure with a solution
comprising the at least one reagent. In some embodiments, the first locus resides on a microstructure
fabricated into the substrate surface and at least one reagent for the deblocking step can be provided
by flooding the microstructure with a solution comprising the at least one reagent. In some
embodiments, the method for synthesizing oligonucleotides on a substrate having a functionalized
surface as described herein further comprises enclosing the substrate within a sealed chamber. In
some embodiments, the sealed chamber allows for purging of liquids from the first locus. In some
embodiments, the method for synthesizing oligonucleotides on a substrate having a functionalized
surface as described herein further comprises draining a liquid through a drain that is operably linked
to the first locus. In some embodiments, after applying the negative pressure to the substrate, the
moisture content on the substrate is less than 1 ppm. In some embodiments, the surface energy is
increased corresponding to a water contact angle of less than 20 degree. It is noted that any of the
embodiments described herein can be combined with any of the methods, devices, arrays, substrates
or systems provided in the current disclosuretnvesntion.

[0033] In yet another aspect, the present disclosure #vention-provides a method of depositing
reagents to a plurality of resolved loci. The method comprises applying through an inkjet pump at
least one drop of a first reagent to a first locus of the plurality of loci; applying through an inkjet
pump at least one drop of a second reagent to a second locus of the plurality of resolved loci. In
some embodiments, the second locus is adjacent to the first locus. In still some embodiments, the
first and second reagents are different. In still yet some embodiments, the first and second loci reside
on microstructures fabricated into a support surface. In yet some embodiments, the microstructures
comprise at least one channel that is more than 100 pm deep.

[0034] In practicing any of the methods of depositing reagents to a plurality of resolved loci as

described herein, in some embodiments, the microstructures comprise at least two channels in
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fluidic communication with each other. In some embodiments, the at least two channels comprise
two channels with different width. In some embodiments, the at least two channels comprise two
channels with different length. In some embodiments, the first locus receives less than 0.1% of the
second reagent and the second locus receives less than 0.1% of the first reagent. In some
embodiments, the loci comprise a density of the nominal arclength of the perimeter of at least 0.01
um / square um. In some embodiments, the loci comprise a density of the nominal arclength of the
perimeter of at least 0.001 um / square pm. In some embodiments, the first and second loci comprise
a coating of reagents. In some embodiments, the coating of reagents is covalently linked to the
substrate. In some embodiments, the coating of reagents comprises oligonucleotides. In some
embodiments, at least one of the channels is longer than 100 pm. In some embodiments, at least one
of the channels is shorter than 1000 um. In some embodiments, at least one of the channels is wider
than 50 pm in diameter. In some embodiments, at least one of the channels is narrower than 100 pm
in diameter. In some embodiments, the support surface comprises a material selected from the group
consisting of silicon, polystyrene, agarose, dextran, cellulosic polymers, polyacrylamides, PDMS,
and glass. In some embodiments, the plurality of resolved loci is at a density of at least 1/mm?. In
some embodiments, the plurality of resolved loci is at a density of at least 100/mm®. In some
embodiments, the volume of the drop is at least 2 pl. In some embodiments, the volume of the drop
is about 40 pl. In some embodiments, the volume of the drop is at most 100 pl. It is noted that any
of the embodiments described herein can be combined with any of the methods, devices, arrays,
[0035] In still yet another aspect, the present disclosure swventien-provides a microfluidic
system. The microfluidic system comprises a first surface with a plurality of microwells at a density
of at least 10 per mm?; and a droplet inside one of the plurality of microwells. In some
embodiments, the droplet inside one of the plurality of microwells has a Reynolds number at a range
of about 1-1000. In some embodiments, the plurality of microwells is at a density of at least 1 per
mm®. In some embodiments, plurality of microwells is at a density of at least 10 per mm?.

[0036] In some embodiments related to the microfluidic system as provided herein, the
microfluidic system further comprises an inkjet pump. In some embodiments, the droplet is
deposited by the inkjet pump. In some embodiments, the droplet is moving in the lower half of a
first microwell dimension. In some embodiments, the droplet is moving in the middle third of a first
microwell dimension. In some embodiments, the plurality of microwells is at a density of at least

100 per mm?. In some embodiments, the first microwell dimension is larger than the
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droplet. In some embodiments, the microwell is longer than 100 pm. In some embodiments, the
microwell is shorter than 1000 um. In some embodiments, the microwell is wider than 50 um in
diameter. In some embodiments, the microwell is narrower than 100 ym in diameter. In some
embodiments, the volume of the droplet is at least 2 pl. In some embodiments, the volume of the
droplet is about 40 pl. In some embodiments, the volume of the droplet is at most 100 pl. In some
embodiments, each of the plurality of microwells is fluidically connected to at least one
microchannel. In some embodiments, the at least one microchannel is coated with a moiety that
increases surface energy. In some embodiments, the moiety is a chemically inert moiety. In some
embodiments, the surface energy corresponds to a water contact angle of less than 20 degree. In
some embodiments, the microwells are formed on a solid support comprising a material selected
from the group consisting of silicon, polystyrene, agarose, dextran, cellulosic polymers,
polyacrylamides, PDMS, and glass. In some embodiments, the microchannels comprise a density of
the nominal arclength of the perimeter of at least 0.01 pm / square pm. In some embodiments, the
microchannels comprise a density of the nominal arclength of the perimeter of 0.001 pm / pum?. In
some embodiments, the surface coated with the moiety comprises a nominal surface area of at least 1
um? per 1.0 pm? of planar surface area of the first surface. In some embodiments, the surface coated
with the moiety comprises a nominal surface area of at least 1.25 pm’ per 1.0 um? of planar surface
area of the first surface. In some embodiments, the surface coated with the moiety comprises a
nominal surface area of at least 1.45 um? per 1.0 pm? of planar surface area of the first surface. It is
noted that any of the embodiments described herein can be combined with any of the methods,
devices, arrays, substrates or systems provided in the current disclosureinvention. In some
embodiments, the droplet comprises a reagent that enables oligonucleotide synthesis. In some
embodiments, the reagent is a nucleotide or nucleotide analog.

[0037] In another aspect, the present disclosure #snvention-provides a method of depositing
droplets to a plurality of microwells. The method comprises applying through an inkjet pump at least
one droplet to a first microwell of the plurality of microwells. In some cases, the droplet inside one
of the plurality of microwells has a Reynolds number at a range of about 1-1000. In some
embodiments, the plurality of microwells has a density of at least I/mm?®. In yet some cases, the
plurality of microwells has a density of at least 10/mm?,

[0038] In practicing any of the methods of depositing droplets to a plurality of microwells as
provided herein, the plurality of microwells can have a density of at least 100/mm?. In some

embodiments, the microwell is longer than 100 um. In some embodiments, the microwell is
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shorter than 1000 um. In some embodiments, the microwell is wider than 50 pm in diameter. In
some embodiments, the microwell is narrower than 100 pm in diameter. In some embodiments, the
droplet is applied at a velocity of at least 2 m/sec. In some embodiments, the volume of the droplet is
at least 2 pl. In some embodiments, the volume of the droplet is about 40 pl. In some embodiments,
the volume of the droplet is at most 100 pl. In some embodiments, each of the plurality of
microwells is fluidically connected to at least one microchannel. In some embodiments, the at least
one microwell is coated with a moiety that increases surface energy. In some embodiments, the
moiety is a chemically inert moiety. In some embodiments, the surface energy corresponds to a
water contact angle of less than 20 degree. In some embodiments, the microwells are formed on a
solid support comprising a material selected from the group consisting of silicon, polystyrene,
agarose, dextran, cellulosic polymers, polyacrylamides, PDMS, and glass. In some embodiments,
the microchannels comprise a density of the nominal arclength of the perimeter of at least 0.01 pm /
square um. In some embodiments, the microchannels comprise a density of the nominal arclength of
the perimeter of at least 0.001 pm’m / pm®. In some embodiments, the surface coated with the
moiety comprises a nominal surface area of at least 1 um? per 1.0 um? of planar surface area of the
first surface. In some embodiments, the surface coated with the moiety comprises a nominal surface
area of at least 1.25 um? per 1.0 pm? of planar surface area of the first surface. In some
embodiments, the surface coated with the moiety comprises a nominal surface area of at least 1.45
um? per 1.0 um? of planar surface area of the first surface. In some embodiments, a droplet inside a
microwell is traveling in the middle third of the microwell. In some embodiments, a droplet inside a
microwell is traveling in the bottom half of the microwell. In some embodiments, droplet comprises
a reagent that enables oligonucleotide synthesis. In some embodiments, the reagent is a nucleotide or
nucleotide analog. It is noted that any of the embodiments described herein can be combined with
any of the methods, devices, arrays, substrates or systems provided in the current
disclosuretsrvention.

[0039] In another aspect, the present disclosure #svention-also provides a method of partitioning.
The method of partitioning comprises contacting a first surface comprising a liquid at a first plurality
of resolved loci with a second surface comprising a second plurality of resolved loci; determining a
velocity of release such that a desired fraction of the liquid can be transferred from the first plurality
of resolved loci to the second plurality of resolved loci; and detaching the second surface from the

first surface at said velocity. In some embodiments, the first surface
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comprises a first surface tension with the liquid, and the second surface can comprise a second
surface tension with the liquid.

[0040] In practicing any of the methods of partitioning as provided herein, a portion of the first
surface can be coated with a moiety that increases surface tension. In some embodiments, the moiety
is a chemically inert moiety. In some embodiments, the surface tension of the first surface
corresponds to a water contact angle of less than 20 degree. In some embodiments, the surface
tension of the second surface corresponds to a water contact angle of more than 90 degree. In some
embodiments, the first surface comprises a material selected from the group consisting of silicon,
polystyrene, agarose, dextran, cellulosic polymers, polyacrylamides, PDMS, and glass. In some
embodiments, the plurality of resolved loci comprises a density of the nominal arclength of the
perimeter of at least 0.01 pm/pm?. In some embodiments, the plurality of resolved loci comprises a
density of the nominal arclength of the perimeter of at least 0.001 um/um?®. In some embodiments,
the surface coated with the moiety comprises a nominal surface area of at least 1 um?” per 1.0 pm? of
planar surface area of the first surface. In some embodiments, the surface coated with the moiety
comprises a nominal surface area of at least 1.25 pum? per 1.0 um? of planar surface area of the first
surface. In some embodiments, the surface coated with the moiety comprises a nominal surface area
of at least 1.45 pm?® per 1.0 pm? of planar surface area of the first surface. In some embodiments, the
first plurality of resolved loci is at a density of at least I/mm?. In some embodiments, the first
plurality of resolved loci is at a density of at least 100/mm?. In some embodiments, the first or the
second surface comprises microchannels holding at least a portion of the liquid. In some
embodiments, the first or the second surface comprises nanoreactors holding at least a portion of the
liquid. In some embodiments, the method of partitioning as described herein further comprises
contacting a third surface with a third plurality of resolved loci. In some embodiments, the liquid
comprises a nucleic acid. In some embodiments, the desired fraction is more than 30%. In some
embodiments, the desired fraction is more than 90%. It is noted that any of the embodiments
described herein can be combined with any of the methods, devices, arrays, substrates or systems
provided in the current disclosurcisvention.

[0041] In yet another aspect, the present disclosure invention-also provides a method of mixing
as described herein. The method comprises: (a) providing a first substrate comprising a plurality of
microstructures fabricated thereto; (b) providing a second substrate comprising a plurality of resolved
reactor caps; (¢) aligning the first and second substrates such that a first reactor cap of the plurality

can be configured to receive liquid from n microstructures in the first substrate; and
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(d) delivering liquid from the n microstructures into the first reactor cap, thereby mixing liquid from
the n microstructures forming a mixture.

[0042] In practicing any of the methods of mixing as described herein, the plurality of resolved
reactor caps can be at a density of at least 0. I/mm?. In some embodiments, the plurality of resolved
reactor caps are at a density of at least 1/mm?®. In some embodiments, plurality of resolved reactor
caps are at a density of at least 10/mm’. In some embodiments, each of the plurality of
microstructures can comprise at least two channels of different width. In some embodiments, the at
least one of the channels is longer than 100 pm. In some embodiments, the at least one of the
channels is shorter than 1000 um. In some embodiments, the at least one of the channels is wider
than 50 pm in diameter. In some embodiments, the at least one of the channels 1s narrower than 100
um in diameter. In some embodiments, the at least one of the channels is coated with a moiety that
increases surface energy. In some embodiments, the moiety is a chemically inert moiety. In some
embodiments, the microstructures are formed on a solid support comprising a material selected from
the group consisting of silicon, polystyrene, agarose, dextran, cellulosic polymers, polyacrylamides,
PDMS, and glass. In some embodiments, the microchannels comprise a density of the nominal
arclength of the perimeter of at least 0.01 pm / square pm. In some embodiments, the microchannels
comprise a density of the nominal arclength of the perimeter of at least 0.001 pm / um’. In some
embodiments, the surface coated with the moiety comprises a nominal surface area of at least 1 pm?
per 1.0 pm? of planar surface area of the first surface. In some embodiments, the surface coated with
the moiety comprises a nominal surface area of at least 1.25 um?’ per 1.0 pm? of planar surface area
of the first surface. In some embodiments, the surface coated with the moiety comprises a nominal
surface area of at least 1.45 pm? per 1.0 pm? of planar surface area of the first surface. In some
embodiments, the plurality of microstructures comprises a coating of reagents. In some
embodiments, the coating of reagents is covalently linked to the first surface. In some embodiments,
the coating of reagents comprises oligonucleotides. In some embodiments, the microstructures are at
a density of at least 1/mm”. In some embodiments, the microstructures are at a density of at least
100/mm”.

[0043] In some embodiments related to the methods of mixing as described herein, after step (c),
which is aligning the first and second substrates such that a first reactor cap of the plurality can be
configured to receive liquid from n microstructures in the first substrate, there is a gap of less than
100 um between the first and the second substrates. In some embodiments, after step (c), there is a
gap of less than 50 um between the first and the second substrates. In some embodiments, after step

(c), there is a gap of less than 20 um between the first and the second substrates. In some
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embodiments, after step (c), there is a gap of less than 10 um between the first and the second
substrates. In some embodiments, the mixture partially spreads into the gap. In some embodiments,
the method of mixing further comprises sealing the gap by bringing the first and the second substrate
closer together. In some embodiments, one of the two channels is coated with a moiety that
increases surface energy corresponding to a water contact angle of less than 20 degree. In some
embodiments, the moiety is a chemically inert moiety. In some embodiments, the delivering is
performed by pressure. In some embodiments, the volume of the mixture is greater than the volume
of the reactor cap. In some embodiments, the liquid comprises a nucleic acid. In some
embodiments, n is at least 10. In some embodiments, n is at [east 25. In some embodiments, n, the
number of microstructures from which the liquid is mixed forming a mixture, can be at least 50. In
some embodiments, n is at least 75. In some embodiments, n is at least 100. It is noted that any of
the embodiments described herein can be combined with any of the methods, devices, arrays,
substrates or systems provided in the current disclosuremvention.

[0044] In yet another aspect, the present disclosure invention-also provides a method of
synthesizing n-mer oligonucleotides on a substrate as described herein. The method comprises:
providing a substrate with resolved loci that are functionalized with a chemical moiety suitable for
nucleotide coupling; and coupling at least two building blocks to a plurality of growing
oligonucleotide chains each residing on one of the resolved loci according to a locus specific
predetermined sequence without transporting the substrate between the couplings of the at least two
building blocks, thereby synthesizing a plurality of oligonucleotides that are n basepairs long.

[0045] In practicing any of the methods of synthesizing n-mer oligonucleotides on a substrate as
described herein, the method can further comprise coupling at least two building blocks to a plurality
of growing oligonucleotide chains each residing on one of the resolved loci at a rate of at least 12
nucleotides per hour. In some embodiments, the method further comprises coupling at least two
building blocks to a plurality of growing oligonucleotide chains each residing on one of the resolved
loci at a rate of at least 15 nucleotides per hour. In some embodiments, the method further comprises
coupling at least two building blocks to a plurality of growing oligonucleotide chains each residing
on one of the resolved loci at a rate of at least 20 nucleotides per hour. In some embodiments, the
method further comprises coupling at least two building blocks to a plurality of growing
oligonucleotide chains each residing on one of the resolved loci at a rate of at least 25 nucleotides per

hour. In some embodiments, at least one

21-



resolved locus comprises n-mer oligonucleotides deviating from the locus specific predetermined
sequence with an error rate of less than 1/500 bp. In some embodiments, at least one resolved locus
comprises n-mer oligonucleotides deviating from the locus specific predetermined sequence with an
error rate of less than 1/1000 bp. In some embodiments, at least one resolved locus comprises n-mer
oligonucleotides deviating from the locus specific predetermined sequence with an error rate of less
than 1/2000 bp. In some embodiments, the plurality of oligonucleotides on the substrate deviate
from respective locus specific predetermined sequences at an error rate of less than 1/500 bp. In
some embodiments, the plurality of oligonucleotides on the substrate deviate from respective locus
specific predetermined sequences at an error rate of less than 1/1000 bp. In some embodiments, the
plurality of oligonucleotides on the substrate deviate from respective locus specific predetermined
sequences at an error rate of less than 1/2000 bp.

[0046] In some embodiments related to the method of synthesizing n-mer oligonucleotides on a
substrate as described herein, the building blocks comprise an adenine, guanine, thymine, cytosine,
or uridine group, or a modified nucleotide. In some embodiments, the building blocks comprise a
modified nucleotide. In some embodiments, the building blocks comprise dinucleotides. In some
embodiments, the building blocks comprise phosphoramidite. In some embodiments, n is at least
100. In some embodiments, wherein n is at Ieast 200. In some embodiments, n is at least 300. In
some embodiments, n is at least 400. In some embodiments, the substrate comprises at least 100,000
resolved loci and at least two of the plurality of growing oligonucleotides are different from each
other. In some embodiments, the method further comprise vacuum drying the substrate before
coupling, In some embodiments, the building blocks comprise a blocking group. In some
embodiments, the blocking group comprises an acid-labile DMT. In some embodiments, the acid-
labile DMT comprises 4,4'-dimethoxytrityl. In some embodiments, the method further comprise
oxidation or sulfurization. In some embodiments, the method further comprise chemically capping
uncoupled oligonucleotide chains. In some embodiments, the method further comprise removing the
blocking group, thereby deblocking the growing oligonucleotide chain. In some embodiments, the
substrate comprises at least 10,000 vias providing fluid communication between a first surface of the
substrate and a second surface of the substrate. In some embodiments, the substrate comprises at
least 100,000 vias providing fluid communication between a first surface of the substrate and a
second surface of the substrate. In some embodiments, the substrate comprises at least 1,000,000

vias providing fluid communication between a first surface of the substrate and a
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second surface of the substrate. It is noted that any of the embodiments described herein can be
combined with any of the methods, devices, arrays, substrates or systems provided in the current
disclosurcinvention,

[06047] In yet another aspect, the present disclosure invention-also provides a method of
constructing a gene library as described herein. The method comprises: entering at a first timepoint,
in a computer readable non-transient medium a list of genes, wherein the list comprises at least 100
genes and wherein the genes are at least 500 bp; synthesizing more than 90% of the list of genes,
thereby constructing a gene library with deliverable genes; preparing a sequencing library that
represents the gene library; obtaining sequence information; selecting at least a subset of the
deliverable genes based on the sequence information; and delivering the selected deliverable genes at
a second timepoint, wherein the second timepoint is less than a month apart from the first timepoint.
[0048] In practicing any of the methods of constructing a gene library as described herein, the
sequence information can be obtained bia next-generation sequencing. The sequence information
can be obtained by Sanger sequencing. In some embodiments, the method further comprises
delivering at least one gene at a second timepoint. In some embodiments, at least one of the genes
differ from any other gene by at least 0.1% in the gene library. In some embodiments, each of the
genes differ from any other gene by at least 0.1% in the gene library. In some embodiments, at least
one of the genes differ from any other gene by at least 10% in the gene library. In some
embodiments, each of the genes differ from any other gene by at least 10% in the gene library. In
some embodiments, at least one of the genes differ from any other gene by at least 2 base pairs in the
gene library. In some embodiments, each of the genes differ from any other gene by at least 2 base
pairs in the gene library. In some embodiments, at least 90% of the deliverable genes are error free.
In some embodiments, the deliverable genes comprise an etror rate of less than 1/3000 resulting in
the generation of a sequence that deviates from the sequence of a gene in the list of genes. In some
embodiments, at least 90% of the deliverable genes comprise an error rate of less than 1 in 3000 bp
resulting in the generation of a sequence that deviates from the sequence of a gene in the list of
genes. In some embodiments, a subset of the deliverable genes are covalently linked together. In
some embodiments, a first subset of the list of genes encode for components of a first metabolic
pathway with one or more metabolic end products. In some embodiments, the method further
comprises selecting of the one or more metabolic end products, thereby constructing the list of genes.

In some embodiments, the one or more metabolic end products comprise a biofuel. In some
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embodiments, a second subset of the list of genes encode for components of a second metabolic
pathway with one or more metabolic end products. In some embodiments, the list comprises at least
500, genes. In some embodiments, the list comprises at least 5000 genes. In some embodiments, the
list comprises at least 10000 genes. In some embodiments, the genes are at least 1kb. In some
embodiments, the genes are at least 2kb. In some embodiments, the genes are at least 3kb. In some
embodiments, the second timepoint is less than 25 days apart from the first timepoint. In some
embodiments, the second timepoint is less than 5 days apart from the first timepoint. In some
embodiments, the second timepoint is less than 2 days apart from the first timepoint. It is noted that
any of the embodiments described herein can be combined with any of the methods, devices, arrays,
substrates or systems provided in the current disclosureinvention.

[0049] Provided herein, in some embodiments, is a microfluidic device for nucleic acid
synthesis, comprising a substantially planar substrate portion comprising n groupings of m
microfluidic connections between opposite surfaces, wherein each one of the n*m microfluidic
connections comprises a first channel and a second channel, and wherein the first channel within
each of the n groupings is common to all m microfluidic connections, wherein the plurality of
microfluidic connections span the substantially planar substrate portion along the smallest dimension
of the substrate, and wherein n and m are at least 2. In some embodiments, the second channel is
functionalized with a coating that is capable of facilitating the attachment of an oligonucleotide to the
device. In some embodiments, the device further comprises a first oligonucleotide that is attached to
the second channels in k of the n groupings. In some embodiments, k is 1. In some embodiments,
the device further comprises a second oligonucleotide that is attached to 1 of the n groupings. In
some embodiments, | is 1. In some embodiments, the none of the groupings in the 1 groupings are in
the k groupings.

[0050] In some embodiments, the oligonucleotide is at least 10 nucleotides, 25 nucleotides, 50
nucleotides, 75 nucleotides, 100 nucleotides, 125 nucleotides, 150 nucleotides, or 200 nucleotides
long.

[0051] In some embodiments, the first and the second oligonucleotides differ by at least 2
nucleotides, 3 nucleotides, 4 nucleotides, 5 nucleotides, or 10 nucleotides.

[0052] In some embodiments, the n*m microfluidic connections are at most 5 mm, 1,5 mm, 1.0
mm, or 0.5 mm long. In some embodiments, the first channel within each of the n groupings is at
most 5 mm, 1.5 mm, 1.0 mm, or 0.5 mm long. In some embodiments, the first channel within each
of the n groupings is at least 0.05 mm, 0.75 mm, 0.1 mm, 0.2 mm, 0.3 mm, or 0.4 mm long. In some

embodiments, the second channel in each of the n*m microfluidic
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connections is at most 0.2 mm, 0.1 mm, 0.05 mm, 0.04 mm, or 0.03 mm long. In some
embodiments, the second channel in each of the n*m microfluidic connections is at least 0.001 mm,
0.005 mm, 0.01 mm, 0.02 mm, or 0.03 mm long. In some embodiments, the cross section of the first
channel within each of the n groupings is at least 0.01 mm, 0.025 mm, 0.05 mm, or 0.075 mm. In
some embodiments, the cross section of the first channel within each of the n groupings is at most 1
mm, 0.5 mm, 0.25 mm, 0.1 mm, or 0.075 mm. In some embodiments, the cross section of the second
channel in each of the n*m microfluidic connections is at least 0.001 mm, 0.05 mm, 0.01 mm, 0.015
mm, or 0.02 mm. In some embodiments, the cross section of the second channel in each of the n*m
microfluidic connections is at most 0.25 mm, 0.125 mm, 0.050 mm, 0.025 mm, 0.02 mm. In some
embodiments, the standard deviation in the cross section of the second channels in each of the n*m
microfluidic connections is less than 25%, 20%, 15%, 10%, 5%, or 1% of the mean of the cross
section. In some embodiments, the variation in the cross section within at least 90% of the second
channels of the n*m microfluidic connections is at most 25%, 20%, 15%, 10%, 5%, or 1%.

[0053] In some embodiments, n is at least 10, 25, 50, 100, 1000, or 10000. In some
embodiments, m is at least 3, 4, or 5.

[0054] In some embodiments, the substrate comprises at least 5 %, 10%, 25%, 50%, 80%, 90%,
95%, or 99% silicon.

[0055] In some embodiments, at least 90% of the second channels of the n*m microfluidic
connections is functionalized with a moiety that increases surface energy. In some embodiments, the
surface energy is increased to a level corresponding to a water contact angle of less than 75, 50, 30,
or 20 degrees.

[0056] In some embodiments, the aspect ratio for at least 90% of the second channels of the n*m
microfluidic connections is less than 1, 0.5, or 0.3. In some embodiments, the aspect ratio for at least
90% of the first channels in the n groupings is less than 0.5, 0.3, or 0.2.

[0057] In some embodiments, the total length of at least 10%, 25%, 50%, 75%, 90%, or 95% of
the n*m fluidic connections are within 10%, 20%, 30%, 40%, 50%, 100%, 200%, 500%, or 1000%
of the smallest dimension of the substantially planar substrate.

[0058] In some embodiments, the substantially planar portion of the device is fabricated from a
SOI wafer.

[0059] In another aspect, the disclosure invention-relates to a method of nucleic acid
amplification, comprising: (a) providing a sample comprising n circularized single stranded nucleic
acids, each comprising a different target sequence; (b) providing a first adaptor that is hybridizable to

at least
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one adaptor hybridization sequence on m of the n circularized single stranded nucleic acids; (c)
providing conditions suitable for extending the first adaptor using the m circularized single stranded
nucleic acids as a template, thereby generating m single stranded amplicon nucleic acids, wherein
each of the m single stranded amplicon nucleic acids comprises a plurality of replicas of the target
sequence from its template; (d) providing a first auxiliary oligonucleotide that is hybridizable to the
first adaptor; and (e) providing a first agent under conditions suitable for the first agent to cut the m
single stranded amplicon nucleic acids at a plurality of cutting sites, thereby generating a plurality of
single stranded replicas of the target sequences in the m circularized single stranded nucleic acids. In
some embodiments, n or m is at least 2. In some embodiments, n orm is at least 3, 4, 5, 6, 7, 8, 9, 10,
15, 20, 25, 50, 75, 100, 150, 200, 300, 400, or 500. In some embodiments, m is less than n. In some
embodiments, the sample comprising the n circularized single stranded nucleic acid is formed by
providing at least n linear single stranded nucleic acids, each comprising one of the different target
sequences and circularizing the n linear single stranded nucleic acids, thereby generating the n
circularized single stranded nucleic acids. In some embodiments, the first adaptor is hybridizable to
both ends of the n linear single stranded nucleic acids concurrently. In some embodiments, the
different target sequences in the n linear single stranded nucleic acids are flanked by a first and a
second adaptor hybridization sequence. In some embodiments, the at least n linear single stranded
nucleic acids are generated by de novo oligonucleotide synthesis. In some embodiments, the first
adaptor hybridization sequence in each of the n linear single stranded nucleic acids differ by no more
than two nucleotide bases. In some embodiments, the first or the second adaptor hybridization
sequence is at least 5 nucleotides long. In some embodiments, the first or the second adaptor
hybridization sequence is at most 75, 50, 45, 40, 35, 30, or 25 nucleotides long. In some
embodiments, the ends of the n linear single stranded nucleic acids pair with adjacent bases on the
first adaptor when the first adaptor is hybridized to the both ends of the linear single stranded nucleic
acid concurrently. In some embodiments, the locations of the plurality of cutting sites are such that
the adaptor hybridization sequence 1s severed from at least 5% of a remainder sequence portion of
the m circularized single stranded nucleic acid replicas. In some embodiments, at least 5% of the
sequence of the m circularized single stranded nucleic acid replicas other than the at least one adaptor
hybridization sequence remains uncut. In some embodiments, the locations of the plurality of cutting
sites are outside the at least one adaptor hybridization sequence. In some embodiments, the locations
of the plurality of cutting sites are independent of the target sequences. In some embodiments, the

locations of the plurality of cutting sites are determined
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by at least one sequence element within the sequence of the first adaptor or the first auxiliary
oligonucleotide. In some embodiments, the sequence element comprises a recognition site for a
restriction endonuclease. In some embodiments, the first auxiliary oligonucleotide or the first adaptor
oligonucleotide comprises a recognition site for a Type IIS restriction endonuclease. In some
embodiments, the recognition sites are at least 1, 2, 3,4, 5, 6,7, 8, 9, or 10 nucleotides away from the
cutting sites. In some embodiments, the plurality of cutting sites are at junctures of single and double
stranded nucleic acids. In some embodiments, the double stranded nucleic acids comprise the first
adaptor and the first auxiliary oligonucleotide. In some embodiments, the single stranded nucleic
acids consists essentially of the m different target sequences. In some embodiments, the m different
target sequences have at most 95% pairwise similarity. In some embodiments, the m different target
sequences have at most 90% pairwise similarity. In some embodiments, the m different target
sequences have at most 80% pairwise similarity. In some embodiments, the m different target
sequences have at most 50% pairwise similarity. In some embodiments, generating the m single
stranded amplicon nucleic acid comprises strand displacement amplification. In some embodiments,
the first auxiliary oligonucleotide comprises an affinity tag. In some embodiments, the affinity tag
comprises biotin or biotin derivative. In some embodiments, the method further comprises isolating
double stranded nucleic acids from the sample. In some embodiments, the isolating comprises
affinity purification, chromatography, or gel purification. In some embodiments, the first agent
comprises a restriction endonuclease. In some embodiments, the first agent comprises at least two
restriction endonucleases. In some embodiments, the first agent comprises a Type IIS restriction
endonuclease. In some embodiments, the first agent comprises a nicking endonuclease. In some
embodiments, the first agent comprises at least two nicking endonucleases. In some embodiments,
the first agent comprises at least one enzyme selected from the group consisting of Mlyl, Schl, Alwl,
Becl, BeeAl, BsmAl BsmFI, Fokl, Hgal, Plel, SfaNI, BfuAl, Bsal, BspMI, BtgZI, Earl, BspQ],
Sapl, Sgel, BeeFl, BsIFL, BsoMAI, Bst711, Faqgl, Acelll, Bbvll, Bvel, Lgul, BfuCI, DpnlI, Fatl,
Mbol, MIuClI, Sau3Al, Tsp5091, BssKI, PspGI, StyD4I, Tsp451, Aoxl, BscFI, Bsp1431, BssMI,
BseENIL, BstMBI, Kzo91, NedlIl, Sse9l, Tasl, TspEL Ajnl, BstSCI, EcoRII, Maelll, NmuClI, Psp6l,
Mnll, BspCNI, Bsrl, BtsCI, Hphl, HpyAV, Mboll, Acul, BciVL, Bmrl, Bpml, BpuEL BseRlI, Bsgl,
Bsml, BsrDI, BtsI, Ecil, Mmel, NmeAIIl, Hind4ll, TscAl, Bee831, Bmul, Bsbl, BscCI, Nlalll,
Hpy991, TspRI, Fael, Hinl1l, Hsp92Il, Setl, Tail, Tscl, TscAl, TseFl, Nb.BsrDI, Nb.Btsl, AspCNI,
BscGl, BspNCI, EcoHI, Finl, Tsul, UbaF111, Unbl, Vpakl1Al, BspGl, DrdIl, Pf111081, UbaPI,
Nt.Alwl, Nt.BsmAl, Nt.BstNBI, and Nt.BspQ], and variants thereof. In some
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embodiments, the first agent comprises essentially the same function, recognizes the same or
essentially the same recognition sequence, or cuts at the same or essentially same cutting site, as any
of the listed sfirst agents and variants.. In some embodiments, the at least two restriction enzymes
comprise Mlyl and BciVI or BfuCI and Mlyl. In some embodiments, the method further comprises
(a) partitioning the sample into a plurality of fractions; (b) providing at least one fraction with a
second adaptor that is hybridizable to at least one adaptor hybridization sequence on k of the n
different circularized single stranded nucleic acids; (¢) providing conditions suitable for extending
the second adaptor using the k circularized single stranded nucleic acids as a template, thereby
generating k single stranded amplicon nucleic acids, wherein the second single stranded amplicon
nucleic acid comprises a plurality of replicas of the target sequence from its template; (d) providing a
second auxiliary oligonucleotide that is hybridizable to the second adaptor; and (e) providing a
second agent under conditions suitable for the agent to cut the k single stranded amplicon nucleic
acids at a second plurality of cutting sites, thereby generating a plurality of single stranded replicas of
the target sequences in the k circularized single stranded nucleic acids. In some embodiments, the
first and the second adaptors are the same. In some embodiments, the first and the second auxiliary
oligonucleotides are the same. In some embodiments, the first and the second agents are the same. In
some embodiments, k + m is less than n. In some embodiments, k is at least 2. In some embodiments,
the sample comprising the n circularized single stranded nucleic acid is formed by single stranded
nucleic acid amplification. In some embodiments, the single stranded nucleic acid amplification
comprises: (a) providing a sample comprising at least m circularized single stranded precursor
nucleic acids; (b) providing a first precursor adaptor that is hybridizable to the m circularized single
stranded precursor nucleic acids; (c) providing conditions suitable for extending the first precursor
adaptor using the m circularized single stranded precursor nucleic acids as a template, thereby
generating m single stranded precursor amplicon nucleic acids, wherein the single stranded amplicon
nucleic acid comprises a plurality of replicas of the m circularized single stranded precursor nucleic
acid; (d) providing a first precursor auxiliary oligonucleotide that is hybridizable to the first precursor
adaptor; and (e) providing a first precursor agent under conditions suitable for the first precursor
agent to cut the first single stranded precursor amplicon nucleic acid at a plurality of cutting sites,
thereby generating the m linear precursor nucleic acids. In some embodiments, the method further
comprises circularizing the m linear precursor nucleic acids, thereby forming replicas of the m
circularized single stranded precursor nucleic acids. In some embodiments, the m circularized single

stranded precursor nucleic acid is amplified by at
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least 10, 100, 250, 500, 750, 1000, 1500, 2000, 3000, 4000, 5000, 10000-fold, or more in single
stranded replicas. In some embodiments, at least one of the m circularized single stranded nucleic
acids is at a concentration of ‘about or at most about 100 nM, 10 nM, 1 nM, 50 pM, 1pM, 100 M, 10
M, 1fM, or less. In some embodiments, circularizing comprises ligation. In some embodiments,
ligation comprises the use of a ligase selected from the group consisting of T4 DNA ligase, T3 DNA
ligase, T7 DNA ligase, e.coli DNA ligase, Taq DNA ligase, and 9N DNA ligase.

[0060] In yet a further aspect, the disclosureivention, in various embodiments relates to a kit
comprising: (a) a first adaptor; (bya ﬁrs‘f auxiliary oligonucleotide that is hybridizable to the adaptor;
(c) a ligase; and (d) a first cleaving agent, comprising at least one enzyme selected from the group
consisting of Mlyl, Schl, Alwl, Becl, BeeAl BsmAl BsmFI, Fokl, Hgal, Plel, SfaNI, BfuAl, Bsal,
BspMI, BtgZI, Earl, BspQI, Sapl, Sgel, BeeFl, BslFL, BsoMAL Bst711, Faql, Acelll, Bbvll, Bvel,
Lgul, BfuCI, Dpnll, Fatl, Mbol, MluCI, Sau3Al, Tsp5091, BssKI, PspGI, StyD41, Tsp451, AoxI,
BscFI, Bsp1431, BssMI, BseENII, BstMBI, Kzo091, Nedll, Sse9l, Tasl, TspEI, Ajnl, BstSCI, EcoRII,
Maelll, NmuCl, Psp61, Mnll, BspCNI, Bsrl, BtsCI, Hphl, HpyAV, Mboll, Acul, BciVI, Bmrl,
Bpml, BpuEl BseRI, Bsgl, Bsml, BsrDI, Btsl, Ecil, Mmel, NmeAIll, Hin4II, TscAl, Bce831, Bmul,
Bsbl, BscCl, Nlalll, Hpy991, TspRI, Fael, HinlIl, Hsp92Il, Setl, Tail, TscI, TscAl, TseFI, Nb.BsrDI,
Nb.BtsI, AspCNI, BscGI, BspNCI, EcoHlI, Finl, Tsul, UbaF11I, Unbl, Vpakl1AI, BspGI, DrdIl,
Pf111081, UbaPI, Nt.AlwI, Nt.BsmAI Nt.BstNBI, and Nt.BspQI, and variants thereof. In some
embodiments, the first agent comprises essentially the same function, recognizes the same or
essentially the same recognition sequence, or cuts at the same or essentially same cutting site as any
of the listed first agents and variants.. In some embodiments, the kit further comprises a second
cleaving agent. In some embodiments, the second cleaving agent comprises and enzyme selected
from the group consisting of Mlyl, Schl, Alwl, Becel, BeeAl, BsmAl, BsmFl, Fokl, Hgal, Plel,
SfaNI, BfuAl, Bsal, BspMI, BtgZI, Earl, BspQl, Sapl, Sgel, BceFl, BsIFI, BsoMAI, Bst71I, Faql,
Acelll, Bbvll, Bvel, Lgul, BfuCI, Dpnll, Fatl, Mbol, MluCl, Sau3Al, Tsp509I, BssKI, PspGl,
StyDA41, Tsp451, AoxI, BscFI, Bsp1431, BssMI, BseENII, BstMBI, Kzo91, Nedll, Sse9l, Tasl, TspEl],
Ajnl, BstSCIL, EcoRIL, Maelll, NmuClI, Psp6l, Mnll, BspCNI, Bsrl, BtsCI, Hphl, HpyAV, Mboll,
Acul, BciVI, Bmrl, Bpml, BpuEl BseRI, Bsgl, Bsml, BsrDI, Btsl, Ecil, Mmel, NmeAlIll, Hin4lI,
TscAl, Bee831, Bmul, Bsbl, BscCl, Nlalll, Hpy991, TspRI, Fael, Hinl1Il, Hsp921l, Setl, Tail, Tscl,
TscAl, TseFL, Nb.BsrDI, Nb.BtsI, AspCNI, BscGl, BspNCI, EcoHI, Finl, Tsul, UbaF11I, UnblI,
Vpak11AL BspGI, DrdIl, Pf111081, UbaPI, Nt.Alwl, Nt.BsmAlI, Nt.BstNBI, and Nt.BspQIL, and
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variants thereof. In some embodiments, the second agent comprises essentially the same function,
recognizes the same or essentially the same recognition sequence, or cuts at the same or essentially
same cutting site as any of the listed second agents and variants. In some embodiments, the first
cleaving agents comprises Mlyl. In some embodiments, the second cleaving agent comprises BciVI
or BfuCl.

[0061] In yet another aspect, the disclosure inventisn-relates to a method of nucleic acid
amplification, comprising: (a) providing a sample comprising n circularized single stranded nucleic
acids, each comprising a different target sequence; (b) providing a first adaptor that is hybridizable to
at least one adaptor hybridization sequence on m of the n circularized single stranded nucleic acids;
(c) providing conditions suitable for extending the first adaptor using the m circularized single
stranded nucleic acids as a template, thereby generating m single stranded amplicon nucleic acids,
wherein each of the m single stranded amplicon nucleic acids comprises a plurality of replicas of the
target sequence from its template; (d) generating double stranded recognition sites for a first agent on
the m single stranded amplicon nucleic acids; and (e) providing the first agent under conditions
suitable for the first agent to cut the m single stranded amplicon nucleic acids at a plurality of cutting
sites, thereby generating a plurality of single stranded replicas of the target sequences in the m
circularized single stranded nucleic acids. In some embodiments, the double stranded recognition
sites comprise a first portion of the first adaptor on a first strand of the double stranded recognition
sites and a second strand of the first adaptor on the second strand of the double stranded recognition
sites. In some embodiments, the adaptor comprises a palindromic sequence. In some embodiments,
the double stranded recognition sites are generated by hybridizing the first and second portions of the
first adaptor to each other. In some embodiments, the m single stranded amplicon nucleic acids
comprise a plurality of double stranded self-hybridized regions.

[0062] In a yet further aspect, the disclosure invention-relates to a method for generating a long
nucleic acid molecule, the method comprising the steps of: (a) providing a plurality of nucleic acids
immobilized on a surface, wherein said plurality of nucleic acids comprises nucleic acids having
overlapping complementary sequences; (b) releasing said plurality of nucleic acids into solution; and
(c) providing conditions promoting: i) hybridization of said overlapping complementary sequences to
form a plurality of hybridized nucleic acids; and ii) extension or ligation of said hybridized nucleic
acids to synthesize the long nucleic acid molecule.

10663] In another aspect, the disclosure inventionrelates to an automated system capable of
processing one or more substrates, comprising: an inkjet print head for spraying a microdroplet

comprising a
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chemical species on a substrate; a scanning transport for scanning the substrate adjacent to the print
head to selectively deposit the microdroplet at specified sites; a flow cell for treating the substrate on
which the microdroplet is deposited by exposing the substrate to one or more selected fluids; an
alignment unit for aligning the substrate correctly relative to the print head each time when the
substrate is positioned adjacent to the print head for deposition; and not comprising a treating
transport for moving the substrate between the print head and the flow cell for treatment in the flow
cell, wherein said treating transport and said scanning transport are different elements.

[0064] In yet another aspect, the disclosure imvention-relates to an automated system for
synthesizing oligonucleotides on a substrate, said automated system capable of processing one or
more substrates, comprising: an inkjet print head for spraying a solution comprising a nucleoside or
activated nucleoside on a substrate; a scanning transport for scanning the substrate adjacent to the
print head to selectively deposit the nucleoside at specified sites; a flow cell for treating the substrate
on which the monomer is deposited by exposing the substrate to one or more selected fluids; an
alignment unit for aligning the substrate correctly relative to the print head each time when the
substrate is positioned adjacent to the print head for deposition; and not comprising a treating
transport for moving the substrate between the print head and the flow cell for treatment in the flow
cell, wherein said treating transport and said scanning transport are different elements.

[0065] In yet a further aspect, the disclosure snvention-relates to an automated system
comprising: an inkjet print head for spraying a microdroplet comprising a chemical species on a
substrate; a scanning transport for scanning the substrate adjacent to the print head to selectively
deposit the microdroplet at specified sites; a flow cell for treating the substrate on which the
microdroplet is deposited by exposing the substrate to one or more selected fluids; and an alignment
unit for aligning the substrate correctly relative to the print head each time when the substrate is
positioned adjacent to the print head for deposition; and wherein the system does NOT comprise a
treating transport for moving the substrate between the print head and the flow cell for treatment in
the flow cell.

G065a] In vet a further aspect, the present disclosure provides a method of method of

synthesizing nucleic acids, comprising:

a) providing predetermined sequences for at least 150 preselected nucleic acids;

b) providing a structure comprising a surface, wherein the surface comprises a plurality

of loci, wherein each locus comprises a first plurality of molecules and is adiacent to a region that

comprises a second plurality of molecules, wherein each molecule of the first plurality of molecules

binds to the surface and comprises a reactive eroup capable of binding to a nucleoside

phosphoramidite, and wherein each molecule of the second plurality of molecules binds to the

surface and lacks the reactive group capable of binding to the nucleoside vhosphoramidite;
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¢) synthesizing at least 15.000 non-identical polvnucleotides extending from to the

surface. wherein the at least 15.000 non-identical polynucleotides are each at least 50 bases long: and

agssembling the at least 150 preselected nucleie acids, wherein the at least 150 preselected nucleic

acids comprise sequences encoded by the at least 15.000 non-identical polynucleotides, wherein the

assembled at least 150 nreselected nucleic acids encode sequences with an aggregate error rate of

less than 1 in 1500 bases compared to the predetermined sequences without correcting errors in the at

least 150 assembled nreselected nucleic acids.

I0065b1  In vet a further asnect, the present disclosure provides a method of svnthesizing nucleic

acids, comprsing:

a) providing predetermined sequences for at least 6,000 preselected nucleic acids;

1) providing a structure comprisine a patterned surface, wherein the patterned surface

comprises predetermined regions coated with a first molecule, wherein the first molecule comprises a

silane. siloxane, or N-{3-triethoxvsilvioropyli-4-hvdroxvbutyramide, and wherein each

predetermined region coated with the first molecule is surrounded by a region coated with a second

molecule. wherein the second molecule binds to the patterned surface and lacks an available reactive

oroup that binds to a nucleoside phosphoramidite:

¢) synthesizine at least 800.000 of non-identical polvnucleotides attached to the patterned

surface. wherein the at least 200.000 non-identical polynucleotides are each at least 125 bases long

and extend from the patterned surface at the predetermined regions coated with the first molecule;

&) releasine the at least 800,000 non-identical polvnucleotides from the patterned surface;

¢) suspending the at least 800,000 non-identical polvnucleotides in a solution: and

£y subjecting the solution comprising the at least 800,000 non-identical polyvnucleotides to

a nolymerase chain assembly reaction to assemble the at least 6,000 preselected nucleic acids,

wherein the assembled at least 6,000 preselected nucleic acids encode sequences with an aggregate

error rate of less than 1 in 1500 bases compared to the predetermiped sequences without correcting

errors in the assembled at least 6,000 preselected nucleic acids, and wherein the patterned surface

provides for the aggregate error rate of less than { in 1500 bases.

10065¢] In vet a further aspect, the present disclosure provides a method for synthesizing a ibrary

of oligonucleic acids encoding for predetermined sequences. the method comprising:

a) providing predetermined sequences for a library of at least 100.000 non-identical

oligonucleic acids;

b) providing a structure having a patterned surface comprising a plurality of loci for

oligonncleic acid extension, wherein each locus comprises a first plurality of molecules and 1g

adiacent to a region that comprises a second plurality of molecules, wherein each molecule of the

first plurality of molecules binds to the patterned surface and comprises a reactive groun capable of
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¢} binding to a nucleoside, and wherein each molecule of the second plurality of

molecules binds to the patterned surface and lacks the reactive group capable of binding to the

nucleoside:

4 adding a droplet of fluid comprising an extension reaction reagent specific to a locus

wherein the extension reaction reagent comprises a nucleoside phosphoramidite;

¢} allowing sufficient time for an exiension reaction sten to occur: and

repeating steps {c) and () to synthesize the at Jeast 100,000 non-identical oligonucleic acids, wherein

each non-identical oliconucleic acid is at least 50 bases in length and is attached to the patterned

surface at a nredetermined locus, and wherein the synthesized at least 100,000 non-identical

olivonucleic acids encode sequences with an aggrecate error rate of less than 1 in 1000 bases

compared to the predetermined sequences, and wherein the patterned surface provides for the

agoregate error rate of less than 1 in 1000 bases.

1006541 In vet a further aspect. the present disclosure provides a device for svnthesizing

oligonucleic acids, the device comprising:

a silicon nlate having formed therein:

a nlurality of channels, wherein each channel extends vertically to a depth into of the

silicon plate from an opening on a top side of the silicon plate. and wherein each channel has a width

of 0.5 mm to 1.5 mm: and

for each channel. 50 to 500 microchannels in fuid communication with said channel,

wherein each microchannel extends vertically to a height from an opening on a bottom side of the

silicon plate to the channel wherein each microchannel has a width of 1 um to 100 v, and wherein

a ratio of width to height of each microchannel is from 1 to 0.1 and provides {for rapid exchange of

chemical exposure during de novo synthesis of oligonucleic acids.

065el In vet a further aspect, the vresent disclosure provides a device for nucleic acid assembly

comprising:

a)  a first plate, the first plate comprising:

a base laver of the first plate: and

one or more wells, wherein each well of the one or more wells comprises:

a side wall that extends vertically from the base laver:

an interior region of the well: and

an exterior region of the well, wherein the exterior region of the well

has a lower surface energy than the Interior region of the well: and

b)Y asecond plate, wherein the second plate comprises a plurality of clusters, wheremn

each cluster comprises a plurality of loci, wherein each locus comoprises a physically distinet region
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comprising molecules capable of binding to a nucleoside vhosphoramidite, and wherein each cluster

is vertically aliened to a single well of the one or more wells,

1006511 In vet a further aspect, the present disclosure provides an oligonucleic acid library

comprising at least 100,000 non-identical oligonucleic acids that collectively encode sequences for at

least 750 preselected genes, each preselected gene having a predetermined sequence, wherein each of

the at least 100,000 non-identical oliconucleic acids is svnthesized and comprises at least 30 bases in

length, and wherein the at least 100,000 non-identical oligonucleic acids encode sequences with an

aggregate error rate of less than 1 in 1000 bases compared to the predetermined sequences for the at

least 750 preselected genes,

[0065g, In vet a further aspect, the present disclosure provides A gene library, comprising a

collection of at least 750 preselected senes, each gene having a predetermined sequence, wherein

each of the at least 750 preselected genes is at least 0.5 kb leneth in length, wherein each preselected

gene is synthesized without correcting errors, and wherein the at least 750 preselected genes have an

aggregate error rate of less than 1 in 1000 bases compared to the predetermined sequences for the at

least 750 nreselected genes.

INCORPORATION BY REFERENCE
[0066] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or patent

application was specifically and individually indicated to be incorporated by reference.




WHAT IS CLAIMED IS:

1. A method of synthesizing nucleic acids, comprising:

a) providing predetermined sequences for at least 150 preselected nucleic
acids;

b) providing a structure comprising a surface, wherein the surface comprises

a plurality of loci, wherein each locus comprises a first plurality of molecules and is
adjacent to a region that comprises a second plurality of molecules, wherein each
molecule of the first plurality of molecules binds to the surface and comprises a reactive
group capable of binding to a nucleoside phosphoramidite, and wherein each molecule of
the second plurality of molecules binds to the surface and lacks the reactive group
capable of binding to the nucleoside phosphoramidite;
c) synthesizing at least 15,000 non-identical polynucleotides extending from
to the surface, wherein the at least 15,000 non-identical polynucleotides are each at least
50 bases long; and
d) assembling the at least 150 preselected nucleic acids, wherein the at least
150 preselected nucleic acids comprise sequences encoded by the at least 15,000 non-
identical polynucleotides, wherein the assembled at least 150 preselected nucleic acids
encode sequences with an aggregate error rate of less than 1 in 1500 bases compared to
the predetermined sequences without correcting errors in the at least 150 assembled
preselected nucleic acids.
2. The method of claim 1, wherein the first plurality of molecules comprises a
silane, siloxane, or N-(3-triethoxysilylpropyl)-4-hydroxybutyramide.
3. The method of claim 1, wherein the first plurality of molecules comprises 11-
acetoxyundecyltriethoxysilane, n-decyltriethoxysilane, (3-aminopropyl)trimethoxysilane, or (3-

aminopropyl)triethoxysilane.

4. The method of claim 1, wherein the second plurality of molecules comprises a
fluorosilane.

5. The method of claim 4, wherein the fluorosilane is (tridecafluorotetrahydrooctyl)-
triethoxysilane.
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6. The method of claim 1, wherein the at least 15,000 non-identical polynucleotides
attached to the surface are clustered, wherein each cluster is separated from another cluster by a
structural barrier on the surface, and wherein each cluster includes a subset of the at least 15,000
non-identical polynucleotides that collectively encodes for a single nucleic acid.

7. The method of claim 6, wherein each cluster comprises 50 to 500 loci.

8. The method of claim 7, wherein each locus is separated from another locus by a
structural barrier on the surface.

9. The method of claim 6, wherein each subset of the at least 15,000 non-identical
polynucleotides collectively encodes for a single nucleic acid and is located within a channel 1.0
to 1.5 mm in diameter.

10. The method of claim 1, comprising releasing the at least 15,000 non-identical
polynucleotides release from the surface after synthesis, wherein the at least 15,000 non-identical
polynucleotides are released and clustered, wherein each cluster includes a subset of the at least
15,000 non-identical polynucleotides, and wherein the subset of the at least 15,000 non-identical
nucleotides collectively encodes for a single nucleic acid.

11. The method of claim 1, comprising releasing the at least 15,000 non-identical

polynucleotides from the surface after synthesis, wherein the release is by gas cleavage.

12. The method of claim 1, wherein steps a) to d) are completed in less than one
week.

13. The method of claim 1, wherein steps a) to d) are completed in less than 48 hours.

14, The method of claim 1, wherein the assembled at least 150 preselected nucleic

acids are at least 1 kb long on average.
15. The method of claim 1, further comprising treating the assembled at least 150
preselected nucleic acids with an error correction enzyme.
16. A method of synthesizing nucleic acids, comprising:
a) providing predetermined sequences for at least 6,000 preselected nucleic acids;
b) providing a structure comprising a patterned surface, wherein the patterned
surface comprises predetermined regions coated with a first molecule, wherein the first
molecule comprises a silane, siloxane, or N-(3-triethoxysilylpropyl)-4-
hydroxybutyramide, and wherein each predetermined region coated with the first

molecule is surrounded by a region coated with a second molecule, wherein the second
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molecule binds to the patterned surface and lacks an available reactive group that binds to
a nucleoside phosphoramidite;

¢) synthesizing at least 800,000 of non-identical polynucleotides attached to the
patterned surface, wherein the at least 800,000 non-identical polynucleotides are each at
least 125 bases long and extend from the patterned surface at the predetermined regions
coated with the first molecule;

d) releasing the at least 800,000 non-identical polynucleotides from the patterned

surface;

¢) suspending the at least 800,000 non-identical polynucleotides in a solution; and

f) subjecting the solution comprising the at least 800,000 non-identical

polynucleotides to a polymerase chain assembly reaction to assemble the at least 6,000
preselected nucleic acids, wherein the assembled at least 6,000 preselected nucleic acids
encode sequences with an aggregate error rate of less than 1 in 1500 bases compared to
the predetermined sequences without correcting errors in the assembled at least 6,000
preselected nucleic acids, and wherein the patterned surface provides for the aggregate
error rate of less than 1 in 1500 bases.
17. A method for synthesizing a library of oligonucleic acids encoding for
predetermined sequences, the method comprising:

a) providing predetermined sequences for a library of at least 100,000 non-
identical oligonucleic acids;

b) providing a structure having a patterned surface comprising a plurality of
loci for oligonucleic acid extension, wherein each locus comprises a first
plurality of molecules and is adjacent to a region that comprises a second
plurality of molecules, wherein each molecule of the first plurality of
molecules binds to the patterned surface and comprises a reactive group
capable of binding to a nucleoside, and wherein each molecule of the
second plurality of molecules binds to the patterned surface and lacks the
reactive group capable of binding to the nucleoside;

c) adding a droplet of fluid comprising an extension reaction reagent specific
to a locus, wherein the extension reaction reagent comprises a nucleoside

‘phosphoramidite;
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d) allowing sufficient time for an extension reaction step to occur; and
e) repeating steps (c) and (d) to synthesize the at least 100,000 non-identical
oligonucleic acids, wherein each non-identical oligonucleic acid is at least
50 bases in length and is attached to the patterned surface at a
predetermined locus, and wherein the synthesized at least 100,000 non-
identical oligonucleic acids encode sequences with an aggregate error rate
of less than 1 in 1000 bases compared to the predetermined sequences, and
wherein the patterned surface provides for the aggregate error rate of less
than 1 in 1000 bases.
18.  The method of claim 17, wherein the first plurality of molecules comprises a
silane, siloxane, or N-(3-triethoxysilylpropyl)-4-hydroxybutyramide.
19.  The method of claim 17, wherein the first plurality of molecules comprises 11-

acetoxyundecyltriethoxysilane, n-decyltriethoxysilane, or (3-aminopropyl)trimethoxysilane.

20.  The method of claim 17, wherein the second plurality of molecules comprises a
fluorosilane.
21. The method of claim 20, wherein the fluorosilane is

(tridecafluorotetrahydrooctyl)-triethoxysilane.

22.  The method of claim 17, wherein each locus of the plurality of loci is separated
from another locus by a structural barrier of the patterned surface.

23. The method of claim 17, wherein steps (a) to (e) are completed in less than 1
month, 14 days, 7 days, or 2 days.

24. The method of claim 17, wherein each of the at least 100,000 non-identical
oligonucleic acids comprises a region which is complementary to another of the at Ieast 100,000
non-identical oligonucleic acids.

25.  The method of claim 17, wherein more than 90% of the synthesized at least
100,000 non-identical oligonucleic acids encode sequences with an aggregate error rate of less

than 1 in 1000 bases compared to the predetermined sequences.

26.  The method of claim 17, wherein each non-identical oligonucleic acid is at least
100 bases in length.
27. A device for synthesizing oligonucleic acids, the device comprising:

a silicon plate having formed therein:
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a plurality of channels, wherein each channel extends vertically to a depth
into of the silicon plate from an opening on a top side of the silicon plate, and
wherein each channel has a width of 0.5 mm to 1.5 mm; and

for each channel, 50 to 500 microchannels in fluid communication with
said channel, wherein each microchannel extends vertically to a height from an
opening on a bottom side of the silicon plate to the channel, wherein each
microchannel has a width of 1 um to 100 um, and wherein a ratio of width to
height of each microchannel is from 1 to 0.1 and provides for rapid exchange of
chemical exposure during de novo synthesis of oligonucleic acids.

28. The device of claim 27, comprising a first molecule, wherein the first molecule is
bound to an interior surface of each of the 50 to 500 microchannels, and wherein the first
molecule comprises a reactive group capable of binding a nucleoside phosphoramidite.

29, The device of claim 28, wherein the first molecule is 11-
acetoxyundecyltriethoxysilane, n-decyltriethoxysilane, (3-aminopropyl)trimethoxysilane, (3-
aminopropyl)triethoxysilane, or N-(3-triethoxysilylpropyl)-4-hydroxybutyramide.

30. The device of claim 28, wherein the first molecule is a silane.

31.  The device of claim 28, comprising a second molecule, wherein the second
molecule is bound to an interior surface of each channel of the plurality of channels and lacks a

reactive group capable of binding a nucleoside phosphoramidite.

32. The device of claim 31, wherein the second molecule is a fluorosilane.

33.  The device of claim 32, wherein the fluorosilane is (tridecafluorotetrahydrooctyl)-
triethoxysilane.

34.  The device of claim 27, wherein the plurality of channels comprises 2 to 250
channels.

35. The device of claim 27, wherein a total number of the microchannels in the

silicon plate is at least 30,000 microchannels.

36. The device of claim 27, wherein the ratio of width to height is 0.5, 0.2, or 0.1.

37.  The device of claim 27, wherein each channel of the plurality of channels has a
width of 1 mm to 1.5 mm.

38.  The device of claim 27, wherein each of the 50 to 500 microchannels has a height
of 10 um to 500 um.

-261 -



39. A device for nucleic acid assembly, comprising:
a) a first plate, the first plate comprising:
a base layer of the first plate; and
one or more wells, wherein each well of the one or more wells comprises:
a side wall that extends vertically from the base layer;
an interior region of the well; and
an exterior region of the well, wherein the exterior region of the
well has a lower surface energy than the interior region of the well;
and
b) asecond plate, wherein the second plate comprises a plurality of clusters,
wherein each cluster comprises a plurality of loci, wherein each locus
comprises a physically distinct region comprising molecules capable of
binding to a nucleoside phosphoramidite, and wherein each cluster is

vertically aligned to a single well of the one or more wells.

40. The device of claim 39, wherein the second plate is a silicon plate.
41. The device of claim 39, wherein the first plate is a silicon or plastic plate.
42. The device of claim 41, wherein the first plate further comprises an insulator layer

on top of the base layer, wherein the insulator layer comprises silicon dioxide.

43, The device of claim 39, wherein the side wall has a length from 0.1 to 0.6 mm,
and wherein the interior region of the well has a width from 0.8 to 2.0 mm.

44, The device of claim 39, wherein each well of the one or more wells comprises an
aqueous liquid, wherein the aqueous liquid has a surface tension from 12 to 80 millinewtons per
meter.

45.  The device of claim 39, wherein the width of the interior region of the well is 1.15
mm, and wherein the length of the side wall is 0.45 mm.

46. The device of claim 39, wherein the device further comprises an enclosure,
wherein the first plate and second plate are both within the enclosure.

47. The device of claim 39, wherein each well of the one or more wells comprises a
sealing means located at a distal end of the side wall of said well.

48. The device of claim 39, wherein the interior region of each well of the one or

more wells comprises a silane.
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49, The device of claim 48, wherein the silane is
methoxyethoxyundecyltrichlorosilane, methacryloxypropyltrimethoxysilane,
ethyltrimethoxysilane, propyltrimethoxysilane, trifluoropropyltrimethoxysilane, 3-(2-
aminoethyl)aminopropyltrimethoxysilane, p-tolyltrimethoxysilane, cyanoethyltrimethoxysilane,
aminopropyltriethoxysilane, acetoxypropyltrimethoxysilane, phenyltrimethoxysilane,
chloropropyltrimethoxysilane, mercaptopropyltrimethoxysilane, trichloro-octodecyl-silane,
methyltrimethoxysilane, butyl-aldehyde-trimethoxysilane,
heptadecafluorodecyltrimethoxysilane, or glycidoxypropyltrimethoxysilane.

50. The device of claim 39, wherein the exterior region of each well of the one or

more wells comprises a fluorosilane.

51.  The device of claim 50, wherein the fluorosilane is (tridecafluorotetrahydrooctyl)-
triethoxysilane.
52.  The device of claim 39, wherein each cluster of the plurality of clusters of the

second silicon plate has a lower surface energy than the interior region of each well the plurality

of wells of the first silicon plate.

53.  The device of claim 39, where each locus of the plurality of loci comprises a
microchannel.
54. An oligonucleic acid library, comprising at least 100,000 non-identical

oligonucleic acids that collectively encode sequences for at least 750 preselected genes, each
preselected gene having a predetermined sequence, wherein each of the at least 100,000 non-
identical oligonucleic acids is synthesized and comprises at least 30 bases in length, and wherein
the at least 100,000 non-identical oligonucleic acids encode sequences with an aggregate error
rate of less than 1 in 1000 bases compared to the predetermined sequences for the at least 750
preselected genes.

55. A gene library, comprising a collection of at least 750 preselected genes, each
gene having a predetermined sequence, wherein each of the at least 750 preselected genes is at
least 0.5 kb length in length, wherein each preselected gene is synthesized without correcting
errors, and wherein the at least 750 preselected genes have an aggregate error rate of less than 1

in 1000 bases compared to the predetermined sequences for the at least 750 preselected genes.
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CLAIMS
WHAT IS CLAIMED IS:

L. A gene library, comprising a collection of genes, wherein the collection compfises
at least 50 different preselected synthetic genes that are each of at least 0.5 kb length witlyan
error rate of less than 1 in 3000 bp compared to predetermined sequences comprising fhe genes.

2. A gene library, comprising a collection of genes, wherein the collectfon comprises
at least 50 different preselected synthetic genes that are each of at least 0.5 kb ledgth, wherein at
least 90% of the preselected synthetic genes comprise an error rate of less thas 1 in 3000 bp
compared to predetermined sequences comprising the genes.

3. The gene library according to claims 1 or 2, wherein at l€ast 90% of the
preselected synthetic genes comprise an error rate of less than 1 in 5000 bp compared to
predetermined sequences comprising the genes.

4. The gene library according to claims 1 or 2, whérein at least 0.05% of the
preselected synthetic genes are error free.

5. The gene library according to claims 1 or/2, wherein the collection comprises at
least 75 different preselected synthetic genes.

6. The gene library according to claims$ 1 or 2, wherein the collection comprises at
least 100 different preselected synthetic genes.

7. The gene library according to/claims 1 or 2, wherein the preselected synthetic
genes comprise a deletion rate of less thyi 1 in 3000 bp compared to predetermined sequences
comprising the genes. /

8. The gene library accerding to claims 1 or 2, further comprising at least 1000000
copies of each synthetic gene.,

9. The gene library according to claims 1 or 2, wherein the collection comprises at
least 500 genes.

10.  The geng’library according to claims 1 or 2, wherein the preselected synthetic
genes are at least 1k}

11. The€ gene library according to claims 1 or 2, wherein each of the synthetic genes
differ from any other synthetic gene by at least 1%.

12. /' The gene library according to claims 1 or 2, wherein the gene library is in a space
that is legs than 10 cm’,

13. A method of constructing a gene library, comprising:
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(@) entering before a first timepoint, in a computer readable non-transient
medium at least a first list of genes and a second list of genes, wherein the genes are at least 50
bp and wherein, when compiled into a joint list, the joint list comprises at least 100 genes;
(b) synthesizing more than 90% of the genes in the joint list before a
timepoint, thereby constructing a gene library with deliverable genes;
wherein the second timepoint is less than a month apart from the firgt timepoint.
14.  The method of claim 13, further comprising delivering at least op€ gene at a
second timepoint.
15.  The method of claim 13, wherein each of the genes differ from any other gene by
at least 1% in the gene library.
16.  The method of claim 13, wherein at least 90% of the deliverable genes comprise

an error rate of less than 1 in 3000 bp resulting in the generation gf a sequence that deviates from

the sequence of a gene in the joint list of genes.
17.  The method of claim 13, wherein the joint 1j8t comprises at least 500 genes.
18,  The method of claim 13, wherein the genés are at least 1kb.
19.  The method of claim 13, wherein the sécond timepoint is less than 5 days apart
from the first timepoint.
20.  The method of claim 13, whereid the second timepoint is less than 2 days apart
from the first timepoint.
21. A method of constructing /zi gene library, comprising:
(a) entering at a fir,f/timepoint, in a computer readable non-transient medium
a list of genes, wherein the list co f

500 bp;

rises at least 100 genes and wherein the genes are at least

(b) synthegizing more than 90% of the list of genes, thereby constructing a
gene library with deliverable genes; and
(©

timepoint is less thay’a month apart from the first timepoint.

livering the deliverable genes at a second timepoint, wherein the second

22. A fhethod of synthesizing n-mer oligonucleotides on a substrate, comprising:
a) providing a substrate with resolved loci that are functionalized with a
chemical mdiety suitable for nucleotide coupling; and

(b) coupling at least two building blocks to a plurality of growing

oligofucleotide chains each residing on one of the resolved loci at a rate of at least 10
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nucleotides per hour according to a locus specific predetermined sequence, thereby synthesizing
a plurality of oligonucleotides that are n basepairs long.
23.  The method of claim 22, further comprising coupling at least two building bloCks
to a plurality of growing oligonucleotide chains each residing on one of the resolved loci ¢ a rate
of at least 12 nucleotides per hour.
24,  The method of claim 22, further comprising coupling at least two buidding blocks
to a plurality of growing oligonucleotide chains each residing on one of the resol¥ed loci at a rate
of at least 15 nucleotides per hour.
25.  The method of claim 22, wherein at least one resolved locuy’comprises n-mer
oligonucleotides deviating from the locus specific predetermined sequepce with an error rate of
less than 1/500 bp.
26.  The method of claim 22, wherein the plurality of o}igonucleotides on the substrate
deviate from respective locus specific predetermined sequenceg’at an error rate of less than 1/500
bp..
27. The method of claim 22, wherein the building blocks comprise an adenine,
guanine, thymine, cytosine, or uridine group, or a modified nucleotide.

28. The method of claim 22, wherein n i$ at least 100.

29.  The method of claim 22, wherein/the substrate comprises at least 100 resolved
loci and wherein at least two of the plurality gf growing oligonucleotides are different from each
other. /

30.  The method of claim 22/ further comprising vacuum drying the substrate before
coupling.

31.  The method of clgim 22, wherein the building blocks comprise a blocking group.

32.  The method of£laim 31, wherein the blocking group comprises an acid-labile
DMT.

33. The met ’ d of claim 32, wherein the acid-labile DMT comprises 4,4'-
dimethoxytrityl.

34.  Th¢'method of claim 29, wherein the substrate comprises at least 1000 vias

providing fluid/ommunication between a first surface of the substrate and a second surface of

The method of claim 29, wherein the substrate comprises at least 10,000 vias
providing fluid communication between a first surface of the substrate and a second surface of

the/substrate.
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36. A method for synthesizing oligonucleotides on a substrate having a functionalized

surface, comprising:
(a) applying through at least one inkjet pump at least one drop of a first
reagent to a first locus of a plurality of loci;
(b) applying negative pressure to the substrate; and
(©) applying through at least one inkjet pump at least one drop of a second
reagent to the first locus.
37.  The method of claim 36, wherein the pressure surrounding the/substrate can be
reduced to less than 1 mTorr.
38. A method of constructing a gene library, comprising:
(a) entering at a first timepoint, in a computer regdable non-transient medium
a list of genes, wherein the list comprises at least 100 genes and

500 bp;

erein the genes are at least

(b) synthesizing more than 90% of the ligt of genes, thereby constructing a
gene library with deliverable genes;

(c) preparing a sequencing library that represents the gene library;

(d) obtaining sequence information;

(e) selecting at least a subseyof the deliverable genes based on the sequence
information; and

¢3) delivering the selef/{ed deliverable genes at a second timepoint, wherein
the second timepoint is less than a mo 1th apart from the first timepoint.

39.  The method of clainy¥38, wherein the second timepoint is less than 5 days apart

from the first timepoint.
40.  The method of/laim 38, wherein the second timepoint is less than 2 days apart
from the first timepoint.

41. A method of nucleic acid amplification, comprising:

providing a first adaptor that is hybridizable to at least one adaptor
hybridizatioh sequence on m of the n circularized single stranded nucleic acids;
(c) providing conditions suitable for extending the first adaptor using the m

ized single stranded nucleic acids as a template, thereby generating m single stranded
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amplicon nucleic acids, wherein each of the m single stranded amplicon nucleic acids comprises
a plurality of replicas of the target sequence from its template;

(d) providing a first auxiliary oligonucleotide that is hybridizable to the fiyst
adaptor; and

plurality of single stranded replicas of the target sequences in the m circularized gingle stranded
nucleic acids.

42. The method of claim 41, wherein n or m is at least 2.

43, The method of claim 41, wherein n or m is at least 25.

44, The method of claim 41, wherein m is less than n.

45.  The method of claim 41, wherein the sample com;/m‘lsing the n circularized single
stranded nucleic acid is formed by providing at least n linear sjrigle stranded nucleic acids, each
comprising one of the different target sequences and circularizing the n linear single stranded
nucleic acids, thereby generating the n circularized singlg’stranded nucleic acids.

46.  The method of claim 45, wherein the fifst adaptor is hybridizable to both ends of
the n linear single stranded nucleic acids concurre l/y

47.  The method of claim 45, wherein/'the different target sequences in the n linear
single stranded nucleic acids are flanked by @'first and a second adaptor hybridization sequence.

48.  The method of claim 45, wherein the at least n linear single stranded nucleic acids
are generated by de novo oligonucleotid), |

e synthesis.

49, The method of clainy47, wherein the first adaptor hybridization sequence in each

of the n linear single stranded nyéleic acids differ by no more than two nucleotide bases.

50. The method of/claim 47, wherein the first or the second adaptor hybridization
sequence 1s at least 5 nucledtides long.

51. The metjfod of claim 47, wherein the first or the second adaptor hybridization
sequence is at most 75 nucleotides long.

52.  Thé method of claim 46, wherein the ends of the n linear single stranded nucleic
acids pair with/adjacent bases on the first adaptor when the first adaptor is hybridized to the both
ends of the Minear single stranded nucleic acid concurrently.

The method of claim 41, wherein the Iocations of the plurality of cutting sites are
such ghat the adaptor hybridization sequence is severed from at least 5% of a remainder sequence

portion of the m circularized single stranded nucleic acid replicas.
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54,  The method of claim 41, wherein at least 5% of the sequence of the m
circularized single stranded nucleic acid replicas other than the at least one adaptor hybridizatig
sequence remains uncut,

55.  The method of claim 41, wherein the locations of the plurality of cutting sit€s are
outside the at least one adaptor hybridization sequence.

56.  The method of claim 41, wherein the locations of the plurality of cutting sites are
independent of the target sequences.

57.  The method of claim 41, wherein the locations of the plurality 0f cutting sites are
determined by at least one sequence element within the sequence of the first adaptor or the first
auxiliary oligonucleotide.

58.  The method of claim 57, wherein the sequence elemeyt comprises a recognition
site for a restriction endonuclease.

59.  The method of claim 41, wherein the first auxiliary oligonucleotide or the first
adaptor oligonucleotide comprises a recognition site for a Type IIS restriction endonuclease.

60. The method of claim 41, wherein the recggzjtion sites are at least 3 nucleotides
away from the cutting sites.

61.  The method of claim 41, wherein the plurality of cutting sites are at junctures of
single and double stranded nucleic acids.

62.  The method of claim 61, whefein the double stranded nucleic acids comprise the
first adaptor and the first auxiliary oligonucleotide.

63.  The method of claim 6}, wherein the single stranded nucleic acids consist
essentially of the m different target/Sequences.

64.  The method of cldim 63, wherein the m different target sequences have at most
95% pairwise similarity.

65. The method of claim 63, wherein the m different target sequences have at most
90% pairwise similarity’.

66.  The method of claim 63, wherein the m different target sequences have at most
80% pairwise sirgilarity.

67. he method of claim 63, wherein the m different target sequences have at most
50% pairwise similarity.

The method of claim 41, wherein generating the m single stranded amplicon

nuclgic acid comprises strand displacement amplification.
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69.  The method of claim 41, wherein the first auxiliary oligonucleotide comprises an

affinity tag.

70.  The method of claim 69, wherein the affinity tag comprises biotin or biotin
derivative.

71.  The method of claim 41, further comprising isolating double stranded nacleic

acids from the sample.
72.  The method of claim 71, wherein the isolating comprises affinity purification,
chromatography, or gel purification.
73.  The method of claim 41, wherein the first agent comprises A restriction
endonuclease.
74.  The method of claim 73, wherein the first agent compfises at least two restriction
endonucleases.
75.  The method of claim 73 or 74, wherein the first/agent comprises a Type IIS
restriction endonuclease.

76.  The method of claim 41, wherein the ﬁrstéent comprises a nicking

endonuclease.

77.  The method of claim 76, wherein thé first agent comprises at least two nicking
endonucleases.

78.  The method of claim 41, wherein the first agent comprises at least one enzyme

selected from the group consisting of Mlyl, Schl, Alwl, Becl, BeeAl, BsmAl, BsmFI, Fokl,
Hgal, Plel, SfaNI, BfuAl, Bsal, Bsle’;/BthL Earl, BspQI, Sapl, Sgel, BeeFl, BsIFI, BsoMAIL
Bst711, Fagl, Acelll, BbvIl, Bvel, lsgul, BfuClI, Dpnll, Fatl, Mbol, MIuCI, Sau3Al, Tsp5091,
BssKI, PspGI, StyD41, Tsp451, XoxI, BscFI, Bsp1431, BssMI, BseENII, BstMBI, Kzo91, NedlI,
Sse9l, Tasl, TspEIL Ajnl, Bst3Cl, EcoRIl, Maelll, NmuCl, Psp6l, Mnll, BspCNI, Bsrl, BtsCI,

EcoHI, Finl, Tsuly/'UbaF11I, Unbl, Vpak11AlI BspGl, Drdll, Pf111081, UbaPI, Nt.Alwl,
Nt.BsmAI Nt,BstNBI, and Nt.BspQL

79. The method of claim 74, wherein the at least two restriction enzymes comprise
Miyl angZ’BciVI or BfuCl and MlyL.
80.  The method of claim 41, further comprising:

(2) partitioning the sample into a plurality of fractions;
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(b)  providing at least one fraction with a second adaptor that is hybridizable to
at least one adaptor hybridization sequence on k of the n different circularized single stranded
nucleic acids;

(©) providing conditions suitable for extending the second adaptor usi
circularized single stranded nucleic acids as a template, thereby generating k single stranded
amplicon nucleic acids, wherein the second single stranded amplicon nucleic acid ¢édmprises a
plurality of replicas of the target sequence from its template;

(d) providing a second auxiliary oligonucleotide that is hypfridizable to the
second adaptor; and

e providing a second agent under conditions suitable for the agent to cut the
k single stranded amplicon nucleic acids at a second plurality of cuttihg sites, thereby generating
a plurality of single stranded replicas of the target sequences in thé k circularized single stranded
nucleic acids.

/
81.  The method of claim 80, wherein the first and the second adaptors are the same.

82.  The method of claim 80, wherein the firsy/and the second auxiliary

oligonucleotides are the same.
83.  The methof of claim 80, wherein tiyést and the second agents are the same.
84. The method of claim 80, whereig’ k + m is less than n.
85. The method of claim 80, wherein k is at least 2.

86.  The method of claim 41, wherein the sample comprising the n circularized single

stranded nucleic acid is formed by single stranded nucleic acid amplification.

87. The method of clai

86, wherein the single stranded nucleic acid amplification

comprises:

using the m ciytularized single stranded precursor nucleic acids as a template, thereby generating
m single stydnded precursor amplicon nucleic acids, wherein the single stranded amplicon
nucleic acid comprises a plurality of replicas of the m circularized single stranded precursor

nuclefc acid;
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(d)  providing a first precursor auxiliary oligonucleotide that is hybridizable to

the first precursor adaptor; and
(e) providing a first precursor agent under conditions suitable for the fir:
precursor agent to cut the first single stranded precursor amplicon nucleic acid at a pluralty of
cutting sites, thereby generating the m linear precursor nucleic acids.
88.  The method of claim 87, further comprising circularizing the m linear precursor
nucleic acids, thereby forming replicas of the m circularized single stranded pre€ursor nucleic
acids.
89.  The method of claim 87, wherein the m circularized single/tranded precursor
nucleic acid is amplified by at least 10-fold in single stranded replicas.
90, The method of claim 41, wherein at least one of the ¢ circularized single stranded
nucleic acids is at a concentration of 1 nM or less.
91.  The method of claims 45 or 88, wherein circulatizing comprises ligation.
92.  The method of claim 90, wherein ligation cofnprises the use of a ligase selected
from the group consisting of T4 DNA ligase, T3 DNA ljgase, T7 DNA ligase, e.coli DNA ligase,
Taq DNA ligase, and 9N DNA ligase.
93. A microfluidic device for nucleic agid synthesis, comprising a substantially planar

substrate portion comprising n groupings of m ghicrofluidic connections between opposite

surfaces,

wherein each one of the n¥m microfluidic connections comprises a first channel
and a second channel, /
wherein the first ch gel within each of the n groupings is common to all m
microfluidic connéctions,
wherein the plyrality of microfluidic connections span the substantially planar
substrate poftion along the smallest dimension of the substrate, and

wherein # and m are at least 2.

94. A sysgem for conducting a set of parallel reactions, comprising:

a first surface with a plurality of resolved loci;

a capping element with a plurality of resolved reactor caps;

wherein the system aligns the plurality of resolved reactor caps with the plurality
of resolved loci on the first surface forming a temporary seal between the first

surface and the capping element, thereby physically dividing the loci on the first
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surface into groups of at least two loci into a reactor associated with each reactor

cap, and wherein each reactor holds a first set of reagents.
95.  The system of claim 94, wherein the plurality of resolved loci is at a density 6f at

least 1 per mm?,
96. The system of claim 94, wherein upon release from the first surface, thé reactor
caps retain at least a portion of the first set of reagents.
97.  The system of claim 96, wherein the at least a portion is at least 30%.
98.  The system of claim 94, wherein the plurality of resolved locj/reside on
microstructures fabricated into a support surface.
99.  The system of claim 98, wherein the microstructures comprise at least two

channels in fluidic communication with each other.

100. The system of claim 99, wherein the at least two

with different width.

101.  The system of claim 99, wherein the at leasttwo channels comprise two channels
with different length.

102. The system of claim 99, wherein at least one of the channels is longer than 100
um.

103.  The system of claim 99, wherein/at least one of the channels is narrower than 100
pm in diameter.

104. The system of claim 94, f}lfther comprising a second surface with a plurality of
resolved loci at a density of at least 0.}/per mm?®.

105. The system of clair Z4, wherein the resolved loci of the first surface comprise a
coating of reagents.

106.  The system of £laim 104, wherein the resolved loci of the second surface
comprise a coating of reaggnts.

107.  The systgi of claim 105 or 106, wherein the coating of reagents comprises
oligonucleotides.

108. The system of claim 107, wherein the coating of reagents has a surface area of at
least 1 pm? pey/1.0 um® of planar surface area.

109,/ The system of claim 94, wherein the plurality of resolved loci comprise a nominal
arclengtl/of the perimeter of a density of at least 0.001 pm / square um.

110. The system of claim 94, wherein the plurality of resolved loci of the first surface

copprise a high energy surface corresponding to a water contact angle of less than 20 degree.
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111.  An array of enclosures, comprising:
(a) a plurality of resolved reactors comprising a first substrate and a second
substrate comprising reactor caps; and
(b) at least 2 resolved loci in each reactor;
wherein the resolved reactors are separated with a releasable seal and wherein the
reactor caps retain at least a part of the contents of the reactors upon/release of the
second substrate from the first substrate.
112. A method of conducting a set of parallel reactions, comprising:
(a) providing a first surface with a plurality of resolved/loci;
(b) providing a capping element with a plurality of yésolved reactor caps;
() aligning the plurality of resolved reactor caps/with the plurality of
resolved loci on the first surface and forming a temporary seal between the first surface and the
capping element, thereby physically dividing the loci on the first surface into groups of at least
two loci;
(d) performing a first reaction, therey/forming a first set of reagents; and
(e) releasing the capping element from the first surface, wherein each reactor
cap retains at least a portion of the first set of reagénts in a first reaction volume.
113. The method of claim 112, furthef comprising:
(a) providing a second s;é:e with a plurality of resolved loci;
(b) aligning the pluray/y of resolved reactor caps with the plurality of

s .
resolved loci on the second surface and forming a temporary seal between the second surface and

the capping element, thereby physigally dividing the loci on the second surface;

density of gf least 0.1 per mm? on the capping element.
6. The method of claim 113, wherein the releasing in steps e) and 1) are performed at

a différent velocity.
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117. The method of claim 112, wherein the resolved loci of the first surface comprise

coating of reagents for the first reaction.

118. The method of claim 112, wherein the resolved loci of the second surface
comprise a coating of reagents for the second reaction.

119. The method of claim 112, wherein the coating of reagents comprises
oligonucleotides.

120. The method of claim 119, wherein the coatings of reagents has g/surface area of at
least 1 pm” per 1.0 pm? of planar surface area.
121. The method of claim 112, wherein the oligonucleotides arg at least 25 bp.

122. The method of claim 112, wherein the resolved loci of the first surface comprise a

high energy surface corresponding to a water contact angle of less than 20 degree..

123. A substrate having a functionalized surface, compfising:

(a) a solid support having a plurality of resolved loci, wherein the resolved
loci are functionalized with a moiety that increases the surface energy of the solid support,
wherein the resolved loci are localized on microchannels.

124, The substrate of claim 123, wherein the moiety is a chemically inert moiety.

125.  The substrate of claim 123, wherein the microchannels comprise a volume of less
than 1 nl.

126. The substrate of claim 123, wherein the microchannels comprise a density of the
nominal arclength of the perimeter of at/léast 0.01 pm / square pm. ‘

127. The substrate of claim 123, wherein the microchannels comprise a density of the
nominal arclength of the perimeter/0f at least 0.001 pm / square um.

128.  The substrate of glaim 123, wherein the functionalized surface comprises a
nominal surface area of at legét 1 um? per 1.0 um® of planar surface area of the substrate.

129.  The substrate of claim 123, wherein at least one of the microchannels is longer
than 100 um.

130. A method of depositing reagents to a plurality of resolved loci, comprising

( applying through an inkjet pump at least one drop of a first reagent to a
first locus of te plurality of loci;

(b) applying through an inkjet pump at least one drop of a second reagent to a

second Jécus of the plurality of resolved loci, wherein the second locus is adjacent to the first
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wherein the first and second reagents are different, wherein the first and second

loci reside on microstructures fabricated into a support surface and wherein the
microstructures comprise at least one channel that is more than 100 pm deepy/
131.  The method of claim 130, wherein the microstructures comprise at least two
channels in fluidic communication with each other.
132. The method of claim 131, wherein the at least two channels comprige two
channels with different width.
133.  The method of claim 131, wherein the at least two channels cgmprise two
channels with different length.
134, The method of claim 130, wherein the first locus receivgs less than 0.1% of the
second reagent and wherein the second locus receives less than 0.1% of the first reagent.
135.  The method of claim 130, wherein the plurality of'resolved loci are at a density of

at least 1/mm”.

136.  The method of claim 130, wherein the plurality of resolved loci are at a density of
at least 100/mm”.
137.  The method of claim 130, wherein the’volume of the drop is at least 2 pl.
138.  The method of claim 130, wherein the volume of the drop is about 40 pl.

139.  The method of claim 130, whergin the volume of the drop is at most 100 pl.
140. A microfluidic system, com}gxéng:
(a) a first surface wityé plurality of microwells; and
g
(b) a droplet inside/One of the plurality of microwells;
wherein the droplet inside one of the plurality of microwells has a Reynolds
number at a rangg of about 1-1000.
141.  The microfluidic system of claim 140, wherein the microwell is longer than 100
pm.
142, The migfofluidic system of claim 140, wherein the volume of the droplet is at
least 2 pl.
143.  The microfluidic system of claim 140, wherein the droplet comprises a reagent
that enables o}igonucleotide synthesis.
144/ The microfluidic system of claim 143, wherein the reagent is a nucleotide or

nucleotide analog.

145. A method of depositing droplets to a plurality of microwells, comprising
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applying through an inkjet pump at least one droplet to a first

plurality of microwells;
wherein the droplet inside one of the plurality of microwels has a Reynolds
number at a range of about 1-1000.
146. A method of partitioning, comprising
(2) contacting a first surface comprising a ligyid at a first plurality of resolved
loci with a second surface comprising a second plurality of regolved loci, wherein the first
surface comprises a first surface tension with the liquid, thé second surface comprises a second
surface tension with the liquid;
(b)  determining a velocity of relegse such that a desired fraction of the liquid
is transferred from the first plurality of resolved lgti to the second plurality of resolved loci; and
(c) detaching the second suypface from the first surface at said velocity.
147.  The method of claim 146, wherein the surface tension of the first surface
corresponds to a water contact angle of lgss than 20 degree.
148. The method of claim 146, wherein the surface tension of the second surface
corresponds to a water contact angf of more than 90 degree.
149. A method of mixing, comprising:
(a) providing a first substrate comprising a plurality of microstructures
fabricated thereto;

(b) ;3/6viding a second substrate comprising a plurality of resolved reactor

aligning the first and second substrates such that a first reactor cap of the

igured to receive liquid from n microstructures in the first substrate; and
(d) delivering liquid from the n microstructures into the first reactor cap,
thereby mixing liquid from the n microstructures forming a mixture.
150. The method of claim 149, wherein n is at least 10.
151. A method of nucleic acid amplification, comprising:
(a) providing a sample comprising n circularized single stranded nucleic
acids, each comprising a different target sequence;
(b) providing a first adaptor that is hybridizable to at least one adaptor
hybridization sequence on m of the n circularized single stranded nucleic acids;
© providing conditions suitable for extending the first adaptor using the m

circularized single stranded nucleic acids as a template, thereby generating m single stranded
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amplicon nucleic acids, wherein each of the m single stranded amplicon nucleic acids comprises

a plurality of replicas of the target sequence from its template;
d generating double stranded recognition sites for a first agent on the
single stranded amplicon nucleic acids; and
(e) providing the first agent under conditions suitable for the first ggent to cut
the m single stranded amplicon nucleic acids at a plurality of cutting sites, thereby/generating a
plurality of single stranded replicas of the target sequences in the m circularized’single stranded

nucleic acids.

152.  The method of claim 151, wherein the double stranded recdgnition sites comprise

a first portion of the first adaptor on a first strand of the double strand

recognition sites and a
second strand of the first adaptor on the second strand of the double/stranded recognition sites.
153. The method of claim 152, wherein the adaptor cofprises a palindromic sequence.
154, The method of claim 152, wherein the double gtranded recognition sites are
generated by hybridizing the first and second portions of the first adaptor to each other.
155. The method of claim 151, wherein the nmy'single stranded amplicon nucleic acids
comprise a plurality of double stranded self-hybridi
156. A method for generating a long nugleic acid molecule, the method comprising the
steps of:
(a) providing a plurality gf nucleic acids immobilized on a surface, wherein
said plurality of nucleic acids comprises/riuc]eic acids having overlapping complementary
sequences; /
(b) releasing sa'(/plurality of nucleic acids into solution; and
(©) providing’conditions promoting:
(i) /hybridization of said overlapping complementary sequences to
form a plurality of hybridized nucleic acids; and

ii)  extension or ligation of said hybridized nucleic acids to synthesize

molecule.

-271-




