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COMPOSITIONS AND METHODS FOR TEMPLATE-FREE GEOMETRIC
ENZYMATIC NUCLEIC ACID SYNTHESIS

CROSS-REFERENCE TO RELATED APPLICATIONS
{81} This application claims prionty to and the benefit of U.S. Provisional Application No.
62/792 341, filed January 14, 2019, the content of which 1s tncorporated herein by reference

m its entirety.

SEQUENCE LISTING
{02} The instant application contains a Sequence Listing which has been submitted in
ASCH format and 1s hereby mcorporated by reference n its entirety.  Said ASCH copy,
created on January 9, 2020, 15 named “DNWR-006 _001WO Seqlisttxt™ and s 17.7 KB

size.

FIELD OF THE DISCLOSURE
1831 The present disclosure provides compositions and methods for template-free

geometne enzymatic nucleic acid synthesis of arbitranly progranuned sequence.

BACKGROUND
184}  Over the last decade there has been an increase in demand for synthetic DNA
molecules, which are used in a range of molecular biology applications. This increase has, in
part, been driven by advances in DNA sequencing technology. However, while there have
been significant developments in DNA sequencing technology, DNA synthesis technology
has not progressed at a comparable pace and consequently the state of the art technology does
not satisty the current market needs. The present disclosure provides compositions and
methods for template-free geometric enzymatic DNA synthesis that provide a solution to the
uninet need in the art for the production of long, crror-fiee, inexpensive DNA sequences
having the superior accuracy and speed of synthesis demonstrated by the compositions and

methods of the present disclosure.

SUMMARY
{08}  The present disclosurc provides a composition comprising a nucleic acid (NA)
sequence capable of participating in geometric synthesis or parallel synthesis reactions,

wheretn the mucleic acid comprises an arbitrary length. In some aspects of the compositions
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of the disclosure, including those comprising a plurality of NA sequences, cach NA sequence
of the plurality of NA sequences comprises or consists of a 3-nuclectide oligonucleotide (3 3-
mer}, a 4-nucleotide oligonucicotide {a 4-mer), or a S-nucleotide oligonucieotide {a 5-mer).
In some aspects, each NA sequence of the plurality of NA sequences comprises or consists of
a 3-mer and wherein the plurality of NA sequences comprises 64 unigue NA sequences. In
some aspects, cach NA sequence of the plurality of NA sequences comprises or consists of a
4-raer and wherein the plurality of NA sequences comprises 256 unique NA sequences. fn
some aspects, cach NA sequence of the plurality of NA sequences comprises or consists of a
5-mer and wherein the plurality of NA scquences comprises 1024 umique NA sequenees. In
some aspects, the plurality of NA sequences comprises or consists of cach unique 3~-mer NA
sequence, each unique 4~-mer NA sequence and cach unique 5-mer NA sequence, and the
plurality of NA sequences comprises 1344 unigque NA sequences.

186]  In some aspects of the compositions of the disclosure, each NA sequence of the
plurality of NA sequences comprises a monophosphate at a 3" end or at a 57 end of the NA
sequence. In some aspects, each NA sequence of the plurality of NA sequences comprises a
monophosphate at a 37 end and at a 57 end of the NA sequence.

{07} In some aspecis of the compositions of the disclosure, cach NA sequence of the
plurality of NA sequences is 57 adenvlated.

188} In some aspects of the compositions of the disclosure, each NA sequence of the
plurality of NA sequences comprises a hydroxyl group at a3’ end or at 2 5” end of the NA
sequence. fn some aspects, each NA sequence of the plurality of NA sequences comprises a
hydroxyl group at 2 37 end and at a 57 end of the NA sequence.

1881  In some aspects of the compositions of the disclosure, cach NA sequence of the
plurality of NA sequences comprises a photo-convertible blocking group ata 3 end orata 5
end of the NA sequence. In some aspects, each NA sequence of the plurality of NA
sequences comprises a photo-convertible blocking group ata 3’ end and at 2 57 end of the NA
sequence.

[018]  In some aspects of the compositions of the disclosure, cach NA sequence of the
plurality of NA sequences comprises an O-Z-nitrobenzyl blocking ata 3" end orata 5" end of
the NA sequence. In some aspects, cach NA sequence of the plarality of NA sequences
compnses an {-2-nitrobenzyl blocking at a 3” end and at a 5™ end of the NA sequence.

[611] In some aspecis of the compositions of the disclosure, cach NA sequence of the

plurality of NA sequences comprises a triphosphate at a 3 end of the NA sequence.
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[812] In some aspects of the compositions of the disclosure, at least one NA sequence of the
plurality of NA sequences, a portion of the NA sequences of the plurality of NA sequences or
cach NA sequence of the plurality of NA sequences comprises a xenonucleic acid (XNA}. In
some aspects, at least one NA sequence of the plurality of NA sequences, a portion of the NA
sequences of the plurality of NA sequences or each NA sequence of the plarality of NA
sequenages comprises a xenonucieic actd (XNA) and a deoxyribonucleic acid {DNAY or a
ribonucleic acid (RNA}.

[613] In some aspects of the compositions of the disclosure, at least one NA sequence of the
plurality of NA sequences, a portion of the NA sequences of the plurality of NA sequences or
cach NA sequence of the plurality of NA scquences consists of a xenonucleic acid {(XNA}Y.
[314] In some aspects of the compositions of the disclosure, the XNA comprises a
morpholino, a peptide nucleic acid (PNA), 8 27-0-methyl RNA, a 27 -fluorcarabino nucleic
acid (FANA}, a locked nucleic acid (LNA), a 1, 5-dianhydrohexitol (HNA}, a cyclchexene
nucleic acid (CeMA), a threose nucleic acid (TNA), a glyeol nucleic acid (GNA) or any
combination thercof,

[815] In some aspects of the compositions of the disclosure, mchuding those in which at
least one NA sequence of the plurality of NA sequences, a portion of the NA sequences of the
plurality of NA sequences or cach NA sequence of the plurality of NA sequences comprises
or consists of an XNA, the XNA comprises a nucleic acid analog. In some aspects, the XNA
comprises a modified nucleic acid. In some aspects, the XNA cormprises a non-naturally
occurning nucleic acid. In some aspects, the XNA comprises a synthetic nucleic acid. In some
aspects, the XNA comprises a locked nucleic acid (LNA). In some aspects, the XNA
comprises a detectable label. In some aspects, the label comprises a fluorophore, a
chromaphore or a radicisotope. In some aspects, the label comprises a fluorophore. In some
aspects, the fluorophore 1s Cy2, Cv3, Cy3, or an Alexa fluorophore; for example, 488, 568,
555,647, 708.. In some aspects, at least one NA sequence of the plurality of NA sequences, a
portion of the NA sequences of the plurality of NA sequences or each NA sequence of the
plurality of NA sequences comprises a chimeric sequence.

[816] The disclosure provides a composition compnising a nucleic acid sequence comprising
an anchor primer sequence, wherein the anchor primer sequence comprises a nucleic acid
sequence comprising a spacer and a motety and wherein the spacer and the moiety attach the
anchor pruner sequence to a solid support at a first end, and a release element, wherein the
release element comprises at least one nucleic acid sequence that facilitates release of a distal

sequense at a second end, wherein the distal sequence is located 37 of the release element. In
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some aspects, the motety 1s positioned at a §” end of the anchor primer sequence orata §7
end of the nucleic acid sequence. In some aspects, the moiety is positioned at a 3” end of the
anchor primer sequence or at a 37 end of the nucleic acid sequence. In some aspects, the
moiety allows direct covalent attachment of the anchor primer sequence to the sohid support.
In some aspects, the moiety allows indirect or non-covalent attachment of the anchor primer
sequenae 1o the solid support. In some aspects, the moiety comprises an azide. In some
aspects, the moicty comprises an alkyne. In some aspects, the moicty comprises a
dibenzocyclooctvone (DBCO). In some aspects, the moiety comprises a biotin. In some
aspects, the spacer comprises a polyethylene glycol (PEG). In some aspects, the release
clement or the distal sequence comprises a deoxvundine. In some aspects, the release element
or the distal sequence comprises a penultimate deoxyinosine at a 5™ end of the release
element, the distal sequence or the nucleic acid sequence. In some aspects, the release
clement or the distal sequence comprises an abasic deoxyribose. In some aspects, the release
clement or the distal sequence comprises a Tvpe U $ endonuclease site, an offsct cutier
endonuclease site, or a restriction endonuclease site. In some aspects, the release element or
the distal sequence comprises a restriction endonuclease site. In some aspects, the release
clement or the distal sequence comprises a Mivl restriction endonuclease site. In some
aspects, the release element or the distal sequence comprises a sequence capable be being
cleaved by a single-stranded specific Cas9 endonuclease.

1817)  In some aspects of the compositions of the disclosure, the anchor primer sequence or
the nucleic acid sequence comprising the anchor primer sequence has minimal secondary
structure. In some aspects, the anchor primer sequence comprises a long homopolymeric tract
or a simple bi-polvmeric tract. In some aspects, the e anchor primer seguence comprises a
long bi-polvmeric tract compnsing a form {CTin. In some aspects, N can be about 1, about
2, about 3, about 4, about 5, about 6, about 7, about 8, about 9. about 10, about 15, about 20,
about 25, about 30, about 35, about 40, abowut 43, about 50, about 55, about 60, about 65,
about 70, about 75, about 80, about 85, about 90, about 95, about 100, about 200, about 500,
or about 1000,

[618] In some aspects of the compositions of the disclosure, the composition comprises a
plurality of nucleic acid sequences comprising an anchor primer sequence or a plurality of
anchor primer sequences, wherein at least one mucleic acid sequence of the plurality of
nucleic acid sequences or at least one anchor primer sequence of the plurality of anchor
primer sequences comprises a NA sequence or an N-mer of the disclosure. In some aspects,

sach nucleic acid sequence of the plurality of nucleic acid sequences or each anchor primer
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sequence of the plurality of anchor primer sequences comprises a NA sequence or an N-mer
of the composition. In some aspects, the anchor primer sequence of the at least one nucleotide
sequence or of each nucleotide of the plurality of nucleic acid sequences comprnsing an
anchor primer sequence has been extended to comprise the NA sequence or an N-mer of the
disclosure. In some aspects, the at least one anchor primer sequence or each anchor primer
sequenee of the plarality of anchor primer sequences has been extended to comprise the NA
sequence or an N-mer of the disclosure. In some aspects, the composition comprises a
plurality of 64, 256, 1024 or 1344 unique nucleic acid sequences. In some aspects, the
composition comprises a phurality of 64, 256, 1024 or 1344 anique nucleic acid sequences. In
some aspects, cach unique nucleic acid sequence comprises a monophosphate ata 3” end or at
a5’ end. In some aspects, the each unique nucleic acid sequence comprises a hydroxyl group
ata3 endorata’ end.

1019 The disclosure provides a composition comprising a solid support for the attachment
of an anchor primer scquence or a plurality of anchor primer sequences. In some aspects, the
solid support comprnises a plurality of monodispersed beads. In some aspects, each of the
plurality of monodispersed beads comprise polvacrvlamide. In some aspects, each of the
plurality of monodispersed beads comprise agarose. In some aspects, cach of the plurality of
monodispersed beads comprise polystyrene. In some aspects, each of the plurality of
monodispersed beads comprise ferromagnetic particles. In some aspects, the solid support
comprises a well or chamber. In some aspects, the solid support comprises a phirality of wellg
or chambers. In some aspects, the plurality of wells comprises a nwlti-well plate. fn some
aspects, the solid support comprises a glass. In some aspects, the solid support comprises a
glass slide. In some aspects, the solid support comprises a quartz. In some aspects, the solid
support comprises a quariz shide. In some aspects, the solid support comprises a polystyrene.
In some aspects, the solid support comprises a polystyrene shde. In some aspects, the sohid
support comprises a coating and wherein the coating prevents non-specific binding of
unwanted proteins, unwanted nucleic acids or other unwanted biomolecules. In some aspects,
the coating comprises polycthvlene glyveol (PEG). In some aspects, the coating comprises
tricthviene glveol (TEG).

[020] The disclosure provides a composition comprising an enzyme, one Of more reaction
components and specific N-mer substrates, wherein each N-mer substrate 1s capable of one
and only one unit extension from either a2 3” end or 3” end of an anchor primer in a geometric
NA svnthesis reaction. In some aspects, the one or more reaction components comprise

potassium acetate, tris-acetate, magnesiun: acetate or bovine serum albumin. In some aspects,
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the one or more reaction components comprise polvethylene glveol 8000, hexamine cobalt
chloride or adenosing triphosphate. In some aspects, the enzyme is selected from the group
consisting of a ribozyme, a T4 RNA ligase, a T4 DNA ligase, a calf intestinal alkaline
phosphatase, a shrimp alkaline phosphatase, a Klenow large fragment (37-57 exonuclease), a
lambda exonuclease {(57-3° exonuclease}, a polynucleotide kinase, a terminal
deoxynuclectidyl transferase (TdT), a BNA polvmerase theta, an endonuclease V, an uracil
DNA glvcosylase, an endonuclease VIIL, a 537 deadenvlase or a transposase. In some aspects,
the enzyme 1% a ribozyme. In some aspects, the {ransposase 1s a piggyBac transposase, a
sleeping beauty transposase, or a Tn10 transposase. In some aspects, the enzyvme comprises a
mutation or a sequence varniation having a desired new or a selectively chminated activity.
[821] In some aspects of the compositions of the disclosure, an anchor primer comprises an
XNA. In some aspects, an anchor primer comprises an XNA and a DNA or an RNA.

1022] In some aspects of the compositions of the disclosure, an anchor primer congists of
XNAs.

[823] The disclosure provides a composition comprising any nucleic acid sequence derived
from 3’ extension geometric synthesis, 537 extension geometric synthesis, 37 extension parallel
synthesis or 373 co-synthesis.

[024] ¢ disclosure provides a composition, wherein each NA sequence of arbitrary length
capable of participating in geometric synthesis or parallel synthesis reactions comprises
DNA, RNA or a combimation thereof. In some aspects, the NA sequence compnises a 5’
terminal base that is a DNA base and a 37 terminal base that is an RNA base. In some aspects,
etther or both the 57 and 3” termmal nucleotides of each NA sequence possesses a reversible
dimethoxytrityl-phosphate group. In some aspects, each NA sequence possesses an arbitrary
number of DNA or RNA nuclectides in an arbitrary order,

[025] ¢ disclosure provides a vector comprising a composition of the disclosure. In some
aspects, the vector further comprises a 57 inverted ternnal repeat (ITR}and a 3" TR In
some aspects, from 57 to 3, the vector comprises the 57 I'TR, a least one N-mer sequence, and
the 3” I'TR. In some aspects, the vector further comprises a selectable marker. In some
aspects, the selectable marker comprise a sequence encoding an antibiotic resistance gene. In
some aspects, the sequence encoding an antibiotic resistance gene COMPrises a squence
encoding an ampicillin resistance gene.

[026] The disclosure provides a compostition comprising a vector of the disclosure.

[627] ¢ disclosure provides a method comprising: a} contacting at least one first plurabity

of solid supports and at least one first plurality of anchor primers, under conditions that allow
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for the attachment of 2 37 terminus of at least one anchor primer of the at least one first
plurality of anchor primers to at least one sohid support of the at least one first plurality of
solid supports to produce at least one first anchor primer-substrate complex; b} contacting the
at Jeast one first anchor primer-substrate complex and at least one first plurabity of N-mers
under conditions that append a 37 terminus of at least one N-mer of the at least one first
plurality of N-mers to a 5 terminus of the at least one first anchor primer-substrate to
produce at least one first extended anchor primer-substrate complex; ¢) contacting the at least
one first extended anchor primer-substrate complex and at least one second plurality of N-
mers under conditions that append a 37 terminus of at least one N-Mer of the at least one
second plurality of N-mers to a 5™ termunus of the at least one first extended anchor primer-
substrate complex to produce at feast one tirst donor complex; d) contacting at least one
second plurality of solid supports and at least one second plurabity of anchor primers, under
conditions that allow for the attachment of a 37 {erminus of at lcast onc anchor primer of the
at least one second plurality of anchor primers to at Ieast one solid support of the at least one
second plurality of solid supports to produce at least one second anchor prnimer-substrate
complex; ¢) contacting the at least one second anchor primer-substrate complex and at least
one third plurality of N-mers under conditions that append a 37 terminus of at least one N-
mer of the at least one third plurality of N-mers to a 37 terminus of the at least one second
anchor primer-substrate to produce at least one second extended anchor primer-substrate
complex; {) contacting the at least one second extended anchor primer-substrate complex and
at least one fourth plurality of N-mers under conditions that append a 3™ torminus of at least
one N-mer of the at least one fourth plurality of N-mers to a 37 terminus of the at least one
second extended anchor primer-substrate complex to produce at least one first target
complex; g) releasing at least one composition comprising the at least one N-mer of the at
cast one first plurality of N-mers and the at least one N-mer of the at least one second
plurality of N-mers from the at least one first donor complex to produce at least one released
mtermediate complex; and b} contacting the at least one first target complex and the at least
one released intermediate complex under conditions that append a 37 terminus of the at least
ong released intermediate complex to a 37 terminus of the at jeast one target complex o
produce at least one first extended target complex.

{028] In some aspects of the methods of the disclosure, appending comprises ¢nzymatic
ligation under conditions that allow for ligase activity. In some aspects, appending comprises
Ligation that 1s not enzymatic. In some aspects, the enzymatic ligation comprises T4 RNA

ligase activity.



WO 2020/150143 PCT/US2020/013331

1829] In some aspects of the methods of the disclosure, the method further comprises, after
the production of the at least one first anchor primer-substrate complex, removing at least one
unattached anchor primer.

[338] In some aspects of the methods of the disclosure, the method further comprises, prior
to removing the at feast one unattached anchor primer, de-adenylating the at least one first
anchor primer-substrate complex.

1031] In some aspects of the methods of the disclosure, the method further comprises, after
the production of the at least one second anchor primer-substrate complex, removing
unattached anchor primers.

[332] In some aspects of the methods of the disclosure, the method further comprises, prior
to removing the at least one unattached anchor primer, de-adenyiating the at least one second
anchor primer-substrate complex.

1333] In some aspects of the methods of the disclosure, removing the at least one unattached
anchor primer comprises an exonuclease activity. {o some aspects, the exonuclease comprises
a5 1o 37 specific exonuclease. In some aspects, the 57 1o 37 exonuclease cannot digest
nucleic acid molecules comprising a 57 OH group.

[634] In some aspecis of the methods of the disclosure, the method further comprises, after
production of the at least one first extended anchor primer-substrate complex, removing at
least one un-appended N-mer.

1335]  In some aspects of the methods of the disclosure, the method further comprisgs, prior
to removing the at least onc un-appended N-mer, de-adenylating the at least onc first
extended anchor primer-substrate complex.

1836] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one first donor complex, removing at least one un-appended N-mer.
[337] In some aspects of the methods of the disclosure, the method further comprises, prior
to removing the at feast one un-appended N-mer, de-adenviating the at least one first donor
complex.

1038] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one second extended anchor primer-substrate complex, removing at
least one un-appended N-mer.

1839] In some aspects of the methods of the disclosure, the method further comprises, prior
to reraoving the at least one un-appended N-mer, de-adenvlating the at least one second

extended anchor primer-substrate complex.
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1840] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one first target complex, removing at least onc un-appended N-mer.
[041] In some aspects of the methods of the disclosure, the method further comprises, prior
to removing the at least one un-appended N-mer, de-adenviating the at least one first target
complex.

1342] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one first extended target complex, removing at least one un-
appended N-mer.

1843] In some aspects of the methods of the disclosure, the method further comprises, prior
to removing the at least one un-appended N-mer, de-adenyiating the at least one first
extended target complex.

[344] In some aspects of the methods of the disclosure, removing the at least one un-
appended N-mer comprises an exonuclease activity. In some aspects, the exonuclease
comprises a 37 10 3 specific exonuclease. In some aspects, the 37 to 3 exonuclease cannot
digest nucleic acid molecules comprising a 5° OH group. In some aspects, the 5™ to 37
exonuclease comprises a lambda exonuclease, a XRN-1 exonuclease or a combination
thercof.

In some aspects of the methods of the disclosure, de-adenylating comprises an enzymatic
activity. In some aspects, the enzymatic activity comprises a deadenylase activity. In some
aspects, the deadenylase comprises a 8 cerevisiae 5 deadenylase.

[045] In some aspects of the methods of the disclosure, de-adenylating comprises a non-
enzymaiic activity .

[846] In some aspects of the methods of the disclosure, the at least one first plurality of N-
mers, the at least one second plurality of N-mers, the at least one third plarality of N-mers,
the at least one fourth plurality of N-mers or any combination thercof comprise(s) at least one
N-mer comprising an OH group at the 37 terminus and the 37 terminas of the N-mer.

1847] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one first extended anchor primer-substrate complex and before
contacting the at least one first exiended anchor primer-substrate complex with at least one
second plurality of N-mers, appending a POy group to the 57 end of at least one N-mer of the
at least one first plurality of N-mers.

[048] In some aspecis of the methods of the disclosure, the method further comprises, after
producing the at least one second extended anchor primer-substrate complex and before

contacting the at least one second extended anchor pnmer-sobstrate complex and at least one
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fourth plurality of N-mers, appending a PO4 group to the 57 end of at least one N-mer of the
at least one third plurality of N-mers.

[049] In some aspects of the methods of the disclosure, the method further comprises, prior
to contacting the at ieast one first target complex and the at least one released infermediate
complex, appending a P4 group to the 5 end of at least one N-mer of the at least one fourth
plurality of N-mers.

[050] In some aspects of the methods of the disclosure, appending a PO group comprises
enzymatic phosphorvlation. In some aspects, the enzyvmatic phosphorylation comprises T4
polvnuclestide kinase activity .

[051] In some aspects of the methods of the disclosure, appending a PO4 group comprises
non-enzymatic phosphorylation.

[852] In some aspects of the methods of the disclosure, releasing the at least one
composition occurs under conditions that preserve the OH group at the 37 terminus and the
OH group at the 57 terminus of the at least ong N-mer.

[653] In some aspects of the methods of the disclosure, the at least one first plurality of N-
mers, the at least one second plurality of N-mers, the at least one third plarality of N-mers,
the at least one fourth plurality of N-mers or any combination thercof comprise(s) at least one
N-mer comprising an OH group at the 37 terminus and a PG4 group at the 57 termanus of the
Nemer.

1854] In some aspects of the methods of the disclosure, the PO+ group is operably-linked to
a protecting group. In some aspects, the protecting group comprises 4,4 -dimethoxytrtyl
phosphate.

[855] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one first extended anchor primer-substrate complex and before the
production of the at least one first donor complex, removing the protecting group from the at
least one first extended anchor primer-substrate complex.

1356] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one second extended anchor primer-substrate complex and before
the production of the at least one first target complex, removing the protecting group from the
at least one second extended anchor primer-substrate complex.

1057] In some aspects of the methods of the disclosure, the method further comprises,
before production of the at least one first extended target complex, removing the protecting

group trom the at least one first target complex.
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[058] In some aspects of the methods of the disclosure, releasing the at least one
composition oocurs vnder conditions that preserve the OH group at the 37 terminus and the
PO4 group at the 5 terminus of the N-nier.

[059] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one first extended anchor primer-substrate complex and before the
production of the at least one first donor complex, adenylating the 57 terminus of the at least
one first extended anchor primer-substrate complex.

[660] In some aspects of the methods of the disclosure, the method further comprises, atter
production of the at least one second extended anchor primer-substrate complex and before
the production of the at least one first target complex, adenylating the 57 terminus of the at
cast one second extended anchor primer-substrate complex.

[361] In some aspects of the methods of the disclosure, the method further comprises,
before production of the at least one first extended target complex, adenvlating the 57
terminus of the at least one first target complex.

[662] In some aspects of the methods of the disclosure, adenvlating compnises enzymatic
activity. In some aspects, enzymatic activity comprises an Mth RNA ligase activity.

[863] In some aspecis of the methods of the disclosure, adenvlation comprises non-
enzvmatic activity.

[864] The disclosure provides a method comprising: a} contacting at least one first plurality
of solid supports and at least one first plurality of anchor primers, under conditions that allow
for the attachment of a 5 terouinus of at least one anchor primer of the at least one first
plurality of anchor primers to at least one sohid support of the at least one first plurality of
solid supports to produce at least one first anchor pnmer-substrate complex; b) contacting the
at least one first anchor pnmer-substrate complex and at least one first plurality of N-mers
under conditions that append a 57 terminus of at least one N-mer of the at least one first
plurality of N-mers to a 37 ternunus of the at least one first anchor primer-substrate to
produce at least one first extended anchor primer-substrate complex; ¢} contacting the at least
one first extended anchor primer-substrate complex and at least one sccond plurality of N-
mers under conditions that append a 3™ terminus of at least one N-mer ot the at least one
second plurality of N-mers to a 37 terminus of the at least one first extended anchor pnimer-
substrate complex to produce at least one first donor complex; d) contacting at least one
second plurality of solid supports and at least one second plurality of anchor primers, under
conditions that allow for the attachment of a 5 ternunus of at least one anchor primer of the

at least one second phurality of anchor primers to at least one solid support of the at least one
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second plurality of schid sapports to produce at least one second anchor pnmer-substrate
complex; ¢} contacting the at least one second anchor pnmer-substrate complex and at least
one third plurality of N-mers under conditions that append a 87 terminus of at least one N-mer
of the at least one third plurality of N-mers to a 37 termmunus of the at least one second anchor
primer-substrate to produce at least one second extended anchor primer-substrate complex; {)
contacting the at least one second extended anchor pnmer-sobstrate complex and at least one
fourth plurality of N-mers under conditions that append a 37 terminus of at feast one N-mer
of the at least one fourth plurality of N-mers to a 3” terminus of the at least one second
extended anchor primer-substrate complex to produce at least one first target complex; g)
rcleasing at least one composition comprising the at least one N-mer of the at least one first
plurality of N-mers and the at least one N-mer of the at least one second plurality of N-mers
from the at least one first donor complex to produce at least one released mtermediate
complex h} contacting the at least ong first target complex and the at least one released
mtermediate complex under conditions that append a 87 terminus of the at least one released
mtermediate complex to a 37 teronunus of the at least one target complex o produce at least
one first extended target complex. In some aspects of the preceding method, at least one N-
mer and/or at least one anchor primer can comprise at least one XNA. In some aspects of the
preceding method, at least one N-mer can be a chimernic N-mer.

[865] In some aspects of the methods of the disclosure, appending comprises enzymatic
ligation under conditions that allow for ligase activity. In some aspects, enzymatic Hgation
comprises a T4 RMNA higase activity.

[666] In some aspects of the methods of the disclosure, appending comprises ligation that 1s
not cnzymatic.

1067] In some aspects of the methods of the disclosure, the method comprises, after the
production of the at least one first anchor primer-substrate complex, removing at least one
unattached anchor primer.

1068] In some aspects of the methods of the disclosure, the method further comprises, after
the production of the at least one second anchor primer-substrate complex, removing at least
one unattached anchor primer,

1869] In some aspects of the methods of the disclosure, removing the at least one unattached
anchor primer comprises an exonuclease activity . In some aspects, the exonuclease comprises
a3’ t0 5 specific exonuclease. In some aspects, the 3 to 57 exonuclease cannot digest

nucleie acid molecules compnising a 37 POs group.



WO 2020/150143 PCT/US2020/013331

1870] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one first extended anchor primer-sobstrate complex, removing at
least one un-appended N-mer.

[871] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one donor complex, removing at least one vn-appended N-mer.
1072] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one second extended anchor primer-substrate complex, removing at
least one un-appended N-mer,

1873] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one target complex, removing at least one un-appended N-mer.
[074] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one first extended target complex, removing at least one un-
appended N-mer,

[075] In some aspects of the methods of the disclosure, removing the at least one un-
appended N-mer comprises an exonuclease activity. In some aspects, the exonuclease
comprises a 3”10 5 gpecific exonuclease. In some aspects, the 37 to 57 exonuclease cannot
digest nucleic acid molecules comprising a 37 POa group. In some aspects, the 37 10 57
exonuclease comprises a Klenow polymerase.

[876] In some aspects of the methods of the disclosure, the at least one first plurality of N-
mers, the at least one second plurality of N-mers, the at least one third phlurality of N-merg,
the at feast one fourth plurality of N-mers or any combination thereof comprise(s) at least one
N-mer comprising a POs group at the 37 terminus and the 57 terminus of the N-mer.

1877] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one first extended anchor primer-substrate complex and before the
production of the at least one first donor complex, removing the P04 group at the 37 terminus
of the at least one first extended anchor primer-subsirate complex.

178] In some aspects of the methods of the disclosure, the method further comprises, after
production of the at least one second extended anchor primer-substrate complex and before
the production of the at least one first target complex, removing the POs group at the 37
terminus of the at least one first extended anchor primer-substrate complex.

1079] In some aspects of the methods of the disclosure, the method further comprises,
before production of the at least one first extended target complex, removing the PG4 group at

the 37 termunus of the at least one first target complex.
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[080] In some aspects of the methods of the disclosure, removing the POy group comprises
enzymatic phosphatase activity. In some aspects, the enzymatic phosphatase activity
coraprses calf mitestinal alkaline phosphatase (CIP) activity, shrimp alkaline phosphatase
{SAP) activity or any combination thergof,

[881] In some aspects of the methods of the disclosure, removing the POy group comprises
non-enzymatic phosphatase activity.

1082} The disclosure provides a method comprising, a) providing a first composition
comprising a first plurality of anchor primers, wherein a 57 terminus of at least one anchor
primer is operably-linked to at least one solid substrate and wherein the at least one anchor
primer comprises a reversible blocking group at a 37 terminus to form a first blocked anchor
primer-substrate complex and a second composition comprising at least a second plurality of
anchor primers, wherein a 5 terminus of at least one anchor primer is operably-linked to at
least one solid substrate and wheren the at least one anchor primer comprises a reversible
blocking group at a 3” terminus to form a second blocked anchor primer-substrate coraplex,
b} removing the reversible blocking group from either the first blocked anchor-primer
substrate complex or the second anchor-primer substrate complex to produce at least ong
unblocked anchor primer-substrate complex; ¢) contacting the unblocked anchor primer-
substrate complex and at least one first plurality of N-mers, cach N-mer comprising a
reversible blocking group at a 37 terminus of the N-mer, under conditions that append a §°
terminus of at least one N-mer of the at least one first plurality to a 37 terminus of the at feast
one unblocked anchor primer-substrate complex to form at least one blocked extended anchor
primer-substrate complex; d} removing the reversible blocking group from the at least one
blocked extended anchor primer-substrate complex to produce at least one unblocked
extended anchor primer-substrate complexes; and e} contacting the unblocked extended
anchor primer-substrate complex and at least one second plurality of N-mers, cach N-mer
comprising a reversible blocking group at 2 37 terminus of the Nemer, under conditions that
append a 57 terminus of at least one N-mer of the at least one first plurality to a 3” terminus of
the at feast onc unblocked extended anchor primer-substrate complex to form at least one
blocked donor complex. In some aspects of the preceding method, at least one N-mer and/or
at least one anchor primer can comprise at least one XNA . In some aspects of the preceding
method, at least one N-mer can be a chimeric N-mer.

[083] In some aspecis of the methods of the disclosure, a portion of the anchor primers of

the first plurality of anchor primers are operably linked to at least one solid substrate.
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{884] In some aspects of the methods of the disclosure, a portion of the anchor primers of
the second plurality of anchor primers are operably linked to at feast one solid substrate,
[085] In some aspecis of the methods of the disclosure, each anchor primer of the first
plurality of anchor primers is operably hinked to at least one solid substrate.

[886] In some aspects of the methods of the disclosure, each anchor primer of the second
plurality of anchor primers is operably linked to at least one solid substrate.

[087] In some aspects of the methods of the disclosure, each anchor primer of the first
plurality of anchor primers is operably linked to a first solid substrate. In some aspects, each
anchor primer of the second plurality of anchor primers is operably linked to a second solid
substrate. In some aspects, the first substrate and the second substrate are the same. In some
aspects, the first substrate and the second substrate are not the same.

[888] In some aspects of the methods of the disclosure, the at least first plurality of anchor
primers or the at feast second plurality of anchor primers is arranged in an array . In some
aspects, the at least first plurality of anchor primers is arranged in a first array and the at least
second plurality of anchor primers is arranged in a second array. In some aspects, the first
array and the second array are the same. In some aspects, the first array and the second array
arc not the same.

[089] In some aspects of the methods of the disclosure, the reversible blocking group is a
photo-liable blocking group. In some aspects, removing comprises exposing the photo-liable
blocking group to light with a wavelength sufficient to induce removal of the photo-liable
blocking group.

[690] The disclosure provides a method comprising: a) contacting at least one first plurality
of solid supports and at least one first plurality of anchor primers, under conditions that allow
for the attachment of a terminus of at least one anchor primer of the at least one first phurality
of anchor primers to at least one solid support of the at least one first plurality of solid
supports to produce at least one first anchor pnmer-substrate complex; b) contacting the at
least one first anchor primer-substrate complex and at least one first plurality of N-mers
under conditions that append at icast one N-mers of the at least one first plurality of N-mers
to at least one first anchor primer-substrate, wherein at least one N-mer of the at least one
first plurality of N-mers comprises a sequence encoding a 5° mverted terminal repeat (ITR)
and a sequence encoding a 37 inverted terminal repeat {ITR) that are reverse onented with
respect to each other, to produce at least one first extended anchor primer-substrate complex;
¢} contacting the at least one first extended anchor primer-substrate complex and at least one

second plurality of N-mers under conditions that append at least one N-mer of the at least one

-15 -



WO 2020/150143 PCT/US2020/013331

second plurality of N-mers to the at least one first extended anchor primer-substrate complex,
wherein at least one N-mer of the at least one second plurality of N-mers comprises a
sequence encoding a 57 inverted terminal repeat (ITR) and a sequence encoding a 3” mverted
terminal repeat (ITR) that are reverse oriented with respect to each other, to produce at least
one first elongated complex; d) excising from the at least one first elongated complex a
nucleic acid sequence positioned between the 37 reverse-oriented TR of the at least one N-
mer of the at least one first plurality of N-mers and the 5” reversc-oriented 1TR of the at [cast
ong N-mer of the at least one second plurality of N-mers to produce at least one first donor
complex; ¢) contacting at least one second plurahity of solid supports and at least one second
plurality of anchor pruners, under conditions that allow for the attachment of a terminus of at
cast one anchor primer of the at least one second plurality of anchor primers to at least one
solid support of the at least one second plurality of solid supports to produce at least one
second anchor primer-substrate complex; f) contacting the at least one second anchor primer-
substrate complex and at least one third plurality of N-mers under conditions that append at
least one N-mer of the at Ieast one third plurality of N-mers to at least one second anchor
primer-substrate, wherein at least one N-mer of the at least one third plorality of N-mers
corprises a sequence encoding a 57 inverted terminal repeat (ITR) and a sequence encoding a
37 mverted ternunal repeat (JTR) that are reverse onented with respect to each other, to
produce at least one second extended anchor primer-substrate complex; g) contacting the at
cast one second extended anchor primer-substrate complex and at least one fourth plurality
of N-mers under conditions that append at [east one N-mer of that at least one fourth plurality
of N-mers to the at least one second extended anchor primer-substrate complex, wherein at
least one N-mer of the at least one fourth pherality of N-mers comprises a sequence encoding
a 5" mverted terminal repeat (TR} and a sequence encoding a 37 maverted terminal repeat
{(ITR) that are reverse orignted with respect to each other, to produce at least one second
elongated complex; b} releasing a composition comprising the 57 reverse oriented [TR, the at
least one N-mer of the at least one first plurality of N-mers, the at least one second plurality
of N-mers, and a 37 reverse oriented 1TR of the at least one first donor complex to produce at
least one released mtermediate complex; 1) contacting the at least one first target complex and
the at least one released mtermediate complex under conditions that append the at least one
released intermediate complex to the at least one first target complex to produce at least one
first extended target complex; and 1) excising from the at least one first extended target
complex a nucleic acid sequence between the at least one N-mer of the at least one fourth
plurality of N-mers and the at least one N-mer of the at least one first phurality of N-mers

- 16 -



WO 2020/150143 PCT/US2020/013331

located to produce at least one first excised extended target complex. In some aspects of the
preceding method, at least one N-mer and/or at least one anchor primer can comprise at least
one XNA. In some aspects of the preceding method, at least one N-mer can be a chimernic N-
mer.

[91] In some aspects of the methods of the disclosure, the sequence encoding the 57 ITR
and sequence encoding the 3 1TR of the at least one N-mer are denived from a precisely
excising transposable clement.

[892] In some aspects of the methods of the disclosure, the releasmg comprises an
enzymatic activity. In some aspects, the releasing comprises a break in a sequence of one or
more of a 37 ITR, a 37 terminus, a 5 terounus, or a 37 I'TR. In some aspects, the releasing
produces a 5" ora 37 overhang.

193] In some aspects of the methods of the disclosure, the releasing comprises a non-
enzvmatic activity.

[094] In some aspects of the methods of the disclosure, the appending comprises an
enzymatic activity. In some aspects, the appending comprises a ligation.

[085] In some aspects of the methods of the disclosure, the appending comprises a non-
cnzymatic activity.

[396] In some aspects of the methods of the disclosure, at least one anchor primer comprises
a composition of the disclosure.

1097) The disclosure provides a method comprising: a} providing a template complex that
comprises at least one template nucleic acid molecule, wherein a first torminus of the
template nucleic acid molecule is operably-linked 1o a solid support, wherem the first
terminus comprises a first primer binding region and, wherein a second terminus of the
template nucleic acid molecule comprises a second primer binding region; b) contacting the
template complex and at least one first amplification primer, wherein the at least one first
amplification primer comprises a nucleic acid sequence that 1s complementary to the second
primer binding region under conditions sufficient for the hybridization of the at least one first
amplification primer to the sccond primer binding region; ¢} extending the at least one first
amplification primer to produce at least one first replicated nucleic acid molecule; d)
contacting the at least one first replicated nucleic acid molecule and at least one substrate
bound primer complex, wherein the at least one substrate bound primer complex comprises at
least one second amplification primer operably-linked to a solid support, wherein the at lcast
one second amplification primer comprises a nucleic acid sequence complementary {o the

first primer binding region under conditions sufficient for the hybridization of that lcast one
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second amplification primer to the at least one first replicated nucleic acid molecule; and ¢)
extending the at least one second amplification primer to produce at least one first replicated
duplex.

[098] In some aspects of the methods of the disclosure, at least one solid support comprises
a composition of the disclosure.

1099 The disclosure provides a method comprising: {a} contacting a plurality of nucleic
acid sequenees under conditions suttable for at least a first sequence to form first duplex with
a second sequence and the first sequence to form a second duplex with a third sequence,
wherein each sequence comprising a first region of complementarity and a second region of
coraplementarity, wherein the first region of complementarity comprises a portion of the
sequence that can form a first duplex in the presence of second sequence, wherein the second
region of complementarity comprises a portion of sequence that can form a second duplex
with a third sequence, wherein the second sequence and the third sequence are distinct; and
{(h) inducing synthesis from a 37 terminus of at least one sequence of the first duplex or the
second duplex under conditions suitable for nucleic acid polymerization to form at least |
extended sequence.

{3100} In some aspects of the methods of the disclosure, the plurality of nucleic acid
sequences comprises sense sequences and antisense sequences. In some aspects, the plurality
of nucleic acid sequences comprises at least 2 sense sequences or at least 2 antisgnse
sequenaes. In some aspects, the plurality of nucleic acid sequences comprises at least 2 sense
sequences or at least 2 antisense sequences. In some aspects, the method forms at least 2
extended sense sequences or at least 2 extended antisense sequences. In some aspects, the
method further comprises appending the at least 2 extended sense sequences or af least 2
extended antisense sequences to form a unified seuse strand or a unified antisense strand. In
some aspects, the appending comprises an enzvmatic activity. In some aspects, the appending
comprises a ligation or a ligase activity. In some aspects, the appending comprises a non-
enzvmatic activity.

{0101} In some aspects of the methods of the disclosure, at least one sequence of the plurality
of nucleic acid sequences comprises an N-mer. In some aspects, the N-mer 1$ a 3-meror a 5-
mer. In some aspects, at least one sequence of the plurality of nucleic acid sequences is
produced according to the method of the disclosure. In some aspects, a portion of the
sequences of the plurality of nucleic acid sequences s produced according to the method of
the disclosure. In some aspects, cach sequences of the plurality of nucleic acid sequences 1s

produced according to the method of the disclosure.
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18102} The disclosure provides a nucleic acid sequence produced according to the method of
the disclosure.

{3103} The disclosure provides a vector comprising a nucleic acid sequence of the disclosure,
meluding those produced according to the method of the disclosure.

{3104} The disclosure provides a composition comprising a nucleic acid sequence of the
disclosure, including those produced according to the method of the disclosure.

10105} The disclosure provides a composition comprising the vector of the disclosure.

{8106} The disclosure provides a cell comprising a nucieic acid sequence of the disclosure,
mehiding those produced according to the method of the disclosure.

{6107} The disclosure provides a cell comprising the vector of the disclosure.
{0108 ¢ disclosure provides a cell comprising the composition of the disclosure.
{3109} The disclosure provides a composition comprising a cell of the disclosure.

|
{

110} Any of the above aspects can be combined with any other aspect.

|
}
|
0111} Unless otherwise defined, all technical and scientific torms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In the Specification, the singular forms also include the phural unless the context
clearly dictates otherwise; as examples, the terms “a,” “an,” and “the” are understood 1o be
singular or plural and the term “or” is understood to be inclusive. By way of example, “an
glement” means one or more element. Throughout the specification the word “comprising,”
or variations such as “comprises” or “comprising,” will be understood to imply the inclusion
of a stated element, integer or step, or group of clements, integers or steps, but not the
exclusion of any other element, infeger or step, or group of clements, integers or steps. About
can be understood as within 10%, 9%, 8%, 7%. 6%, 5%, 4%, 3%, 2%, 1%, 0.3%, 0.1%,
0.03%, or 0.01% of the stated value. Unless otherwise clear from the context, all numerical
values provided herem are modified by the term “about.”

{3112} Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the prosent disclosure, suitable methods and materials are
described below. All publications, patent applications, patents. and other references
mentioned herein are incorporated by reference 1n their entirety. The references cited herein
are not admitted to be prior art o the claimed mvention. In the case of conflict, the present
Specification, meluding definitions, will control. In addition, the materials, methods, and
cxamples are ithustrative only and arc not wtended to be hinuting. Other features and
advantages of the disclosure will be apparent from the following detailed description and

claim.
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BRIEF DESCRIPTION OF THE DRAWINGS
{8113} The above and further features will be more clearly appreciated from the tollowing
detailed description when taken in conjunction with the accompanying drawings.
{0114} Fig. 1 1saschematic diagram depicting the central idea behind geometric synthests.
In this exaraple cight different N-mers and the solid substrate bound anchor primer sequences
are the starting matenals. The first row depicts the situation after the first two rounds of
hgation, wherein two N-mers have been added to anchor primers. In subsequent steps, such
as row two, there are target samples, and donor samples. Target sample remain bound to solid
supports and donor samples are released and used to extend corresponding target samples.
After several rounds, a single target sample possesses the complete synthesized. Here the
complete synthetic strand is comprised of 16 N-mer in a unique configuration.
{0115} Fig. 2A-D arc a serics of diagrams showing four different possible anchor primer
sequences. Fig. 2A shows an example of low-complexity sequences possecasing Tvpe H S
restriction enzyvme site, Mivl for 3” extension. Fig. 2B shows an example of low-complexity
sequences possessing Type H S restriction enzyme site, Mivi for 57 extension. Fig. 2C shows
a low-complexity sequence possessing a dexovuridine (U) for release using a combination of
Uracil DNA glycosylase and DNA glveosylase-lyase Endonuclease VI for 37 extension.
Fig. 2D shows the combination of deoxyadenosine {A) and deoxyinosine {1} at the 5" end of a
low-complexity anchor primer sequence, is a target of Endonuclease V for release of
synthetic NA product.
{8116] Fig 3A-B highlights a fragment of GFP ¢DNA, used m the present disclosure to
demonstrate the 3° geometric svnthesis method. Fig. 3A shows a FASTA representation of
the complete cDNA sequence for green fluorescent protein (GFP) (NCBI accession number
1.29345). The demonstration fragment comprises the first eight 2 1-mer sequences. These are
highlighted in a range of colors. Fig. 3B shows the distribution of 21-mer sequenses into two
plate sets for assembly using the 37 geometric synthesis method. The first cight 21-mers are
highlighted in the colors corresponding to the FASTA file representation.
{81177 Fig. 4 1s a schematic representation of the first ligation step. In this example the
wells TA1, 1AZ, 1A3 and 1A4 receive a 21-mer fragment with 37 and 5 ~PO4, ligase i

B

added to the reactions. After ligation Klenow polymerase with 3°-57 exonuclease activity is
added to remove un-ligated anchor primers. Fmally, calf intestinal alkaline phosphatase (CIP)

ig added to remove 37 P04 groups o prepare the NA for the second round of ligation.
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8118} Fig. S is a schematic representation of the second ligation step. As with the first
Ligation step, the wells 1AL 1AZ, 1A3 and 1A4 each receive a 2 1-mer fragment bearing 3
and 5° —P(Oa groups, higase 1s added to the reactions. After elongation by ligation, Klenow
polymerase with 37-5” exonuclease activity is added to remove un-higated anchor primers.
Finally, calf intestinal alkaline phosphatase {CIP} is added to 1A1 and 1A3 remove 37 PO
groups to prepare the NA in those wells as targets for the next ligation. Wells 1AZ and 1A4
are left bearing 37 P04 groups.

{8119} Fig. 615 a schematic representation of the first release reaction. Donor samples 1A2
and 1A4 are first mixed with short reverse complementing oligo nucleotides, which generate
double stranded Mivl sites on partially double stranded DNA. These samples are then
digested with Mivl restriction endonuclease, at which point the released single stranded
newly synthesized fragment is ready for ligation to the appropriate target sample. In this
mstance, the released fragment from 1AZ will be ligated to target sample 1AT and the
fragment from 1A4 will be higated to target sample 1A3.

10120] Fig. 715 a schematic representation of the third higation, which will combine extend
the NA in 1A1 by ligation of the synthesized NA from 1A2, well as extend the NA of 1A3 by
with the NA from 1A4. Fmally, the product NA from 1A3 is released by cleavage with Mivl.
{3121} Fig. 81s a schematic representation of the fourth and final ligation for this example.
The NA product of sample 1A3 is higated to the extended NA of well 1AL After cleanup, the
final product NA is released from solid supports by digestion with Miyl

{0122} Fig. 9 shows a plate lavout and pipetting moves. In this example, a 384 well plate 1s
depicted with 16 X 16 wells (A1-P16) being used. There are two phases to the transfers.
Firstly, column transfers (the initial column highlighted in red) take place over 4 cycles (affer
the nitial addition of two N-mers to each well}. In the first cycle column 16 well contents
serve as donors for columm 15, column 14 for column 13 and so on. In the second cycle,
wells of columnl5 serve as donors for columm, ete. On cycle 4, column 9 wells serve as
donors for column 1. In the second phage, all of the transfers cocur within column 1. Firstly,
for Cycle 5, well Pl¢highlighted in green} serves as donor for well O1, well N1 for well M1
and so on. Ultimately well Il 15 the donor for well Al to vield a final product. I the starting
N-mers were all 3-mers the final product would be 1536 bases long. Likewise with 5-mers
the final product would be 2560 bases long.

{3123} Fig 10. Size of N-mer can be varied. In 4 cycles 3-mers will generate 96 bases, 4-
mers ~> 128 bases and 5-mers -> 160 bases. Number and length of fragments as well as the

size of overlap can be varied. In this example with 6 fragments, 96 bases each and 24 bp
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overlap, the resolting product would be 456 bp long, 160 base fragments and 24 bp overlap
would yvield an 840 bp product.

{0124} Fig. 11 depicts accelerated long, fast NA synthesis using a mixed 37, 5° co-synthesis
with DNA polymerase filling and ligation. In this example, an annealing reaction is carried
out with 16 partially overlapping complementary fragments. In a subsequent polymerase
reaction, cach overlapping 3° end is extended. Finallv, in a ligase reaction the breaks between
fragments arc resolved.

{8123} Fig. 12 is a generic plasmid map for transposase mediated geometric synthesis. The
plasmid carries a modified transposable element. Instead of the normal orientation of the left
{green with purple triangle) and right (red with purple triangle) inverted terminal repeat (ITR})
sequences, here the I'TRs are reverse oriented with the N-mer sequence between them.
Sequence to the left and to the right of the ITRs {grev) is present to fulfill a requirement for a
mimimal transposable clement size plus an appropriate restriction endonuciease site. In
addition to the transposable clement and N-mer sequences the construct also has a backbone
plasmid, such as pUC19 carrving a LacZ alpha gene with a multiple cloning site, an onigin of
replication and a selectable marker such as an ampicillin resistance gene.

{3126} Fig. 13 depicts double stranded DNA geometric synthesis mediated by ligation and
the activity of precisely excising transposases. 1) Ligation of an N-mer carryving inverse
transposable element onto anchor primers 1s followed by reaction cleanup. 2) A second N-
mer carrving inverse transposable element is then ligated to the extending NA chain on the
solid support followed by cleanup. 3) Treatment of the extending NA chain with transposase
leads to the excision of the miervening sequence between the two N-mer sequences. 3) The
hgated, excised NA chain can be released from the beads by a RE reaction and can then serve
as a ‘donor” for a subsequent ligation reaction. 4} Cycles of cleavage and transfer, higation
and cleanup, followed by excision using appropriate “donors” and “targets” will lead
eventually to the desired NA sequence.

10127} Fig. 14 depicts compositions and methods for the amplification of NAs by surface to
surface transter amplification. In this example, the teraplate (dark pink with a dark green end
and a black end}) is brought mio the reaction on a bead (small blue circle} (donor surface).
The template NA molecules (dark pink} bear unigue sequences at the proximal end (near the
bead, depicted in black) and distal end {away from the bead, depicted mn dark green). In the
case of a geometric synthesis reaction, the distal unique sequence (dark green) may be higated
onto the template sequence. These sequences are used as targets for primers: black primers

attached to the beads (small blue circle and large blue semi-cirele), which i the case of
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geometrie svnthesis would essentially be the anchor primers, and light green primers that are
free 1n solution. In the amplification reaction, which can be mediated by either PCR or RPA|
a polymerase (purple arrow) svnthesizing from a template bound free primer (hight green)
will make a reverse complement copy (light pink with a light green end and a grey end) of the
template NA. The replicated strand (copy) released, for example, during the melt phase of a
PCR cycle, can then hybridize to acceptor-surface {large blue semi-circle} {acceptor surface)
bound primers. The copy strands then serve as templates for new generation of original NA
molecules mediated by polyvmerase synthesizing from surface-bound primers (black).

{8128} Fig. 15 s a schematic overview of geometric synthesis. In this example, eight
different N-mers and the solid substrate bound anchor primer sequences are the starting
materials.

[3129] Fig. 1615 a schematic overview of locked nucleic acids (LN Asg) and Cy3-labeled
mternal linkers.

{0139] Fig. 17 is an image of a polyacryviamide gel used to analyze the products of various

higations of N-mers comprising XNA.

DETAILED DESCRIPTION
{3131} The present disclosure provides compositions, kits and methods for template-free
geometric enzymatic nucleic acid synthesis of an arbitranly programmed sequence.
103132} The present disclosure provides compositions and methods for the enzymatic,
template-independent, synthesis of nucleic acid (NA) polymers using short, error froe NA
fragments, systematically assembled to form arbitranly long NA chains. Umigue NA
sequences can be synthesized by the systematic joining of shorter NA sequences using
comprehensive hbraries of purified short oligonucleotides and constant primer sequences.
Libraries of short, error free NA fragment sequence can vary o size, but comprehensive
coverage of all possible sequences is most achievable with 3-mers, having 64 possible
sequenaes, 4-mers, with 256 possible sequences and S-mers with 1024 possible sequences.
Any longer sequence can be assembled by a sequential combination of 3-mers, 4-mers or 5-
mers, collectively referred to as N-mers. The present disclosure also provides compositions of
plasmid hbraries containing all possible 3-mer, 4-mer and S-mers n the form of
enzymatically excisable elements. The present disclosure provides compositions of modified
N-mers, asscrubled sequences, plasmid constructs, reaction conditions, reaction substrates

and proprietary short oligo sequences. Additionally, the present disclosure provides several
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different methods for fast, accurate gencration of long arbitrary NA chaing as well as surface
to surface amphification of NA molecules.

{0133} The present disclosure provides compositions comprising N-mers for both 37 and 57
extension in non-templated NA svnthesis. These N-mers include alf possible 3-mers (64}, 4-
mers {256) and S-mers (1024) comprising gither RNA or DNA. For 57 non-templated
extension, the N-mer oligonucleotides do not require a phosphate group at ¢itherthe 37 or 57
end. For 37 non-templated extension N-mers may possess a phosphate group at both 37 and 57
ends of cach ohigonucleotide. Additionally, N-mers may inchude reversible extension
blocking groups, such as photo-labile blocking groaps or the 4,47 -dmethoxytrityl phosphate
{(DMT-PO4) group, at either the 5™ end the 37 end or both ends of the N-mer oligonucleotide.
Additionally, 57 ends may be activated by 57 adenylation for subsequent hgation with
appropriately selective enzymes. 5™ adenylation can be performed, for example, by treatment
of the N-mer with Mth RNA ligase.

{0134} In some contexts, the term nucleic acid may refer to a nucleic acid monomer
{nucleotide) and m some contexts the term nucleic acid may refer to a nucleic acid polymer
{polynucleotide}. In some contexts, the term xenonuleeic acid (XNA)Y may referto a
monomeric xenonucleic acid {(xenonucleotide) and in some contexts the term xenonulceic
acid may refer 1o a xenonucleic acid polymer (polvxenonucleotide).

4135} The present disclosure provides compositions comprising N-mers of any possible 3-
mer {64}, 4-mer (256} and 5- mer (1024} comprising RNA, DNA | xenonucleic acid (XNA) or
any combination thercof. These N-mers may be chimeric NA molccules with a deoxyribose
5 (DNA) terminus and a ribose 3' (RNA) termunus. These N-mers may be wholly or partially
comprised of DNA, RNA or XNA backbones.

18136} In some aspects, XNA can include, but is not hinited to, morpheoling, peptide nucleic
acids (PNA), 2°-O-methyl RNA, 2" -fluoroarabino nucleic acids (FANAs), locked nucleic
acids (LNAs; as shown m the left panel of Figure 16), 1 5-dianhydrohexitol (HNAg),
cyclohexene nucleie acid (CeNA}, threose nucleic acid (TNA), glveol mucleic acid (GNA},
mternally-labeled nucleic acids {e.g. intermal Cy3-labeled nucleic acids; as shown o the nght
panel of Figure 17} or any combination thereof.

18137} The present disclosure provides compositions comprising assembled modules of N-
mers nto NA oligonucleotides of arbitrary length and sequence. These oligonuclestides may
wholly or partially comprise DNA, RNA or XNA

{03138} The present disclosure provides composttions comprising N-mers for 37 exiension in

non-templated NA synthesis. These N-mers inchide all possible 3-mers {64), 4-merg (256}
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and S-mers (1024} comprising either RNA, PNA or XNA. These N-mers possess 57
triphosphate groups which may be a substrate for terminal transterase activity.

{3139} The present disclosure provides compositions comprising anchor primer soquences,
which are proprietary short oligonucleotide sequences generally attached to a solid support
with either the 37 or 57 end distal to the solid support. These oligonucleotide sequences are
designed to allow the specific removal of any additional sequence that has been extended
from the end of the anchoring primer sequence. Specific removal from the distal end of the
anchornng primer sequence may be accomplished in several ways.

8148} The present disclosure provides compositions comprising attachments of anchor
primers to solid supports. Attachments mayv be non-covalently mediated, such as by biotin
and avidin interactions or may be covalent hinks, such as a range of “chick’ chemistries.
Attachments may mclude spacer molecules such as polvethylene glveol (PEG) or tricthylene
glycol (TEG).

10141} In certain aspects of the compositions of the present disclosure, for precise release of
synthetic NA, include anchoring prnimer NAs with appropnately positioned abasic sites,
which may be cot with DNA glycosylase-lyase Endonuclease VIH. Additionally,
appropriately positioned deoxyuridine {(U) sites may be first made abasic through the activity
of Uracil DNA glycosviase, then the resulting abasic site may be cut using DNA glvcosviase-
lvase Endonuclease VIIL

103142} In certain aspects of the compositions of the prosent disclosure, for precise release of
synthetic NA, include anchoring primer NAs with appropriately positioned deoxvinosine (1)
sites, which may be cut with Endonuciease V.

18143} In certain aspects of the compositions of the present disclosure, for precise release of
synthetic NA, inchude anchoring primer NAs with appropriately positioned sites for cleavage
by a variety of restriction endonucleases (RE). These restriction nuclease sites may be for
offset cutting REs, called Type I S restriction endonucleases, such as the enzyme MiyL
103144} In certain aspects of the compositions of the present disclosure, for precise release of
synthetic NA, include anchoring primer NAs with appropriately positioned sites for single
stranded specific cutting by Cas9 and appropriate guide RNAs.

18143} The present disclosure provides compositions comprising solid supports. There are
several solid supports are effective in the context of geometric synthesis. Specifically, solid
supports include microscopic beads, magnetic or non-mmagnetic, made of polvacrylamide,
polystyrene, crossiinked agarose or other similar materials. Solid supports may also include

plastic or glags surfaces, such as the surfaces of wells of multi-well plates. Solid supports
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may be treated to enhance the NA binding properties or permit specific enzymatc activities.
Likewise, surfaces may be treated to prevent non-specific or un-wanted binding.

{3146} The present disclosure provides compositions comprising DNA or RNA ligases,
either ribozyme or protein, such as T4 RNA figase, including mutant or modified DNA or
RINA hgases, which require 37 adenylated N-mer substrates. Ligase are mixed with solid
surface bound anchor primers and / or extended NA and N-mers in appropriate reactions
solutions to affect the extension of the NA chain by one and only one N-mer unit.

{8147} In certain aspects of the compositions of the present disclosure, extension of the
synthetic NA chain 1s mediated by terminal transferase enzymes such as torminal
deoxynucleotidyl transferase (TdT), members of the X family of DNA polymerases or DNA
polymerase Pol theta.

{8148] The present disclosure provides compositions comprising NA seqacences derived de
rnove from a geometric synthesis process. In certain aspects of the present disclosure
sequences of NA arc generated by combinations of N-mers. These NA scguences can be
senerated by the geometric 37 method, by the geometnic 57 method, by the geometric
transposase method or by the geometric 37, 37 co-aynthesis method.

{0149] The present disclosure provides compositions comprising NA sequences derived de
novo from 37 extension parallel synthesis using N-mers. A multiplicity of NA sequences
generated in parallel are made by one at a time extension from solid support bound anchor
primers.

{0150} The present disclosure provides compositions of plasmid sequences that possess N-
mer sequences for enzymatic addition of N-mers using transposase elements. Activity of
transposases lead to the excision of transposable clement specific sequences from the
clongating synthetic NA chain, leaving only N-mer additions. The basic plasmid design
meludes 1) reverse oriented, transposable clement derived night and left mverted terminal
repeat {ITR} elements positioned on either side of an Nemer sequence, 2} a selectable marker,
such as ampiciilin resistance, 3} an origin of replication and 4) a multiple cloning site
contating a o appropriate set of restriction cndonuclease sites. The present disclosure
provides compositions for a plurality of plasmud sequence each possessing a unique N-mer
sequence as well as transposable element specific sequences and elements for the propagation
of the plasmid in bacterial cells.

{3151} The present disclosure provides compositions comprising a system for the
amplification of intermediate or final products of geometric NA synthesis. Sohd supports, for

example beads, micro-well plate surfaces or glass slide surfaces are coated with
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oligomicleotide primers, which are also anchor primers for ongoing synthesis reactions. A
template bearing surface and an anchor primer bearing surface are brought together ina
coramon reaction buffer along with free oligonucleotide primers, which are the reverse
coraplementary sequence of the distal end of the template NA. Amplification 1s carmed out by
polymerase chain reaction, recombinase-polvmerase reaction or a similar NA replication,
amplification system.

{0152} The present disclosure provides a method of 57 extension geometric synthesis.
Initially an appropnate number of samples is set up, for example in multi-well plates. Fach
sample first contains anchor primers, which bear -PQGu at 57 ends and have been affixed to
solid supports. 1) The process begins with ligation of an N-mer species onto anchor primers.
The N-mers bear a —OH at cach the 3" and 57 ends. 2) After the first ligation, a 57 to 37
specific exonuclease, such as Lambda exonuclease is used to remove un-ligated anchor
primers from the solid supports. Lambda cannot digest NAs bearing a 5° -0OH. 3) After
exonuclease digestion samplces are treated with Polynucleotide Kinase (PNK), to producc a —
POy at cach 5 end. 4) A second round of ligation with another N-mer species is carried out as
in the first hgation, this is followed by a similar 57 to 37 exonuclease digestion. 5) After first
two rounds of ligation and exonuclease treatment samples become either “targets” or
‘donors’. Sa} Target samples receive PNK treatment. 5b) Donor samples are released from
solid support, preserving ~OH groups both 37 and 57 groups, using described methods such as
a restriction enzyme o cut a partially double stranded anchor primer. On subsequent rounds
“donor’ samples are ligated to “target’ samples according to 1), 2) and 5).

{8153} The present disclosure provides a method of 37 extension geometric synthesis.
Initially an appropriate number of samples is set up, for example in mudti-well plates. Each
sample first contains anchor primers, which bear ~OH at 37 ends and have been affixed to
solid supports. 1) The process begms with ligation of an N-mer species onto anchor primers.
The N-mers bear a ~PO4 at cach the 37 and 57 ends. 2) After the first igation, a3 t0 §7
specific exonuclease, such as Klenow is used to remove un-ligated anchor primers from the
solid supports. Klenow cannot digest NAs bearing a 37 —P04. 3} After exonuclease digestion
sampies are treated with phosphatase, such as Calf Intestinal Alkaline Phosphatase (CIP) or
Shrimp Alkaline Phosphatase {(SAP), to remove 37 ~PO4. 43 A second round of ligation with
another N-mer species is carried out as in the first ligation, this is followed by a simular 3 to
5" exomuclease digestion. 5) After first two rounds of ligation and exonuclease treatment
samples become either “targets” or “donors’. Sa) Target samples receive phosphatase

treatment. 5b) Donor samples are released from solid support, preserving both 37 and 57 ~P04
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groups using described methods such as a restriction enzyme cutting a partially double
stranded anchor primer. On subsequent rounds “donor’ samples are ligated to “target” samples
according to 1), 2) and 5).

{3154} The present disclosure provides a method of 37 extension parallel synthesis using N-
mers. The N-mers described in the present disclosure may also possess reversible blocks on
the 3" hydroxyl group, which make the site unavaiiable for enzymatic incorporation of
additional nucleotides, N-mers or Jonger oligonucleotides. The reversible block may be
removed by a variety of methods, including exposure to light or chemical reagents. In parallel
synthesis, many different reactions can be specifically controlled allowing arbitrary
mcorporation of specific N-mers. In a two-dimensional grid, regions are specifically
addressed by light focused on gnd elements. Exposed areas become activated and are then
able to incorporate the available short ohigonucleotide sequence. The two-dimensional grid
may begin with general attachment of 37 reversibly blocked anchor primer sequences. If the
meorporation of a specific N-mer, such as ACG, is required, then the region of the two-
dimensional grid where ACG 18 reguired 1s exposed to hight, which will reverse the block and
allow the ACG N-mer to be incorporated only there. Such a process ensues for all 64 possible
3-mers suitably blocked at the 3 end. Any possible sequence combination can be manifest at
any specific location on the grid. The gnd may be a chamber with activated regions on a flat
glass or similar surface. Additionally, the grid may be a chamber capable of holding an array
of beads with attached anchor primers. In ¢ither case the reagents of the reactions are
delivered by a microtluidic system.

{8155} The present disclosure provides a method of double stranded geometric synthesis
mediated by transposases. This method relies on a collection of plasmids with reverse
oriented left and right terminal repeats denved from a precisely excising transposable
clement, such as piggyBac. Each plasmid in the collection carries a different N-mer sequence
(3-, 4-, and 5-mers). Prior to synthesis reactions each required N-mer sequence 1s excised
from its plasmid backbone by appropriate restriction endonuclease (RE) or similar digestion.
As with the 57 and 3”7 extension geometric synthesis methods, multiple paraliel reactions are
carried out. Fach reaction possesses a solid support carrving a double-stranded anchor primer
sequence with a distal RE site compatible with the RE used to excise the N-mer sequence
from the plasmids. 1} The process begins with ligation of an N-mer carrving inverse
transposable clement onto anchor primers followed by reaction cleanup. By placing the
normal lefi-side inverted terminal repeat sequence (ITR) on the right side and the night-side

I'TR on the left side of the N-mer sequence, the resulting inverse transposable element isnot a
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target transposase activity. 2) A second Nemer carrving inverse transposable element s then
higated to the extending NA chain on the sclid support followed by cleanup. 3} Treatment of
the extending NA chain with transposase leads to the excision of the intervening scgquence
between the two N-mer sequences. 3) The ligated, excised NA chain can be released from the
beads by a RE reaction and can then serve as a “donor” for a subsequent Hgation reaction. 4)
Cycles of cleavage and transfer, higation and cleanup, followed by excision using appropriate
‘donors” and “targets’ will lead eventually to the desired NA sequence.

{8156} The present disclosure provides a method of 57 extension and 37 extension geometric
co-synthesis. This allows accelerated long, fast NA synthesis using a mixed 37, 57 ¢o-
synthesis with DNA polvmerase filling and ligation. fnttially a set of partially overlapping
NA fragments 1s generated using ancther method. An annealing reaction 1s carried out with
the partially overlapping complementary fragments. A polymerase reaction extends cach of
the overlapping 3° end 1s extended. The final product is generated by a ligase reaction that
resolved the breaks between fragments.

{8157} The present disclosure provides a method of surface to surface transfer amplification.
Amplification begins with template molecules, which are brought into the reaction on a sohid
support. The template NA molecules bear unique sequences at the proximal and distal ends.
In the case of a geometric synthesis reaction, the distal unigue sequence may be ligated onto
the template sequence. These sequences are used as targets for pnmers: primers attached to
the beads, which n the case of geometric synthesis would essentially be the anchor primers,
and opposing primers that arc free in solution. In the amplification reaction, which can be
mediated by either PCR or RPA, a polymerase synthesizing from a template bound free
primer will make a reverse complement copy of the template NA. The replicated strand is
released, for example, during the melt phase of a PCR cycle, and can then hybridize to
acceptor-surface bound primers. The copy strands then serve as templates for new gencration
of origimal NA molecules mediated by polymerase synthesizing from surface-bound primers
{black). In surface to surface transfer amplification many surfaces will work. The donor
surface could be a small bead and the acceptor a larger bead. i the smaller bead were 20 um
m diameter and the larger bead 130 pm in diameter the degree of amplification would be
more than 50-fold. Alternatively, the template may be mitially on the surface of a well of a
multi-well plate and the acceptor surface could be a bead introduced into the well. Likewise,
the donor surface may be a small bead introduced to a large surface well or onto a flat surface
of a microscope slide. NAg are both amplified and transferred in the reaction.

13158} Any of the above aspects can be combined with any other aspect.
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{8159} Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly vnderstood by one of ordinary skill in the art to which the present
disclosure belongs. In the Specification, the singular forms also include the plural unless the
context clearly dictates otherwise; as examples, the terms “a,” “an,” and “the” are understood
to be singular or phural and the term “or” 1s understood to be mchusive. By way of example,
“an clement” means ong or more clement. Throughout the specification the word
“comprising,” or vanations such as “comprises” or “comprising,” will be understood to imply
the mclusion of a stated element, integer or step, or group of clements, integers or steps, but
not the exclusion of any other element, integer or step, or group of elements, integers or steps.
About can be understood as within 109, 9%, 8%, 7%, 6%, 5%, 49, 3%, 2%, 1%, 0.5%,

(.1 %, 0.05%, or 0.01% of the stated value. Unless otherwise clear from the context, all

numerical values provided herein are modified by the term “aboat.”

N-mers
{8168} In some aspects, the present disclosure provides a composition comprising an N-
mer, as described in detail hereim. An N-mer can comprise a polynucleotide. An N-mer can
comprise at least about 1 nuclectide, or at least about 2 nucleotides, or at least about 3
nucleotides, or at least about 4 nucleotides, or at least about 3 nucleotides, or at least about 6
nucleotides, or at least about 7 nucleotides, or at least about 8 nucleotides, or at least about 9
nucleotides, or at least about 10 nucleotides. or at least about 11 nucleotides, or at least about
12 nucleotides, or at least about 13 nucleotides, or at least about 14 nucleotides, or at least
about 15 nucleotides, or at least about 16 nucleotides, or at least about 17 nucleotides, or at
least about 18 nacleotides, or at least about 19 nucleotides, or at least about 20 mucleotides, or
at feast about 21 nucleotides, or at least about 22 nucleotides, or at least about 23 nucleotides,
or at least about 24 nucleotides, or at Jeast about 25 nucleotides, or at least about 26
nucleotides, or at least about 27 nucleotides, or at least about 28 nucleotides, or at least about
29 mucleotides, or at least about 30 nucleotides, or at least about 31 nucleotides, or at least
about 32 nucleotides, or at least about 33 nucleotides, or at least about 34 nucleotides, or at
Ieast about 35 nucleotides, or at least about 40 nucleotides, or at least about 45 nucleotides, or
at least about 530 nucleotides, or at least about 60 nucleotides. An N-mer that comprises 1
nucleotides 1 herein referred to as a 1-mer, an N-mer that comprises 2 nucleotides is herein

referred to as a 2-mer, and so on and so forth.

-30-



WO 2020/150143 PCT/US2020/013331

{8161} In some aspects, an N-mer can comprise a 3™ ~P(4 group. In some aspects, an N-
mer can comprise a 37 -P0Os  group. In some aspects, an N-mer ¢an comprise a 37 —-PQOs
group and a 57 -POs group.

[3162] Insome aspects, an N-mer can comprise a 37 —OH group. In some aspects, and N-
mer can comprise a 57 ~OH group. In some aspects, and N-mer can comprise a 37 ~0OH group
and a 5" ~OH group.

{0163} In some aspects, an N~-mer can comprise a 3” triphosphate group. In some aspects, an
N-mer can comprise a 37 triphosphate group. In some aspects, an N-mer can comprise 3 37
triphosphate group and a 57 triphosphate group.

{0164} In some aspects, an N-mer can comprise RNA. In some aspects, ap N-mer can
coraprise DNA . In some aspects, an N-mer can comprise XNA. In some aspects, an N-mer
can comprise DNA and RNA, referred to herein as a chimerie N-mer. In some aspects, an N-
mer can comprise DNA and XNA, also referred to herein as a chimeric N-mer. ki some
aspects, an N-mer can comprise RNA and XNA, also referred to herein as a chimeric N-mer.
In some aspects, an N-mer can comprise DNA, RNA and XNA| also referred to heremm as a
chimeric N-mer.

{0165] An N-mer can be wholly or partially comprised of DNA, RNA or XNA. An N-mer
can be about 1%, or about 5%, or about 10%, or about 15%, or about 20%, or about 25%, or
about 30%, or about 35%, or about 40%, or about 45%, or about 50%, or about 55%, or about
60%, or about 63%, or about 70%, or about 75%, or about 80%. or about 85%, or about 90%,
or about 95% RNA. An N-mer can be about 1%, or about 5%, or about 10%, or about 15%,
or about 20%, or about 25%., or about 30%, or about 35%, or about 40%, or about 45%, or
about 50%, or about 55%, or about 60%, or about 65%, or about 70%, or about 73%, or about
80%, or about 85%, or about 90%. or about 85% DNA. An N-mer can be about 1%, or about
556, or about 10%, or about 15%, or about 2056, or about 25%, or about 30%, or about 35

or about 40%, or about 453%, or about 50%, or about 55%, or about 60%, or about 65%, or
about 70%, or about 75%, or about 80%, or about 85%, or about 90%, or about 95% XNA.
[0166] In some aspects, an N-mer can be a chimeric N-mer comprising a deoxyribose 57
{(DNA) terminus and a ribose 37 (RNA) terminus. In some aspects, an N-mer can be a
chimeric N-mer comprising a deoxyribose 37 {DNA) terminus and a ribose 57 (RNA)
terminus. In some aspects, an N-mer can be a chimeric N-mer comprsing a deoxyribose 57
{DNA) terminus and a 37 XNA termunus. In some aspects, an N-mer can be a chimeric N-mer
comprising a deoxyribose 37 (DNA)Y terminus and a 57 XNA terminus. In some aspects, an N-

mer can be a chimeric N-mer comprising a ribose 5° (RNA) terminus and a 3”7 XNA terminus.
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In some aspects, an N-mer can be a chimeric N-mer comprising a ribose 37 (RNA) terminus
and a 57 XNA termimus.

{0167} In some aspects, an N-mer can be a chimeric N-mer comprising a deoxynbose 57
{DNA) termunus and a deoxyribose 3° (DNA) terminus. In some aspects, an N-mer can be a
chimeric N-mer comprising a ribose 37 (RNA) terminus and a ribose 37 (RNA) terminus. In
some aspects, an N-mer can be a chimeric N-mer comprising a 57 XNA terminus and a 37
XNA ferminus.

[0168] In some aspects, an N-mer can comprise a reversible extension blocking group. A
reversible extension blocking group is a chemical group that prevents ligation and/or
extension at the terminus of the nucleic acid molecule to which it 1s attached and that can be
removed, tor example by exposure to light of a specific wavelength or to a particular
chemical. In some aspects, a reversible extension blocking group can be a photo-liable
blocking group or a 4.4 -dimethoxvirityl phosphate {(BMT-P(34). An N-mer can have a
reversible blocking group at the 5™ terminus. An N-mer can have a reversible blacking group
at the 37 terminus. An N-mer can have a reversible blocking group at both the 5" and the 37
terminus. As used herein, the terms “blocking group” and “protecting group™ are used
mterchangeably. As vsed herein, the terms “removing the blocking group™ and
“deprotecting” are used interchangeably.

[3169] In some aspects, the 57 end of an N-mer can be activated by 57 adenylation for
subsequent ligation with appropuately selective enzymes.

{0176} N-mers as descnbed herein can be used in any method of the present disclosure, as

described herem.

Libraries of N-mers
{8171} In some aspects, the present disclosure provides a composition comprising a library
of N-mers. A library of N-mers comprises a phurality of N-mer species such that there is at
cast one N-mer comprising every possible nucleic acid sequence for the given leagth of N-
mers in the library. For example, in a library of N-mers, wherein the N-mers comprise 3
nucleotides (3-mer), there are 64 possible sequences of 3 nucleotides. Thus a 3-mer Library of
the present disclosure comprises at least 64 species of 3-mers. In ancther example, ina
hibrary of N-mers, wherein the N-mers comprise 4 nucleotides {4-mer), there are 256 possible
sequences of 4 nucleotides. Thus, a 4-mer library of the present disclosure comprises at least
256 species of N-mers. fn another example, m a library of N-mers, wherein the N-mers

comprise 5 nucleotides (5-mer), there are 1024 possible sequences of 5 nucleotides. Thus, a
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5-mer hbrary of the present disclosure comprises at least 1024 species of N-mers. This can be
extrapolated to libraries of N-mers with anv number of nucleotides in cach N-mer: a library
of N-mers that comprise x nucleotides {(x-mer) comprise at least 4° different species of x-
METs,

172} In some aspects, the present disclosure provides libraries of N-mers comprising all
possible 3-mers {64}, or 4-mers (256}, or S-mers (1024}, or 6-mers (4096}, or 7-mers
{16,384), or 8~-mers {(63,536), or 9-mers (262,144}, or 10~-mers (1,048,576}, and so on and so
forth, wherein the N-mers in the Iibrary comprise DNA, RNA, XNA or any combination
thercof .

{3173} In some aspects, in libraries of the present disclosure, each species of N-mer can be
present in the same amount. In some aspects, in hibraries of the present disclosure, each
species of N-mer can be present in different amounts. In some aspects, in libraries of the
present disclosure, some species of N-mer are present in the same amount and other species
of N-mer are present 1 different amounts.

{8174} Each N-mer in a library of N-mers can comprise any atiribute or feature as described
herein.

{8175} Librancs of N-mers as described herein can be used in any method of the present

disclosure, as described herein.

Anchor Primers
{0176} In some aspects, the present disclosure provides compositions comprising anchor
primer sequences. The terms “anchor primer sequences” and “anchor primers” are used
mterchangeably herein.
18177  Anchor pnmer seguences can comprise a polyoucleotide. Anchor primer sequences
can comprise at least about 1 nucleotide, or at least about 2 nucleotides, or at least about 3
nucleotides, or at least about 4 nucleotides, or at least about 3 nucleotides, or at least about 6
nucleotides, or at least about 7 nucleotides, or at least about 8 nucleotides. or at least about 9
nucleotides, or at least about 10 nucleotides, or at least about 11 nucleotides, or at least about
12 nucleotides, or at least about 13 nucleotides, or at least about 14 nucleotides, or at least
about 15 nucleotides, or at least about 16 nucleotides, or at least about 17 nucleotides, or at
least about 18 nucleotides, or at least about 19 nucleotides, or at least about 20 nucleotides, or
at feast about 21 nucleotides, or at least about 22 nucleotides, or at least about 23 nucleotides,
or at least about 24 nucleotides, or at Jeast about 25 nucleotides, or at least about 26

nucleotides, or at least about 27 nucleotides. or at least about 28 nucleotides, or at least about

-33 -



WO 2020/150143 PCT/US2020/013331

29 nuacleotides, or at least about 30 nucleotides, or at least about 31 nucleotides, or at least
about 32 nuclectides, or at least about 33 nucleotides, or at least about 34 nucleotides, or at
least about 35 nucleotides, or at least about 40 nucleotides, or at least about 45 nucleotides, or
at fcast about 530 nucleotides, or at least about 60 nucleotides, or about 70 nucleotides, or
about 30 mucleotides, or about 90 noclestides, or about 100 nuclectides.

10178} In some aspects, an anchor primer sequence can comprise RNA. In some aspects, an
anchor primer sequence can comprise DNA . In some aspects, an anchor primer sequence can
comprise or consist of XNA. In some aspects, an anchor primer seguence can comprise DNA,
RNA, XNA or any combination thereof. An anchor primer sequence can be wholly or
partially comprised of DNA, RNA or XNA. An anchor primer sequence can be about 1%, or
about 5%, or about 10%, or about 15%, or about 20%, or about 25%, or about 30%, or about
33%, or about 40%, or about 45%, or about 30%, or about 535%, or about 60%, or about 65%,
or about 70%, or about 75%, or about 0%, or about 85%, or about 90%, or about 95% RNA.
An anchor primer sequence can be about 1%, or about 5%, or about 10%, or about 15%, or
about 20%, or about 25%, or about 30%, or about 35%, or about 40%, or about 45%, or about
50%, or about 55%, or about 60%, or about 65%, or about 7096, or about 73%, or about 80%,
or about 83%, or about 80%, or about 953% DNA. An N-mer can be about 19. or about 5%,

or about 10%, or about 15%, or about 20%, or about 25%, or about 30%, or about 35%, or

25
about 40%, or about 45%, or about 50%, or about 55%, or about 60%, or about 65%. or about
70%, or about 75%. or about 80%, or about 85%, or about 90%. or about 95% XNA.

10179}  In some aspects, an anchor primer sequence can be double-stranded. An anchor
primer sequence can be single~stranded. An anchor primer sequence can be partially double-
stranded. An anchor primer sequence can be partially single-stranded.

{0188} In some aspects, an anchor primer sequence can comprise a restriction endonuclease
site. The terms “restriction endonuclease site” and “restriction site” are used interchangeably
herein. In some aspects, an anchor primer sequence can comprise at least about 1 restriction
site, or at least about 2 restriction sites, or at least about 3 restriction sites, or at least about 4
restriction sites, or at least about 3 restriction sites, or at least about 6 restriction sites, or at
least about 7 restriction sites, or at least about 8 restriction sites, or at least about ¥ restriction
sites, or gt least about 10 restriction sifes.

{0181} In some aspects, an anchor primer sequence can comprise an EcoRI restriction siie.
in some aspects, an anchor primer sequence can comprise a Myl restriction site. In some
aspects, an anchor primer sequence can comprise an EcoRV restriction stte. In some aspects,

an anchor primer sequence can comprise a Sbif restriction site. Endonuclease restriction sites
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melude, but are not limited to, Acll, HindIIE, Sspl, MiuCl Pcil, Agel, BspMI, BfuAl SexAl,
Mhul, Bee Al HpyCH4LY, HpyCHA4IH, Bacl BsaXi, Al Spel, Berl, Bmrl, Bglh, Afel
Alul, Stul, BspDl, Clal, PI-5cel, Nsii, Asel, Swal, CspCl, Mfel, Nb.BssSi, BssSal, BmgBl,
Pmii, Alel, EcoP 151, Pvull, AlwNI, BisiMutl, Ndel, CviAll, Fatl, Niali, Msli, FspEI, Xceml,
BetXI, PAMI, Beel, Neol, BeeY1, Faul, TspMI, Xmal, Smal, Nt. CviPl, LooPl, A, Sacll,
BsrBl, Hpall, Mspl, ScrFl, StyD4l, Bsall, Bsl, Bigl Neil, Avrll, Malf, Nt Bbv(l,
Nb.BbvCl, BbvCl, Sbfl, Bpul0l, Bsu36l, EcoNi, HpvAV, BstNI, PspGl, Styl, Begd, Pvul,
BstUI, Eagl, Rsrdl, BaiFl, BaWli, BsmBI, Esp3L, Hpy99l, MspA 11, AbaSi, Mspll, SgrAl,
Bfal, BspCNI, Xhol, PacR71, Earl, Acul, Pstl, Bpmli, Ddel, Sfcl, AfllE, BpuEL Sml, Aval,
BsoBl, Mboli, Bbsl, Xowmi, Bsmi, Nb.Bsml, EcoRlI, Hgal, Zral, Aatil, Tth111L PAFI, PshAl
Abdl, Drdl, EcoS3kl, Sacl, BseRI, Mivi, Plel, Nt. BstNBI, Hinfl, EcoRV, Sau3Al, Mbol,
Dpnll, Dpol, BsaBI, Thif, BerDi, Nb. BsrDE, Bbvl, Nb Bisl, Btsal, BstAPI, SfaNi, Sphi, Siff,
MNmeAHl Nael, NgoMIV, Bgll, AsiSE BtegZl Hhal HinP1, BesHIL Notl, FaudHE, Cac8l,
Mwol, Bmti, Nhel, Nt.BspOl, BspQl, Sapl, Blpl, Tsel, ApcKl, Bspl2861, Alwl, Nt Alwl,
BamH]i, BtsCl, Fokl, Haelll, Fsel, Sfil, Narl, Plu'Tl, 8fol, Kasl, Ascl, Ecil, BsmFI, Apal,
PspOMI, Sau96l, NialV, Kpnl, Acc65l, Beal, Hphl, BstEIL Avall, Banl, BacGl, BsaHi,
Banif, CviQl, Rsal, BaVl, Sall, Nt.BsmAl, Beol, BsmAl Apall, Bsgl, Accl, Hpy 16611,
Tsp45L, Hpal, Pmel, Hincll, BstHKAIL TspRi, Apol, Apol-HF, Nspl, BsrFal, BstY1, Haell,
CviKi-1, Eco0109], PpuMIi, [-Ceul, SnaBI, I-Scel, BspHI, BspEL Mmel, Tagol, Nrul,
Hpy188L Hpy18&HI Xbal, Bell, Boll-HF, HpyCHA4VY, Fspl, PI-Pspl, Mscl, BsrGI, Msel,
Pacl, Psid, BsiBI, Dral, PspXl, BsaWI, BsaAl or Eael sites. A restriction site can be a
restriction site for offset cutting restriction enzymes, also called Tvpe H S restriction
endonuclease. A non-limiting example of a Type I S restriction endonuclease is the enzyme
Miy1,

[3182] An anchor primer sequence can be directly or indivectly attached to a solid support.
Attachments may be non-covalently mediated, such as by biotin and avidin interactions or
may be covalent links, such as a range of “click” chemisiries. Attachments may include spacer
molecules such as polvethviene glyeol (PEG) or tnicthylene glyeol (TEG).

[8183] An anchor primer sequence can comprise at least about 1, or at least about 2, or at
feast about 3, or at least about 4, or at least about 5, or at least about 6, or at least about 7, or
at feast about 8, or at least about 9, or at least about 10 abasic nucleic acid molecules. The
terms “abasic nucleic acid molecule” and “abasic site” are used interchangeably herein. An

abasic nucleic acid molecule 1s a nucleic acid molecule that has neither a purine nor a
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pyrimidine base. A polynuclectide comprising a basic nucleic acid molecule can be cleaved
with DNA glycosvlate-lvase endonuclease VIEH.

{3184} An anchor primer sequence can comprise at least about 1, or at feast about 2, or at
cast about 3, or at least about 4, or at least about 5, or at least about 6, or at least about 7, or
at least about &, or at least about 9, or at least about 10 deoxyvuridine nucleic acid molecules.
The terms “deoxyuridine nucleic acid molecules” and “deoxyuridine sites” are used
mterchangeably herein. A deovunidine site can be transformed 1oto an abasic by treatment
with Uracil DNA glveosvlase, then the resulting abasic site may be cleaved using DNA
glveosylate-lvase endonaclease VIEHL

[B185]  An anchor primer sequence can comprise at least about 1, or at least about 2, or at
cast about 3, or at least about 4, or at least about 5, or at least about 6, or at least about 7, or
at least about &, or at feast about 9, or at least about 10 deoxyinosine nucleic acid molecules.
The terms “deoxyinosing nucleic acid molecule” and “deoxvinosine site” are used
mterchangeably herein. A deoxyinosine site can be cleaved with endonuclease V.

[8186] An anchor primer sequence can comprise a targeting nucleic acid sequence that is
complementary to a girde RNA . The targeting nucleic acid sequence can then be cleaved by
Cas9 and the complementary guide RNA.

{0187} In some aspects, anchor primers are designed to allow the specific removal of any
additional sequence and/or nucleic acid fragment that has been extended from the end of the
anchoring primer sequence. Specific removal of the additional sequence and/or nucleic acid
fragment may be accomplished in several ways. In a non-limiting example, a restriction site
located between the additional sequence/nucleic acid fragment and the anchor primer
sequence can be cleaved with the appropriate restriction endonuclease. In some aspects, the
restriction site located between the additional sequence/mucleic acid fragment and the anchor
primer sequence can be formed by hybridizing a short reverse complementary
oligonucleotide to the anchor primer sequence. In another non-limiting example, an abasic
site located between the additional sequence/mucleic acid fragment and the anchor primer
sequence can be cleaved using DNA glvcosviate-lyase endonucicase VIl In another non-
himiting example, a deoxyunidine site located between the additional sequence/mucleic acid
fragment and the anchor primer sequence can be first converted nto an abasic site using
Uracil DNA glycosylase, and the abagsic site ther cleaved using DNA glyeosvlate-lyase
endonuclease VI, In another non-limitng example, a deoxyinsone site between the
additional sequence/nucleic acid fragment and the anchor primer sequence can be cleaved

using endonucieass V.
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{8188} Figure 2 shows four exemplary anchor primer sequences of the present disclosure
attached to solid supports. fn these non-limiting examples, the sclid supports are beads.
{0189] Figure 2A shows an anchor primer sequence for use i a 37 extension geometric
synthesis method of the present disclosure. The anchor primer seguence comprises a low-
complexity polynucleotide that is attached to the solid support bead at s 57 terminus, The 37
terminus is therefore exposed for ligation and extension of nucleic acid fragments.
Hyvbridized to the anchor primer sequence is a short reverse complementary oligomucleotide.
The short reverse complementary oligonucleotide 1s hyvbnidized such that the resulting
double-stranded structure comprises a Miyl restriction site, shown i red font.

{0190} Figure 2B shows an anchor primer sequence for use in a 57 extension geometric
synthesis method of the present disclosure. The anchor primer seguence comprises a low-
complexity polynucleotide that is attached to the solid support bead at its 37 terminus. The 57
terminus is therefore exposed for ligation and extension of nucleic acid fragments.
Hyvbridized to the anchor primer sequence is a short reverse complementary oligomucleotide.
The short reverse complementary oligonucleotide 1s hyvbnidized such that the resulting
double-stranded structure comprises a Mivl restriction site (shown in red font), an EcoRI
restriction site {shown in green font), an EcoRVY (shown in blue font) and a Sbfl site (shown
m purple font).

{3191} Figure 2C shows an anchor primer sequence for use in a 37 extension geometric
synthesis method of the present disclosure. The anchor primer sequence comprises a low-
complexity polynucieotide that is attached to the solid support bead at #s 57 terminus. The 37
terminus 1s therefore exposed for hgation and extension of nucleic acid fragments. The
anchor primer sequence comprises a deoxyuridine site (U) at the 37 terminos (shown in red)
that can be transformed into an abasic site through the activity of Uractd DNA glycosylase.
The resulting abasic site may then be cut using DNA glycosylate-lvase endonuciease Vil
{3192} Figure 2D shows an anchor primer sequence for use in 2 37 extension geometric
synthesis method of the present disclosure. The anchor primer sequence comprises a low-
complexity polynucieotide that is attached to the solid support bead at #s 37 terminus. The §°
terminus 1s therefore exposed for hgation and extension of nucleic acid fragments. The
anchor primer sequence comprises a combination of deoxyadenosine (A} and deoxyingsine
{I} at the 57 terminus {(shown in red font} that can be cleaved by Endonuclease V.

{0193} Anchor primers as described herein can be used in any method of the present

disclosure, as described herein,

i
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Solid supports
{8194} In some aspects, the prosent disclosure provides compositions comprising solid
supports. Solid supports can mclude, but are not limited to, magnetic microscopic beads or
non-~-magnetic microscopic beads. The beads can comprise polvacrvianude, polystyrene,
crosslinked agarose, or other similar materials. Solid supports can include, but are not hnnted
to, plastic or glass surfaces, such as the surfaces of wells of multi-well plates. In some
aspects, solid supports may be treated to enhance the nucleic acid binding properties or
permit specific enzyvmatic activities. In some aspects, solid supports may be treated to prevent
non-specific or un-wanted binding,
[3195}] In some aspects, a solid support of the present disclosure can comprise a plurahity of
chambers. The chambers can be arranged n a grid. For example, a solid support of the
present disclosure can be 3 6, 12, 24 48, 96, 384 or 1536 well micropiate. Chambers can be
hold an array of beads with attached anchor primers.
{0196} In some aspects, a solid support of the present disclosure can be connected to a
microthudic system for the delivery of reagents,
18197} Solid supports as described herein can be used in any method of the present

disclosure, as described herein.

Overlapping sefs of nucleic acid fragments
{0198] The present disclosure provides a composition comprising a set of overlapping
nucleie acid fragments. A set of overlapping nucleic acid fragments can comprise a plurality
of nucleic acid fragments. Each nucleic acid fragment 1o the plurality of nucleic acid
fragments can comprise at least about 2, or at least about 5, or at least about 10, or at least
about 20, or at least about 25, or at least about 30, or at least about 33, or at least about 40, or
at Icast about 45, or at least about 30, or at least about 55, or at Ieast about 60, or at least
about 65, or at least about 70, or at least abowut 73, or at least about 80, or at least about 85, or
at least about 90, or at least about 95, or at least about 100, or at least about 105, or at least
about 110, or at least about 115, or at least about 120, or at least about 123, or at least about
130, or at least about 135, or at least about 140, or at teast about 145, or at least about 150
nucleotides. In some aspects, cach nucleic actd fragment in the plurality of nucleic acid
fragments can comprise at least about 96 nucleotides.
{0199] In a set of overlapping nucleic acid fragments, a first nucleic acid fragment can
comprise a first region that 1s complementary 1o a second nucleic acid fragment, the second

nucleic acid fragment can comprise a first region that is complementary to the first nucleic
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acid fragment and a second region that is complementary to a third nucleic acid fragment, the
third nucleic acid fragment can comprise a first region that is complementary to the second
nucleic acid fragment and a sccond region that is complementary to a fourth nucleic acid
fragment, and so on and so forth. The regions of a nucleic acid fragment that are
complementary to another nucleic acid fragment in a st can be referred to as the overap
regions. The overlap regions can comprise at least about 1 nucleotide, or at least about 2
nucleotides, or at least about 3 nucleotides, or at least about 4 nucleotides, or at least about 5
nucleotides, or at least about 6 nucleotides, or at least about 7 nucleotides, or at least about 8
nucleotides, or at least about 9 nucleotides, or at least about 10 nucleotides, or at Ieast about
11 nucleotides, or at least about 12 nuclcotides, or at least about 13 nucleotides, or at least
about 14 nuclecotides, or at least about 15 nucleotides, or at least about 16 nucleotides, or at
feast about 17 mucleotides, or at least about 18 nucleotides, or at least about 19 nucleotides, or
at least about 20 nuclectides, or at least about 21 nucleotides, or at least about 22 nucleotides,
o1 at least about 23 nucleotides, or at least about 24 nucleotides, or at least about 25
nucleotides, or at least about 26 nucleotides, or at least about 27 nucleotides, or at least about
28 nuclestides, or at least about 29 nucleotides, or at least about 30 nucleotides, or at least
about 31 nucleotides, or at least about 32 nucleotides, or at least about 33 nucleotides, or at
cast about 34 nucleotides, or at least about 35 nucleonides, or at least about 40 nucleotides, or
at keast about 45 nocleotides, or at least aboot 50 nucleotides, or at least about 60 nucleotides.
In some aspects, the overlap regions can comprise 24 nucleotides.
{0200} The regions of a nucleic acid fragment that arc not complementary to another
nucleic acid fragment can comprise at least about 30 nucieotides, or at least about 31
nucleotide, or at least about 32 nucleotides, or at least about 33 nucleotides, or at least about
34 nucleotides, or at least about 35 nucleotides, or at least about 36 nucleotides, or at least
about 37 nucleotides, or at least about 38 nucleotides, or at least about 39 nucleostides, or at
feast about 40 mucleotides, or at least about 41 nucleotides, or at least about 42 nucleotides, or
at least about 43 nucleotides, or at least about 44 nucleotides, or at least about 45 nucleotides,
or at least about 46 nucleotides, or at least about 47 nucleotides, or at least about 48
nucleotides, or at least about 49 nucleotides, or at least about 50 nucleotides, or at least about
51 nuclectides, or at least about 52 nuclcotides, or at least about 53 nucleotides, or at least
about 534 nuclectides, or at least about 35 nucleotides, or at least about 56 nucleotides, or at
least about 37 nucleotides, or at least about 58 nuclentides, or at least about 59 nucleotides, or
at fcast about 60 nucleotides, or at least about 61 nucleotides, or at least about 62 nucleotides,

or at least about 63 nucleotides, or at least about 64 nuclectides, or at least about 65
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nucleotides, or at least about 70 nucleotides, or at least about 75 mucleotides, or at least about
80 nucleotides, or at least about 85 nucleotides.

{0201] Overlapping sets of nucleic acid fragments as described herein can be used m any
method of the present disclosure, as described herein.

10202} In some aspects, in a set of overlapping nucleic acid fragments, at least one of the
nucleic acid fragments can be a chimeric nucleic acid fragment comprising a deoxvribose 57
{(DNA) terminus and a ribose 37 (RNA) terminus. In some aspects, at least one of the nucleic
acid fragments can be a chimeric nucleic acid fragment comprising a deoxyribose 37 (DNA)
terminus and a ribose 57 (RNA) terminus. In some aspects, at least one of the nucleic acid
fragments can be a chimeric nucleic acid fragment comprising a deoxyribose 57 (DNA)
terminug and a deoxyribose 37 (BNA) terminus. {n some aspects, at least one of the nucleic
actd fragments can be a chimeric nucleic acid fragment comprising a ribose 57 {RNA})

o

terminus and a ribose 37 (RNA) terminus.
10203} In some aspects, the nucleic acid fragments in a set of overlapping nucleic acid

fragments can be an N-mer of the present disclosure.

Methods of the present disclosure

Geometric Synthesis
[0204] 'The present disclosure provides methods of geometric synthesis of nucleic acid
sequenaes. Methods of geometric synthesis inchude a geometric 37 method {also referred to as
the 3’ extension geometric synthesis method), a geometric 57 (also referred to as the §7
extension geometric synthesis method) method, a geometric transposase method, a geometric
37, 5 co-svnthesis method {also referred to as the 57 extension and 37 extension geometric co-
synthesis), a 37 exiension paraliel synthesis method and a 57 extension parallel synthesis
method.
{0205} Figures T and 15 depict a schematic overview of the geometric synthesis methods of
the present disclosure. First a plurality of N-mers as described above is provided. In Figures 1
and 15, there are § different N-mer species provided. Also provided are anchor primers that
are attached to solid supports. In Ligation 1, a single N-mer 1s igated onto the anchor primers
that are attached to the solid sapport to create a N-meri-anchor primer complex. In Ligation
2, a second N-mer is ligated to the exposed end of the first N-mer io extend the first N-mer
and create a N-mer-anchor primer complex. Afier ligation, a subset of the N-merz-anchor
primer complexes are designated to be donor samples and the other subset of the N-mer-

anchor primer complexes are designated to be target samples. The higated N-mers are cleaved
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from the anchor primers i the donor samples, releasing a nacleic acid fragment that
compnses two ligated N-mers. In ligation 3, the released nucleic acid fragments are then
ligated onto the exposed end of an N-mer m a target sample to extend the target sample N-
mer-anchor primer comples, thereby forming a N-mers-anchor primer complex. After
ligation, a subsct of the N-mers-anchor primer complexes are designated to be donor samples
and the other subset of the N-men-anchor primer complexes are designated to be target
samples. The higated N-mers are cleaved from the anchor primers in the donor samples,
releasing a nucleic acid fragment that compnises four ligated N-mers. In Ligation 4, the
released nocleic acid fragments are then higated onto the exposed end of an N-mer in a target
sample to extend the target sample N-mers-anchor primer complex, thereby forming a N-
merz-anchor primer complex. After ligation, a subset of the N-mers-anchor primer complexes
are designated to be donor samples and the other subset of the N-merg-anchor primer
complexes are designated to be target samples. The ligated N-mers are cleaved from the
anchor primers in the donor samples, releasing a nucleic acid tragment that comprises cight
higated N-mers. In ligation 3, the released nucleic acid tragments are then ligated onto the
exposed end of an N-mer in a target sample to extend the target sample N-mers-anchor

primer complex, thereby forming a N-mene-anchor primer complex.

3’ extension geometric synifiesis
10206} 'The present disclosure provides a 37 extension geometric synthesis method. A 37
extension geometric synthesis method is a goometric synthesis as described in Figures 1 and
15, wherein the anchor primers are atfached to the sohd support via their 57 terming, thercby
leaving their 37 termini exposed for ligation and extension.
10207} Ina 3 extension geomgetae synthesis method, a plurality of N-mers as described
above 1s provided, wherein the N-mers comprise a —POs group at the 37 terminus and the 5
terminug. Also provided are anchor primers that are attached to a solid support via their §°
terminus. Thus, the 37 termini of the anchor primers, which comprise an ~OH group, are
exposed for ligation and extension.
[0208] A 3 extension geometric synthesis method can comprise the steps:

1} ligating an N-mer species onto the exposed 37 terminus of the anchor primers;

23 optionally incobating the ligation products from step (1) with a 3" to 57 specific
cxonuclease, such as Klenow polymerase, to remove un-ligated anchor primers from the solid
supports. A polymerase such as a Klenow polymerase cannot digest nucleic acid molecules

comprising a 37 ~P04 group;
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3) incubating the samples from step (2) with a phosphatase, such as calf intestinal
alkaline phosphatase {(CIP) or shrimp alkaline phosphatase (SAP} to remove the 37 P04 from
the higated N-mers;

4) higating a second N-mer to the 37 termuinus of an N-mer hgated in step 1;

53 optionally incubating the ligation products from step (4) with a 37 to 57 specific
exonuclease, such as Klenow polymerase, to remove un-ligated anchor primers from the solid
suppotrts;

6) designating a subset of the sampies from step (5) as donor samples and a subset of
samples from step (5} as target samples;

7y incubating the target samples from step {(6) with a phosphatase such as calf
miestinal alkaline phosphatase (CIP) or shrimp alkaline phosphatase (SAP) to remove 37 —
PO groups;

8 releasing the ligated N-mers in the donor samples from the anchor primer to
which thev are ligated, wherein releasing preserves both 3™ and 57 —PQOs groups;

9} ligating the released ligated N-mers from step (8) to the target samples from step
(7%

10} repeating steps 5-9 with the higation products from step (9).

{0209} Ina 3" extension geometnc synthesis method, step (10} can be repeated until the
desired nucleic acid fragment has been synthesized. The desired nucleic acid fragment can
then be released from the anchor primer to which it is ligated.

{0210} Figures 3-8 show a schematic overview of an exemplary synthesis of a nucleic acid
molecule using a 37 extension geometric svnthesis method of the present disclosure. The
nucleic acid to be synthesized comprises a fragment of the deguorea vicioria green-
fluorescent protein {GFP). Figure 3A shows the entire coding region of the 4. vicioria GFP.
The fragment to be synthesized 1s depicted in colored font and comprises a portion of the
sequence:
TACACACGAATAAAAGATAACAAAGATGAGTAAAGGAGAAGAACTTTTCACTGG
AGTTGTCCCAATTCTTGTTGAATTAGATGGCGATGTTAATGGGCAAAAATTCTCT
GTCAGTGGAGAGGOTGAAGGTGATGCAACATACGGAAAACTTACCCTTAAATTT
ATTTGCACTACTGGGAAGCTACCTGTTICCATGGCCAACACTTGTCAC (BEQ ID NO:
1},

{0211} The fragment to be synthesized is subdivided into cight N-mers, wherein cach N-

mer comprises 21 nucleotides. The N-mers are depicted mn different colored font i Figure
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3A. The rest of the 4. vicforia GFP sequence can also be subdivided into N-mers comprising
21 nucleotides.

{0212} For the purposes of cxplaining this example, each N-mer is assigned an identificr
code as shown in Table 1.

[213] Table 1. N-mer sequences and identifier codes

Identifier Sequence SEQ I
code NO
1aAl TACACACGAATAAAAGATAAC 2
1aA2 ACTTTTCACTGGAGTTGTCCC 3
18A3 CGATGTTAATGGGCAAAAATT 4
1aA4 AGGTGATGCAACATACGGAAA 5
IbAl AAAGATGAGTAAAGGAGAAGA 6
15A2 AATTCTTGTTGAATTAGATGG 7
15A3 CTCTGTCAGTGGAGAGGGTGA 8
ibA4 ACTTACCCTTAAATTTATTITG 9

{0214] The synthesis method continues by providing a plurality of anchor primers attached
to solid supports, as shown in Figure 4. In this example, the solid supports are beads and the
anchor primers comprise the sequence GATATCGAGTCTTAAG (SEQ 1B NO: 10}

10215} N-mers 1aAl, 12A2, 1aA3, and 1aAd are theo provided with a3  and a 3° ~POs
group. N-mers 1aAl, 1aA2, 1aA3, and 1aA4 are then ligated onto the exposed 37 end of the
anchor primers as shown in Figure 4. Following ligation, a polymerase with 37-5
exonuclease activity, such as klenow polymerase, is added to remove any un-hgated anchor
primers. Calf mtestinal alkaline phosphatase (C1P) is then added to remove the 37 —PO4 group
on each of the ligated fragments. This step of svothesis resulis i nucleic acid fragments
comprising the anchor primer and one of N-mers 1aAl, 1aA2, 1aA3, and 1aA4 attached to a
solid bead, as shown in the right panel of Figure 4.

{0216} 'The synthesis method continues 1o Figure 5. N-mer 1bA1, 1bA2, 1bA3 and 1bA4 are
then provided with a 37 and a 5” —PQ4 group. The 5 end of N-mer 1bA1 is ligated onto the 37
end of N-mer 1aAl, the 5 end of N-mer 1bAZ is ligated onto the 37 end of N-mer 1aA2, the
5" end of N-mer 1bA3 1s ligated onto the 37 end of N-mer 1aA3, the 57 end of N-mer 1bA4 is
ligated onto the 3° end of N-mer 1aA4, as shown 1n the left panel of Figure 3. Following
ligation, a polvmerase with 37-57 exonuclease activity, such as klenow polymerase, 13 added
to remove any un-ligated anchor primers. For the ligated 1aA1-1bAl fragment and the ligated
1aA3-1bA3 fragment, Calf intestinal alkaline phosphatase (CiP} 1s then added to remove the

37 —P04 group on each of the higated fragments. This step of svnthesis results in the following
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nucleic acid fragments ligated to an anchor primer which is attached to a solid bead: a 1aAl-
1bA1 fragment (1A1 fragment), a 1aA2-1bA2 fragment (1A2 fragment), a 1aA3-1bA3
fragment (1A3 fragment) and a 1aA4-1bA4 fragment (1A4 fragment). The anchor primer-
1aA1-1bA1l fragment and the anchor primer-1aA3-1bA3 fragment do not have a 37 -POs
group. The anchor primer-1aA2-1bA2 fragment and the anchor primer-1aA4-1bA4 fragment
do have a 37 -PO« group. The products of this synthesis step are shown in the right panel of
Figure 5.

{8217} The synthesis method continues in Figure 6. The A2 sample and the 1A4 samples
are to be donor samples in the next synthesis round. Thus, a short reverse complementary
oligonucleotide 1s mixed with the 1A2 sample and the 1A4 sample. The short reverse
complementary oligonucleotide comprises the sequence CTATAGUTCAGAATTC (SEGQG ID
NQG: 1) and 1s complementary to the anchor primer. The short reverse complementary
cligonuclectide hybridizes to the anchor primer such that a double-stranded restriction
endonuclease site is formed. In this example, the restriction endonuciease site is a Myl
restriction endonuclease site. After hyvbridization of the short reverse complementary
oligomicleotide, the 1A2 sample and the 1A4 sample are incubated with Myl restriction
endonuclease, which cleaves at the Mivl restriction site, resulting in the release of the 1A2
fragment and 1A4 fragment.

[8218] 'The synthesis method continues i Figure 7. The 57 end of the 1A2 fragment is
ligated onto the 3 end of the 1A1 fragment that is attached to the solid support to form a
1A1-1A72 fragment and the 37 end of the 1A4 fragment is ligated onto the 3 end of the 1A3
fragment that 1s attached to the sobid support to form a 1A3-1A4 fragment. Following
higation, a polymerase with 3°-3” exonuclease activity, such as klenow polymerase, 1s added
to remove any un-ligated anchor primers. For the ligated 1A1-1A2 fragment, Calf intestinal
alkalme phosphatase (CIP) 1s then added to remove the 37 —PO4 group on the fragment. The
1A3-1 A4 fragment 1s then incubated with the short reverse complementary oligonucleotide,
which hybridizes to the anchor primer t¢ form a double-stranded restriction endonuclease
site. In this example, the site is a Mivl site. After hvbnidization of the short reverse
complementary oligonucleotide, the sample is meubated with Myl restriction endonuclease,
which cleaves the Mly! restriction site to release the 1A3-1A4 fragment, as shown in the
botton: panel of Figure 7.

{0219} The synthesis method continues in Figure §. The 37 end of the 1A3-1A4 fragment is
higated to the 37 end of the 1A 1-1A2 fragment that is attached to the solid support to form a

1A1-1A2-1A3-1A4 fragment. Following ligation, a polymerase with 3°-57 exonuclease
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activity, such as klenow polymerase, ts added to remove any un-ligated anchor primers. The
1A1-1A2-1A3-1A4 fragment 1 then incubated with short reverse complementary
oligonucleotide, which hyvbridizes to the anchor primer to form a double-stranded restriction
endonuclease site. In this example, the site is a Mivi site. After hyvbridization of the short
reverse complementary oligonuclestide, the sample 1s incubated with MivI restriction
endonuclease, which cleaves the Miyl restriction site to refcase the 1A1-1A2-1A3-1A4

fragment (the fragment that was to be synthesized), as shown in the bottom panel of Figure 8.

3 extension parallel synthesis method
{0228} The present disclosure provides a 37 extension paraliel svnthesis method. Ina 37
extension parallel synthesis method, a plurality of 37 extension geometric synthesis reactions,
as described above, are performed using N-mers and/or anchor primers that comprise a
reversible block on the 37 ~OH group. The plurality of reactions can be performed on a solid
support comprising chambers that are arranged 1n a two-dimensional grid. At different stages
of synthesis, certain reactions are allowed to proceed by removing the reversible block on the
37 —-0OH group in a particular chamber within the gnid, thereby allowing the user to control
what N-mer is meorporated in each step.
{0221} In a non-liming example, a two-dimensional grid of reactions may begin with general
attachment of 3™ reversibly blocked anchor primers. If the incorporation of a specific N-mer,
such as ACG, is required, then the region of the two-dimensional gnd where the N-mer with
the sequence ACG is required is unblocked, allowing the ACG N-mer to be incorporated only
there. Such a process ensues for all 64 possible 3-mers suitably blocked at the 37 end. Any
possible sequence combination can be mamfest at any specific location on the grid.
10222} In a non-limiting example, the reversible block may be removed by exposuore to light
Thus, a two-dimensional grid of reactions may begin with general attachment of 3” reversibly
blocked anchor primers. If the incorporation of a specific N-mer, such as ACG, 1s required,
then the region of the two-dimensional grid where the N-mer with the sequence ACG is
required is exposed to light, removing the reversible block in that region, allowing the ACG

N-mer to be incorporated only there.

3 extension geomeltric synthesis method
{0223} The present disclosurce provides a §° extension geometric synthesis method. A 57
exiension geometric synthesis method is a geometric synthesis as described m Figures 1 and

15, wherein the anchor primers are attached to the solid support via their 3° termint, thereby
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leaving their 57 termind exposed for ligation and extension. In some aspects of the 57
extension geometric synthesis method, a plurality of N-mers as described above is provided,
wherein the N-mers comprise a —OH group at the 37 terminus and the 37 terminus. Also
provided are anchor priumers that are attached to a solid support via their 37 terminus. Thus,
the 57 ternuni of the anchor primers, which comprise an ~PQy group, are exposed for higation
and extension.

10224} A 5 extension geometric synthesis method can comprise the steps:

I} ligating an N-mer species onto the exposed 57 terminus of the anchor primers;

2} optionally, incubating the ligation products from step (1) with a 57 1o 37 specific
cxonuclease, such as lambda cxonuclease, to remove un-tigated anchor primers from the solid
supports. Lambda exonuclease cannot digest nucleic acid molecules comprising a 57 -0OH
group.

3} optionally mcubating the samples from step (2) with polvnucleotide kinase (PNK},
to produce a —PO4 group at cach 37 teminus;

4} ligating a second N-mer to the 57 terminus of an N-mer ligated m step |

5) optionally, incubating the ligation products from step (4) with 3 57 to 37 specific
exonuclease, such as lambda exonuclease, to remove un-tigated anchor primers from the solid
supports;

6) designating a subset of the samples from step (5} as donor samples and a subset of
samples from step (5) as target samples;

7} optionally incubating the target samples from step (6) with polvaucleotide kinase
(PNE), to produce a —PQO4 group at cach 57 termimnus;

8) releasing the ligated N-mers in the donor samples from the anchor primer to which
they are ligated, wherein releasing preserves both 37 and 57 ~OH groups;

9} ligating the released ligated N-mers from step (8) to the target samples from step
(7x:

10} repeating steps 5-9 with the ligation products from step (9).

{0225] In a 3 cxtension geometric synthesis method, step (10) can be repeated widid the
desired nucleic acid fragment has been synthesized. The desired nucleic acid fragment can
then be released from the anchor primer to which it 1s ligated.

10226} In some aspects of the 37 extension geometric synthesis method of the present
disclosure, a plurality of N-mers as described above is provided, whercin the N-mers
comprise an —OH group at the 37 termunus and a P04 at the 5™ terminus. The —PO4 group can

be attached a protecting group.
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5 extension paraliel synthesis method
{9227} The present disclosurce provides a 57 extension paralle! synthesis method. Ina 57
extension parallel synthesis method, a plurality of 57 extension geometric synthesis reactions,
as described above, are performed using N-mers and/or anchor primers that comprise a
reversible block on the 37 -PQO4 group. The plurality of reactions can be performed on a solid
support comprising chambers that are arranged 1n a two-dimensional grid. At different stages
of synthesis, certain reactions are allowed to proceed by removing the reversible block on the
57 P04 group i a particular chamber within the gnid, thereby allowing the user to control
what N-mer 1s incorporated in each step.
{06228} In a non-liming example, a two-dimensional grid of reactions may begin with general
attachment of 37 reversibly blocked anchor primers. If the incorporation of a specific N-mer,
such as ACG, is required, then the region of the two-dimensional gnd where the N-mer with
the sequence ACG is required is unblocked, allowing the ACG N-mer to be incorporated only
there. Such a process ensues for all 64 possible 3-mers suitably blocked at the 57 end. Any
possible sequence combination can be mamfest at any specific location on the grid.
{0229} In a non-limiting example, the reversible block may be removed by exposure to light.
Thus, a two-dimensional grid of reactions may begin with general attachment of 37 reversibly
blocked anchor primers. If the incorporation of a specific N-mer, such as ACG, 1s required,
then the region of the two-dimensional grid where the N-mer with the sequence ACG is
required is exposed to light, removing the reversible block in that region, allowing the ACG

N-mer to be incorporated only there.

Geometric iransposase method
{02306} The present disclosure provides a geometric transposase method. A goometric
transposase method comprises the use of a collection of plasmids with reverse oriented left
and right terminal repeats derived from a precisely excising transposable element, such as
piggvBac, as shown in the bottom panel Figure 12. Each plasnud in the collection carries a
different N-mer {(e.g. a 3-, 4-, and 5-mers} that is flanked by reverse orented left and right
terminal repeats. An N-mer flanked by reverse oriented left and right terminal repeats is
herein referred to as a transposable N-mer.
{0231} In a geometric transposase method, each required transposable N-mer is oxcised from
its plasmid backbone by an appropriate restriction endonuclease (RE) or similar digestion

along with the flanking reverse ortented left and right terminal repeats, as shown in the top
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panel of Figure 12. A plurality of anchor primers attached to a solid support are then
provided.
{0232} In some aspecis, a geometric transposase method can comprise:

1) ligating a transposable N-mer to an anchor primer attached to a solid support;

2) optionally, cleaning up the reaction from step (1);

3} higating a sccond transposable N-mer 10 a transposable N-mer higated in step (1}

4) optionally, cleaning up the reaction from step (3);

3} incubating the products of step (4) with a transposase to excise the mtervening
sequence between the two ligated N-mer sequences;

5} designating a subset of the samples from step (5) as donor samples and a subset of
samples from step (5) as target samples;

7} releasing the N-mers in the donor samples from the anchor pnimer to which they
are higated,

8} ligating the released ligated N-mers from step (8) to the target samples from step
(7%

9} cleaning up the reaction from step (8);
10} repeating steps 5-9 with the products of step (9).

{08233} Figure 13 shows a schematic overview of a goometric transposase method of the
present disclosure.
10234} In a geometric transposase method, step (10) can be repeated until the destred nucleic
acid fragment has been svathesized. The desired nucleic acid fragment can then be released

from the anchor primer to which it is ligated.

Geometric 37, 5 co-synthesis method

g

$4235] The present disclosure provides a geometric 37, 57 co-synthesis method. A geometric
3°, 57 co-synthesis method comprises the use of a set of overlapping nucleic acid fragments,
as described above. The bottom panel of Figure 10 shows a set of six overlapping nucleic
acid fragments.
[10236] The top panel of Figure 11 shows a set of 16 overlapping nucleic acid fragments. A
geometric 37, 57 co-synthesis method can comprise:

1) annealing the overlapping set of nucleic acid fragments together;

2} performing polymerase extension reactions to extend the 37 end of cach of the
annealed nucleic acid fragments;

3} higating the extended fragments from step (2} together.
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18237} Figure 11 shows a schematic overview of a geometric 37, 5 co-synthesis method.

10238} In a geometric 37, 37 co-syathesis method, the set of overlapping nucleic acid
fragments can be generated using any mcethod of the present disclosure, mncluding but not
bimited to, a geometric transposase method of the present disclosure, a 3” extension geometric
synthesis method of the present disclosure, a 37 extension geometric synthesis method or any

combination thereof

5" modular linear synthesis method
18239} The present disclosure also provides a 5” modular linear syothesis method. Figare 18
depicts a schematic overview of the 5” modular lincar synthesis method of the present
disclosure. In a 57 modular linear synthesis method, an anchor primer 1s first attached to a
solid support, either directly or indirectly, via the 37 terminus of the anchor primer. After the
anchor primer is attached, the next step of the 3” modular synthesis method is to higate the 37
terminus of an N-mer of the present disclosure to the 5 terovinus of the anchor prumer
attached to the sohid support. This step is shown in panel A of Figure 18, where an N-mer
labeled “A” 1s ligated onto an anchor primer referred to as a “T7 Anchor”. Followmng the first
ligation step, any optional protecting groups on the 57 terminus of the ligated N-mer can be
removed prior to the next ligation step.
68240} The method continues with the higation of the 3”7 terminus of a second N-mer to the 57
end of the ligated first N-mer. Thus step is shown in panel B of Figure 13, where an N-mer
labeled “B” 15 ligated onto the “A” N-mer. Following this second ligation step, any optional
protecting groups on the 5 terminus of the newly ligated N-mer can be removed prior o the
next ligation step.
10241} The method continues with the ligation of the 37 terminus of a third N-mer to the 5
end of the ligated second N-mer. This step 1s shown i panel C of Figure 18, where an N-mer
labeled “C” is higated onto the “B” N-mer. Following this third higation step, any optional
protecting groups on the 57 terminus of the newly ligated N-mer can be removed prior to the
next ligation step.
8242} The method continues with the ligation of the 37 termunus of a fourth N-mer to the §7
end of the ligated third N-mer. This step ts shown in panel D of Figure 18, where an N-mer
labeled “D 1s ligated onto the “C” N-mer,
{0243} In some aspects, the ligation steps in the 5” modular lincar synthesis method can be
repeated as many times as necessary using the appropriate N-mers to generate any full length

nucleotide sequence.
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3" modular linear synthesis method
{0244] The present disclosure also provides a 3° modular linear synthesis method. Ina 3°
modular hincar synthesis method, an anchor primer is first attached to a solid support, either
directly or indirectly, via the 57 terminus of the anchor primer. After the anchor primer is
attached, the next step of the 3° modular synthesis method is to ligate the 57 ternunus of an N-
mer of the present disclosure to the 37 terminus of the anchor primer attached to the solid
support. Following the first higation step, any optional protecting groups on the 37 terminus of
the ligated N-mer can be removed prior to the next ligation step.
{0245} The method continues with the ligation of the 57 terminus of a second N-merto the 37
end of the ligated first N-mer. Following this second ligation step, any optional protecting
groups on the 37 terminus of the newly higated N-mer can be removed prior to the next
ligation step.
10246} The method continues with the ligation of the 5 terminus of a third N-mer to the 37
end of the ligated second N-mer. Following this third ligation step, any optional protecting
groups on the 37 terminus of the newly higated N-mer can be removed prior to the next
ligation step.
{6247} The method continues with the higation of the 5 terminus of a fowrth N-mer to the 37
end of the ligated third N-mer.
19248} In some aspects, the ligation steps in the 37 modular lincar svnthesis method can be
repeated as many times as necessary using the appropriate N-mers to generate any full length

nucleotide sequence.

General Meihods
[0249] In all methods of the present disclosure, N-mers and/or anchor primers can comprise a
deoxyribose 57 {BNA) terminus and a ribose 37 (RNA) terminus. N-mers and/or anchor
primers that comprise deoxyribose 37 (DNA) termini and a ribose 37 (RNA) termini exhibit
mereased ligation efficiencies as compared to the ligation of two fragments both 5” and 37
deoxyribose (DNA) termuni or both 57 and 37 ribose (RNA) termint,
10258} In all methods of the present disclosure, following any ligation reaction, any higated
N-mers can be adenylated at the 57 terminus. The N-mers can be adenylated using methods
konown in the art, including, but not limited to, treating the N-mers with Mth RNA hgase.
{82531} In all methods of the present disclosure, following any ligation reaction, any ligated

N-mers can be phosphoryiated at the 3 terminus. The N-mers can be phosphorylated using

W
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methods known in the art, mcluding, but not bmited to, treating the N-mers with T4
polynuclestide kinase,

{0252} In all methods of the present disclosure, un-ligated N-mers and unattached anchor
primers can be digested and removed using an exonuclease. In some aspects of 537 extension
methods of the present disclosure, a 57 to 37 exonuclease can be used to digest and remove
un-Hgated N-mers and unatiached anchor primers. In some agpects of 37 extension methods
of the present disclosure, a 37 to 57 exonuclease can be used to digest and remove un-ligated
MN-mers

10253} In all methods of the present disclosure, prior to any exonuclease digestion reaction,
the N-mers and/or higated N-mers to be digested can be de-adenvlated. De-adenylation can be
accomplished using methods known in the art, including, but not limited to, treating the N-
mers with 8. cerevisice 57 deadenylase.

10254} In all methods of the present disclosure, protecting groups kocated onthe 5” or 37 end
of an N-mer can be removed using methods known in the art. These methods can include, but

are not limited 1o, acid and base washing steps.

EXAMPLES
Example ©: Ligation of N-mers comprising XNA
8235} The following is an example that demonstrates that N-mers comprising XNA can be
ligated m the methods of the present disclosure.
{0256] First, a biotinylated anchor primer comprising a 5™ POs group, followed by a DNA
spacer sequence, followed bv a TEG spacer linked to a biotin moiety, was attached 1o
streptavidin-coated, magnetic beads. The DNA spacer comprised an internal fluorescein
labeled d'T and the sequence TAGTAGCGAACTACTGGACCCG-Fluor-T-CCTTCACC
(SEQ 1D NO: 12). The biotinylated anchor primer was operably linked to the streptavidin-
coated, magnetic beads (MyOne Dynal, Invitrogen) by incabating 500 pmols of the anchor
primer for cach 1 mg of beads used, such that the concentration of anchor primer in the
reaction was | uM and the concentration of beads was Z mg/ml. The incubation buffer
comprised phosphate-buffered saling (PBS) with 0.01% TWEEN20. The reactions were
meupbated for 30 minutes at room temperature and vortexed. After incubation, the beads were
washed three times with 0.7 ml of wash buffer comprising (20 mM HEPES, 0.01%
TWEEN20, pH 8.0). The beads were then suspended in the wash buffer at a concendration of

10 mg/ml and stored at 4° C unti] further use.

]
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18257} In this experiment, 3 different N-mers were tested. The sequence of the N-mers is
shown n Table 2. The Chimera N-mer comprised a terminal 37 ribonuclectide (r{). The LNA
chimera N-mer comprised an LNA (+T) and a terninal 3° ribonucleotide (+C). The Intemal

Cy3 N-mer comprised an internal Cy3 label.

Table 2. Sequences of N-mers

N-mer Mame Sequence SEQID NO:
Chimera N-mer GGAGACTCCTGGCGACGAC 79
LNA chimera N-mer | GGAGACHTCCTGGGACGALC 80
Internal Cy3 N-mer | GGAGAGCY3TCCTGGGACGAK]C 81

+ = denotes Locked Nucleic Acid (LNA); iCy3=denotes interal Cy3 fluorophore.

{0258} In a first bgation reaction, the 3° terminus of the Clhimera N-mer was ligated to the §7
terminus of the bead-bound anchor primer. In a second ligation reaction, the 3° terminus of
the LNA chimera N-mer was ligated to the 57 terminus of the bead-bound anchor primer. fn a
third ligation reaction, the 37 terminus of the Internal Cy3 N-mer was ligated to the §°
terminus of the bead-bound anchor primer.

{0259] For the ligation reactions, 2.5 uM of anchor primer/beads were incubated with 0.5 uM
of the respective fragment (A or () in the presence of 1.5 units/ ul of T4 RNA ligase T ma
buffer comprising 20 mM HEPES pH 8.0, 530 mM Potassium Acetate, 10 mM Magnesium
Acetate, 0.1 mg/mi BSA and 0.01% TWEEN 20. The ligation reactions were incubated at 21°
C for 30 mimites. Aficr the ligation reaction, the beads were washed using a magnetic
separator by washing three times with 0.7 mi of a buffer comprising 20 mM HEPES pH 8.0
and 0.01% TWEEN 20, followed by a wash with 0.7 ml of 0.01% TWEEN 20.

{0269] Figure 17 shows polyacrvlamide gel analvsis of these ligation reactions. The contents
of cach lane of the gel are described 1n Table 3. Figure 17 shows that N-mers comprising
XNA can be ligated using the methods of the present disclosure.

Table 3. Lane descriptions

Lane # Bescription
1 100 bp marker
2 Anchor primer
3 Aunchor primer + Ligase

B

Anchor primer + Chimera N-mer ligation reaction
Anchor primer + LNA Chimera N-mer higation reaction

()]
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6 | Anchor primer + Internal Cy3 chimera ligation reaction |

INCORPORATION BY REFERENCE
10261} Every document cited herein, including any cross referenced or related patent or
application 1s herchy mcorporated herein by reference n its entirety unless expressly
excloded or otherwise limited. The citation of any document is not an admission that it 15
prior art with respect to any invention disclosed or claimed herein or that it alone, or in any
combination with any other reference or references, teaches, suggests or discloses any such
mvention. Further, to the extent that any meaning or definition of a term mn this document
contlicts with any meaning or definition of the same term in a document mmeorporated by

reference, the meaning or definition assigned to that term in this document shall govern.

OTHER ASPECTS
10262} While particular aspects of the present disclosure have been illustrated and
desenibed, vanious other changes and modifications can be made without departing from the
spirtt and scope of the present disclosure. The scope of the appended claims includes all such
changes and modifications that are within the scope of the present disclosure.

{0263} Any of the above aspects can be combined with any other aspect.

]
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CLAIMS

What is claimed is:

1. A composition comprising a nucleic acid (NA) sequence capable of participating in
geometric synthesis or parallel synthesis reactions, wherein the nucleic acid sequence
comprises an arbitrary length, wherein the nucleic acid sequence comprises at least one

xenonucleic acid.

2. The composition of claim 1, comprising a plurality of NA sequences, wherein each
NA sequence of the plurality of NA sequences comprises or consists of a 3-nucleotide
oligonucleotide (a 3-mer), a 4-nucleotide oligonucleotide (a 4-mer), or a 5-nucleotide
oligonucleotide (a 5-mer), wherein at least one NA sequence in the plurality of NA sequences

comprises at least one xenonucleic acid.

3. The composition of claim 2, wherein each NA sequence of the plurality of NA
sequences comprises or consists of a 3-mer and wherein the plurality of NA sequences

comprises 64 unique NA sequences.

4. The composition of claim 2, wherein each NA sequence of the plurality of NA
sequences comprises or consists of a 4-mer and wherein the plurality of NA sequences

comprises 256 unique NA sequences.

5. The composition of claim 2, wherein each NA sequence of the plurality of NA
sequences comprises or consists of a 5-mer and wherein the plurality of NA sequences

comprises 1024 unique NA sequences.

6. The composition of claim 2, wherein the plurality of NA sequences comprises or
consists of each unique 3-mer NA sequence, each unique 4-mer NA sequence and each
unique 5-mer NA sequence, and the plurality of NA sequences comprises 1344 unique NA

sequences.

7. The composition of any one of claims 1-6, wherein each NA sequence of the plurality

of NA sequences comprises a monophosphate at a 3° end or at a 5° end of the NA sequence.
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8. The composition of any one of claims 1-6, wherein each NA sequence of the plurality

of NA sequences comprises a monophosphate at a 3° end and at a 5° end of the NA sequence.

9. The composition of any one of claims 1-8, wherein each NA sequence of the plurality

of NA sequences is 5° adenylated.

10.  The composition of any one of claims 1-9, wherein each NA sequence of the plurality

of NA sequences comprises a hydroxyl group ata 3” end or at a 5° end of the NA sequence.

11.  The composition of any one of claims 1-9, wherein each NA sequence of the plurality

of NA sequences comprises a hydroxyl group at a 3° end and at a 5° end of the NA sequence.

12. The composition of any one of claims 1-11, wherein each NA sequence of the
plurality of NA sequences comprises a photo-convertible blocking group ata3’ end orata 5’

end of the NA sequence.

13.  The composition of any one of claims 1-11, wherein each NA sequence of the
plurality of NA sequences comprises a photo-convertible blocking group at a 3’ end and at a

5" end of the NA sequence.

14.  The composition of any one of claims 1-13, wherein each NA sequence of the
plurality of NA sequences comprises an O-2-nitrobenzyl blocking ata 3” end or ata 5° end of

the NA sequence.

15.  The composition of any one of claims 1-13, wherein each NA sequence of the
plurality of NA sequences comprises an O-2-nitrobenzyl blocking at a 3’ end and ata 5° end

of the NA sequence.

16.  The composition of any one of claims 1-15, wherein each NA sequence of the

plurality of NA sequences comprises a triphosphate at a 5° end of the NA sequence.

17. The composition of any one of the preceding claims, wherein at least one NA sequence of
the plurality of NA sequences, a portion of the NA sequences of the plurality of NA

sequences or each NA sequence of the plurality of NA sequences comprises at least one

-55-



WO 2020/150143 PCT/US2020/013331

xenonucleic acid (XNA), at least one deoxyribonucleic acid (DNA) and at least one

ribonucleic acid (RNA).

18. The composition of any one of the preceding claims, wherein at least one NA
sequence of the plurality of NA sequences, a portion of the NA sequences of the plurality of
NA sequences or each NA sequence of the plurality of NA sequences comprises at least one
xenonucleic acid (XNA) and at least one deoxyribonucleic acid (DNA) or at least one

ribonucleic acid (RNA).

19. The composition of any one of the preceding claims, wherein at least one NA
sequence of the plurality of NA sequences, a portion of the NA sequences of the plurality of
NA sequences or each NA sequence of the plurality of NA sequences consists of a

xenonucleic acid (XNA).

20. The composition of any one of the preceding claims, wherein the XNA comprises a
morpholino, a peptide nucleic acid (PNA), a 2°-O-methyl RNA, a 2’-fluoroarabino nucleic
acid (FANA), a locked nucleic acid (LNA), a 1,5-dianhydrohexitol (HNA), a cyclohexene

nucleic acid (CeNA), a threose nucleic acid (TNA), a glycol nucleic acid (GNA) or any

combination thereof.

21. The composition of any one of the preceding claims, wherein the XNA comprises a

nucleic acid analog.

22. The composition of any one of the preceding claims, wherein the XNA comprises a

modified nucleic acid.

23. The composition of any one of the preceding claims, wherein the XNA comprises a

non-naturally occurring nucleic acid.

24, The composition of any one of the preceding claims, wherein the XNA comprises a

synthetic nucleic acid.

25. The composition of any one of the preceding claims, wherein the XNA comprises a

locked nucleic acid (LNA).
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26. The composition of any one of the preceding claims, wherein the XNA comprises a
detectable label.
27. The composition of claim 26, wherein the label comprises a fluorophore, a

chromaphore or a radioisotope.

28. The composition of claim 26, wherein the label comprises a fluorophore.
29. The composition of claim 28, wherein the fluorophore comprises Cy3.
30. The composition of any one of the preceding claims, wherein at least one NA

sequence of the plurality of NA sequences, a portion of the NA sequences of the plurality of
NA sequences or each NA sequence of the plurality of NA sequences comprises a chimeric

sequence.

31. A composition comprising a nucleic acid sequence comprising an anchor primer
sequence, wherein the anchor primer sequence comprises a nucleic acid sequence comprising
a spacer and a moiety and wherein the spacer and the moiety attach the anchor primer
sequence to a solid support at a first end, and a release element, wherein the release element
comprises at least one nucleic acid sequence that facilitates release of a distal sequence at a
second end, wherein the distal sequence is located 3 of the release element, and wherein the

anchor primer sequence comprises at least one XNA.

32, The composition of claim 31, wherein the moiety is positioned at a 5* end of the

anchor primer sequence or at a 5 end of the nucleic acid sequence.

33. The composition of claim 31, wherein the moiety is positioned at a 3” end of the

anchor primer sequence or at a 3" end of the nucleic acid sequence.

34.  The composition of any one of claims 31-33, wherein the moiety allows direct

covalent attachment of the anchor primer sequence to the solid support.
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35.  The composition of any one of claims 31-33, wherein the moiety allows indirect or

non-covalent attachment of the anchor primer sequence to the solid support.

36.  The composition of any one of claims 31-35, wherein the moiety comprises an azide.
37.  The composition of any one of claims 31-35, wherein the moiety comprises an
alkyne.

38.  The composition of any one of claims 31-35, wherein the moiety comprises a

dibenzocyclooctyne (DBCO).

39.  The composition of any one of claims 31-35, wherein the moiety comprises a biotin.

40.  The composition of any one of claims 31-39, wherein the spacer comprises a

polyethylene glycol (PEG).

41.  The composition of any one of claims 31-39, wherein the spacer comprises a

42.  The composition of any one of claims 31-41, wherein the release element or the distal

sequence comprises a deoxyuridine.

43.  The composition of any one of claims 31-41, wherein the release element or the distal
sequence comprises a penultimate deoxyinosine at a 5° end of the release element, the distal

sequence or the nucleic acid sequence.

44, The composition of any one of claims 31-41, wherein the release element or the distal

sequence comprises an abasic deoxyribose.

45.  The composition of any one of claims 31-41, wherein the release element or the distal
sequence comprises a Type Il S endonuclease site, an offset cutter endonuclease site, or a

restriction endonuclease site.

46.  The composition of claim 45, wherein the release element or the distal sequence

comprises a restriction endonuclease site.
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47.  The composition of claim 45 or 36, wherein the release element or the distal sequence

comprises a Mlyl restriction endonuclease site.

48.  The composition of any one of claims 31-47, wherein the release element or the distal
sequence comprises a sequence capable be being cleaved by a single-stranded specific Cas9

endonuclease.

49.  The composition of any one of claims 31-48, wherein the anchor primer sequence or
the nucleic acid sequence comprising the anchor primer sequence has minimal secondary

structure.

50.  The composition of any one of claims 31-48, wherein the anchor primer sequence

comprises a long homopolymeric tract or a simple bi-polymeric tract.

51.  The composition of any one of claims 31-48, wherein the anchor primer sequence

comprises a long bi-polymeric tract comprising a form [CT]N.

52. The composition of any one of claims 31-51, comprising a plurality of nucleic acid
sequences comprising an anchor primer sequence or a plurality of anchor primer sequences,
wherein at least one nucleic acid sequence of the plurality of nucleic acid sequences or at
least one anchor primer sequence of the plurality of anchor primer sequences comprises a NA

sequence or a composition of any one of claims 1-16.

53.  The composition of claim 52, wherein each nucleic acid sequence of the plurality of
nucleic acid sequences or each anchor primer sequence of the plurality of anchor primer

sequences comprises a NA sequence or a composition of any one of claims 1-16.

54, The composition of claim 52 or 53, wherein the anchor primer sequence of the at least
one nucleotide sequence or of each nucleotide of the plurality of nucleic acid sequences
comprising an anchor primer sequence has been extended to comprise the NA sequence or

the composition of any one of claims 1-16.
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55. The composition of claim 52 or 53, wherein the at least one anchor primer sequence
or each anchor primer sequence of the plurality of anchor primer sequences has been

extended to comprise the NA sequence or the composition of any one of claims 1-16.

56. The composition of claim 52 or 53, wherein the composition comprises a plurality of

64, 256, 1024 or 1344 unique nucleic acid sequences.

57. The composition of claim 54 or 55, wherein the composition comprises a plurality of

64, 256, 1024 or 1344 unique nucleic acid sequences.

58.  The composition of any one of claims 52-57, wherein each unique nucleic acid

sequence comprises a monophosphate at a 3” end or at a 5” end.

59.  The composition of any one of claims 52-57, wherein each unique nucleic acid

sequence comprises a hydroxyl group at a3’ end or ata 5 end.

60. A composition comprising a solid support for the attachment of an anchor primer
sequence or a plurality of anchor primer sequences, wherein the anchor primer sequence or at

least one anchor primer sequence in the plurality comprises at least one XNA.

61. The composition of claim 60, wherein the solid support comprises a plurality of

monodispersed beads.

62. The composition of claim 61, wherein each of the plurality of monodispersed beads

comprise polyacrylamide.

63. The composition of claim 61, wherein each of the plurality of monodispersed beads

comprise agarose.

64. The composition of claim 61, wherein each of the plurality of monodispersed beads

comprise polystyrene.

65. The composition of claim 61, wherein each of the plurality of monodispersed beads

comprise ferromagnetic particles.
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66. The composition of claim 60, wherein the solid support comprises a well or chamber.

67. The composition of claim 60 or 66, wherein the solid support comprises a plurality of

wells or chambers.

68. The composition of claim 67, wherein the plurality of wells comprises a multi-well
plate.

69. The composition of claim 60, wherein the solid support comprises a glass.

70. The composition of claim 69, wherein the solid support comprises a glass slide.

71. The composition of claim 60, wherein the solid support comprises a quartz.

72. The composition of claim 71, wherein the solid support comprises a quartz slide.

73. The composition of claim 60, wherein the solid support comprises a polystyrene.

74. The composition of claim 73, wherein the solid support comprises a polystyrene slide.
75. The composition of any one of claims 60-74, wherein the solid support comprises a

coating and wherein the coating prevents non-specific binding of unwanted proteins,

unwanted nucleic acids or other unwanted biomolecules.

76.  The composition of claim 75, wherein the coating comprises polyethylene glycol

(PEG).

77. The composition of claim 75, wherein the coating comprises triethylene glycol

(TEG).

78. A composition comprising
an enzyme,

one or more reaction components and
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specific N-mer substrates, wherein each N-mer substrate is capable of one and only
one unit extension from either a 3° end or 5” end of an anchor primer in a geometric NA

synthesis reaction, and wherein at least one N-mer substrate comprises at least one XNA.

79. The composition of claim 78, wherein the one or more reaction components comprise

potassium acetate, tris-acetate, magnesium acetate or bovine serum albumin.

80.  The composition of claim 78 or 79, wherein the one or more reaction components

comprise polyethylene glycol 8000, hexamine cobalt chloride or adenosine triphosphate.

81.  The composition of any one of claims 78-80, wherein the enzyme is selected from the
group consisting of a ribozyme, a T4 RNA ligase, a T4 DNA ligase, a calf intestinal alkaline
phosphatase, a shrimp alkaline phosphatase, a Klenow large fragment (3°-5" exonuclease), a
lambda exonuclease (5°-3” exonuclease), a polynucleotide kinase, a terminal
deoxynucleotidyl transferase (TdT), a DNA polymerase theta, an endonuclease V, an uracil

DNA glycosylase, an endonuclease VIII, a 5" deadenylase or a transposase.

82.  The composition of any one of claims 78-80, wherein the enzyme is a ribozyme.

83. The composition of claim 81, wherein the transposase is a piggyBac transposase, a

sleeping beauty transposase, or a Tn10 transposase.

84.  The composition of any one of claims 78-83, wherein the enzyme comprises a

mutation or a sequence variation having a desired new or a selectively eliminated activity.

85.  The composition of any one of claims 31-84, wherein an anchor primer comprises an
XNA.

86.  The composition of any one of claims 31-85, wherein an anchor primer comprises an
XNA and a DNA or an RNA.

87.  The composition of any one of claims 31-84, wherein an anchor primer consists of
XNA:s.
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88. A composition comprising any nucleic acid sequence derived from 3’ extension
geometric synthesis, 5° extension geometric synthesis, 3” extension parallel synthesis or 5°3’
co-synthesis.

89. A vector comprising a composition of any one of claims 1-88.

90. The vector of claim 89, further comprising a 5” inverted terminal repeat (ITR) and a
3" ITR.

91. The vector of claim 90, wherein, from 5° to 3°, the vector comprises the 5° ITR, a

least one N-mer sequence, and the 3 ITR.

92, The vector of any one of claims 89-91, further comprising a selectable marker.

93. The vector of claim 92, wherein the selectable marker comprise a sequence encoding

an antibiotic resistance gene.

94, The vector of claim 93, wherein the sequence encoding an antibiotic resistance gene

comprises a sequence encoding an ampicillin resistance gene.

95. A composition comprising the vector of any one of claims 89-94.

96. The composition of any one of claims 1-30, wherein each NA sequence of arbitrary
length capable of participating in geometric synthesis or parallel synthesis reactions

comprises DNA, RNA, XNA or a combination thereof.

97. The composition of any one of claims 1-30 or 96, wherein the NA sequence

comprises a 5° terminal base that is a DNA base and a 3’ terminal base that is an RNA base.
98. The composition of any one of claims 1-30 or 96-97, wherein either or both the 5° and

3’ terminal nucleotides of each NA sequence possesses a reversible dimethoxytrityl-

phosphate group.
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99.  The composition of any one of claims 1-30 or 96-98, wherein each NA sequence

possesses an arbitrary number of DNA,RNA or XNA nucleotides in an arbitrary order.

100. A method comprising:

a) contacting at least one first plurality of solid supports and at least one first plurality
of anchor primers, under conditions that allow for the attachment of a 3” terminus of at least
one anchor primer of the at least one first plurality of anchor primers to at least one solid
support of the at least one first plurality of solid supports to produce at least one first anchor
primer-substrate complex;

b) contacting the at least one first anchor primer-substrate complex and at least one
first plurality of N-mers under conditions that append a 3” terminus of at least one N-mer of
the at least one first plurality of N-mers to a 5° terminus of the at least one first anchor
primer-substrate to produce at least one first extended anchor primer-substrate complex;

¢) contacting the at least one first extended anchor primer-substrate complex and at
least one second plurality of N-mers under conditions that append a 3 terminus of at least
one N-Mer of the at least one second plurality of N-mers to a 5° terminus of the at least one
first extended anchor primer-substrate complex to produce at least one first donor complex;

d) contacting at least one second plurality of solid supports and at least one second
plurality of anchor primers, under conditions that allow for the attachment of a 3° terminus of
at least one anchor primer of the at least one second plurality of anchor primers to at least one
solid support of the at least one second plurality of solid supports to produce at least one
second anchor primer-substrate complex;

e) contacting the at least one second anchor primer-substrate complex and at least one
third plurality of N-mers under conditions that append a 3” terminus of at least one N-mer of
the at least one third plurality of N-mers to a 5° terminus of the at least one second anchor
primer-substrate to produce at least one second extended anchor primer-substrate complex;

f) contacting the at least one second extended anchor primer-substrate complex and at
least one fourth plurality of N-mers under conditions that append a 3° terminus of at least one
N-mer of the at least one fourth plurality of N-mers to a 5° terminus of the at least one second
extended anchor primer-substrate complex to produce at least one first target complex;

@) releasing at least one composition comprising the at least one N-mer of the at least
one first plurality of N-mers and the at least one N-mer of the at least one second plurality of
N-mers from the at least one first donor complex to produce at least one released intermediate

complex; and
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h) contacting the at least one first target complex and the at least one released
intermediate complex under conditions that append a 3” terminus of the at least one released
intermediate complex to a 5° terminus of the at least one target complex to produce at least
one first extended target complex,

wherein at least one N-mer and/or at least one anchor primer comprises at least one

XNA.

101.  The method of claim 100, wherein appending comprises enzymatic ligation under

conditions that allow for ligase activity.

102.  The method of claim 100, wherein appending comprises ligation that is not

enzymatic.

103.  The method of claim 101, wherein the enzymatic ligation comprises T4 RNA ligase

activity.

104.  The method of any one of claims 100-103, further comprising, after the production of
the at least one first anchor primer-substrate complex, removing at least one unattached

anchor primer.

105. The method of claim 104, further comprising, prior to removing the at least one
unattached anchor primer, de-adenylating the at least one first anchor primer-substrate

complex.

106.  The method of any one of claims 100-105, further comprising, after the production of
the at least one second anchor primer-substrate complex, removing unattached anchor

primers.

107. The method of claim 106, further comprising, prior to removing the at least one
unattached anchor primer, de-adenylating the at least one second anchor primer-substrate

complex.

108.  The method of claim 104 or claim 106, wherein removing the at least one unattached

anchor primer comprises an exonuclease activity.
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109.  The method of claim 108, wherein the exonuclease comprises a 5° to 3” specific

exonuclease.

110.  The method of claim 109, wherein the 5° to 3” exonuclease cannot digest nucleic acid

molecules comprising a 5> —OH group.

111.  The method of any one of claims 100-110, further comprising, after production of the
at least one first extended anchor primer-substrate complex, removing at least one un-

appended N-mer.

112, The method of claim 111, further comprising, prior to removing the at least one un-
appended N-mer, de-adenylating the at least one first extended anchor primer-substrate

complex.

113.  The method of any one of claims 100-112, further comprising, after production of the

at least one first donor complex, removing at least one un-appended N-mer.

114, The method of claim 113, further comprising, prior to removing the at least one un-

appended N-mer, de-adenylating the at least one first donor complex.

115.  The method of any one of claims 100-114, further comprising, after production of the
at least one second extended anchor primer-substrate complex, removing at least one un-

appended N-mer.

116. The method of claim 115, further comprising, prior to removing the at least one un-
appended N-mer, de-adenylating the at least one second extended anchor primer-substrate

complex.

117.  The method of any one of claims 100-116, further comprising after production of the

at least one first target complex, removing at least one un-appended N-mer.

118.  The method of claim 117, further comprising, prior to removing the at least one un-

appended N-mer, de-adenylating the at least one first target complex.
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119. The method of any one of claims 100-117, further comprising, after production of the

at least one first extended target complex, removing at least one un-appended N-mer.

120.  The method of claim 119, further comprising, prior to removing the at least one un-

appended N-mer, de-adenylating the at least one first extended target complex.

121.  The method of any of claims 111, 113, 115, 117 or 119, wherein removing the at least

one un-appended N-mer comprises an exonuclease activity.

122.  The method of claim 121, wherein the exonuclease comprises a 5° to 3” specific

exonuclease.

123.  The method of claim 122, wherein the 5° to 3” exonuclease cannot digest nucleic acid

molecules comprising a 5> —OH group.

124.  The method of claim 123, wherein the 5° to 3” exonuclease comprises a lambda

exonuclease, a XRN-1 exonuclease or a combination thereof.

125.  The method of any of claims 112, 114, 116, 118 or 120, wherein de-adenylating

comprises an enzymatic activity.

126. The method of any of claims 112, 114, 116, 118 or 120, wherein de-adenylating

comprises a non-enzymatic activity.

127.  The method of claim 125, wherein enzymatic activity comprises a deadenylase

activity.

128.  The method of claim 127, wherein the deadenylase comprises a S. cerevisiae 5’

deadenylase.

129.  The method of any one of claim 100-128, wherein the at least one first plurality of N-

mers, the at least one second plurality of N-mers, the at least one third plurality of N-mers,
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the at least one fourth plurality of N-mers or any combination thereof comprise(s) at least one

N-mer comprising an OH group at the 3” terminus and the 5° terminus of the N-mer.

130.  The method of claim 129, further comprising, after production of the at least one first
extended anchor primer-substrate complex and before contacting the at least one first
extended anchor primer-substrate complex with at least one second plurality of N-mers,
appending a PO4 group to the 5° end of at least one N-mer of the at least one first plurality of

N-mers.

131.  The method of claim 129 or 130, further comprising, after producing the at least one
second extended anchor primer-substrate complex and before contacting the at least one
second extended anchor primer-substrate complex and at least one fourth plurality of N-mers,
appending a PO4 group to the 5° end of at least one N-mer of the at least one third plurality of

N-mers.

132, The method of any one of claims 129-131, further comprising, prior to contacting the
at least one first target complex and the at least one released intermediate complex,
appending a PO4 group to the 5° end of at least one N-mer of the at least one fourth plurality

of N-mers.

133.  The method of any of claims 130-132, wherein appending a PO4 group comprises
enzymatic phosphorylation.

134.  The method of any of claims 130-132, wherein appending a PO4 group comprises

non-enzymatic phosphorylation

135. The method of claim 133, wherein the enzymatic phosphorylation comprises T4

polynucleotide kinase activity.
136.  The method of any one of claims 129-135, wherein releasing the at least one

composition occurs under conditions that preserve the OH group at the 3” terminus and the

OH group at the 5” terminus of the at least one N-mer.
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137. The method of any one of claims 100-128, wherein the at least one first plurality of
N-mers, the at least one second plurality of N-mers, the at least one third plurality of N-mers,
the at least one fourth plurality of N-mers or any combination thereof comprise(s) at least one
N-mer comprising an OH group at the 3" terminus and a PO4 group at the 5° terminus of the

N-mer.

138.  The method of claim 137, wherein the PO4 group is operably-linked to a protecting
group.

139.  The method of claim 138, wherein the protecting group comprises 4,4°-

dimethoxytrityl phosphate.

140. The method of claim 138 or 139, further comprising, after production of the at least
one first extended anchor primer-substrate complex and before the production of the at least
one first donor complex, removing the protecting group from the at least one first extended

anchor primer-substrate complex.

141.  The method of any one of claims 138-140, further comprising, after production of the
at least one second extended anchor primer-substrate complex and before the production of
the at least one first target complex, removing the protecting group from the at least one

second extended anchor primer-substrate complex.

142, The method of any one of claims 138-141, further comprising, before production of
the at least one first extended target complex, removing the protecting group from the at least

one first target complex.

143.  The method of any one of claims 137-142, wherein releasing the at least one
composition occurs under conditions that preserve the OH group at the 3” terminus and the

PO4 group at the 5° terminus of the N-mer.

144,  The method of any one of claims 137-143, further comprising, after production of the
at least one first extended anchor primer-substrate complex and before the production of the
at least one first donor complex, adenylating the 5 terminus of the at least one first extended

anchor primer-substrate complex.

- 69 -



WO 2020/150143 PCT/US2020/013331

145.  The method of any one of claims 137-144, further comprising, after production of the
at least one second extended anchor primer-substrate complex and before the production of
the at least one first target complex, adenylating the 5° terminus of the at least one second

extended anchor primer-substrate complex.

146. The method of any one of claims 137-145, further comprising, before production of
the at least one first extended target complex, adenylating the 5° terminus of the at least one

first target complex.

147.  The method of any of claims 144-146, wherein adenylating comprises enzymatic

activity.

148.  The method of any of claims 144-146, wherein adenylation comprises non-enzymatic

activity.

149.  The method of claim 147, wherein enzymatic activity comprises Mth RNA ligase

activity.

150. A method comprising:

a) contacting at least one first plurality of solid supports and at least one first plurality
of anchor primers, under conditions that allow for the attachment of a 5° terminus of at least
one anchor primer of the at least one first plurality of anchor primers to at least one solid
support of the at least one first plurality of solid supports to produce at least one first anchor
primer-substrate complex;

b) contacting the at least one first anchor primer-substrate complex and at least one
first plurality of N-mers under conditions that append a 5° terminus of at least one N-mer of
the at least one first plurality of N-mers to a 3* terminus of the at least one first anchor
primer-substrate to produce at least one first extended anchor primer-substrate complex;

¢) contacting the at least one first extended anchor primer-substrate complex and at
least one second plurality of N-mers under conditions that append a 5° terminus of at least
one N-mer of the at least one second plurality of N-mers to a 3” terminus of the at least one

first extended anchor primer-substrate complex to produce at least one first donor complex;
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d) contacting at least one second plurality of solid supports and at least one second
plurality of anchor primers, under conditions that allow for the attachment of a 5° terminus of
at least one anchor primer of the at least one second plurality of anchor primers to at least one
solid support of the at least one second plurality of solid supports to produce at least one
second anchor primer-substrate complex;

e) contacting the at least one second anchor primer-substrate complex and at least one
third plurality of N-mers under conditions that append a 5° terminus of at least one N-mer of
the at least one third plurality of N-mers to a 3” terminus of the at least one second anchor
primer-substrate to produce at least one second extended anchor primer-substrate complex;

f) contacting the at least one second extended anchor primer-substrate complex and at
least one fourth plurality of N-mers under conditions that append a 5° terminus of at least one
N-mer of the at least one fourth plurality of N-mers to a 3° terminus of the at least one second
extended anchor primer-substrate complex to produce at least one first target complex;

g) releasing at least one composition comprising the at least one N-mer of the at least
one first plurality of N-mers and the at least one N-mer of the at least one second plurality of
N-mers from the at least one first donor complex to produce at least one released intermediate
complex

h) contacting the at least one first target complex and the at least one released
intermediate complex under conditions that append a 5” terminus of the at least one released
intermediate complex to a 3” terminus of the at least one target complex to produce at least
one first extended target complex, wherein at least one N-mer and/or at least one anchor

primer comprises at least one XNA.

151.  The method of claim 150, wherein appending comprises enzymatic ligation under

conditions that allow for ligase activity.

152, The method of claim 150, wherein appending comprises ligation that is not

enzymatic.

153.  The method of claim 151, wherein the enzymatic ligation comprises T4 RNA ligase

activity.
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154,  The method of any one of claims 150-153, further comprising, after the production of
the at least one first anchor primer-substrate complex, removing at least one unattached

anchor primer.

155,  The method of any one of claims 150-154, further comprising, after the production of
the at least one second anchor primer-substrate complex, removing at least one unattached

anchor primer.

156. The method of claim 154 or claim 155, wherein removing the at least one unattached

anchor primer comprises an exonuclease activity.

157.  The method of claim 156, wherein the exonuclease comprises a 3” to 5° specific

exonuclease.

158.  The method of claim 157, wherein the 3° to 5° exonuclease cannot digest nucleic acid

molecules comprising a 3° PO4 group.

159.  The method of any one of claims 150-158, further comprising, after production of the
at least one first extended anchor primer-substrate complex, removing at least one un-

appended N-mer.

160.  The method of any one of claims 150-159, further comprising, after production of the

at least one donor complex, removing at least one un-appended N-mer.
161.  The method of any one of claims 150-160, further comprising, after production of the
at least one second extended anchor primer-substrate complex, removing at least one un-

appended N-mer.

162.  The method of any one of claims 150-161, further comprising, after production of the

at least one target complex, removing at least one un-appended N-mer.

163.  The method of any one of claims 150-162, further comprising, after production of the

at least one first extended target complex, removing at least one un-appended N-mer.
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164.  The method of any of claims 159-163, wherein removing the at least one un-appended

N-mer comprises an exonuclease activity.

165. The method of claim 164, wherein the exonuclease comprises a 3” to 5° specific

exonuclease.

166.  The method of claim 165, wherein the 3” to 5° exonuclease cannot digest nucleic acid

molecules comprising a 3° PO4 group.

167. The method of claim 166, wherein the 3° to 5 exonuclease comprises a Klenow

polymerase.

168.  The method of any one of claims 150-167, wherein the at least one first plurality of
N-mers, the at least one second plurality of N-mers, the at least one third plurality of N-mers,
the at least one fourth plurality of N-mers or any combination thereof comprise(s) at least one

N-mer comprising a PO4 group at the 3” terminus and the 5° terminus of the N-mer.

169.  The method of claim 168, further comprising, after production of the at least one first
extended anchor primer-substrate complex and before the production of the at least one first
donor complex, removing the PO4 group at the 3° terminus of the at least one first extended

anchor primer-substrate complex.

170.  The method of claim 168 or 169, further comprising after production of the at least
one second extended anchor primer-substrate complex and before the production of the at
least one first target complex, removing the PO4 group at the 3° terminus of the at least one

first extended anchor primer-substrate complex.
171.  The method of any one of claims 168-170, further comprising, before production of
the at least one first extended target complex, removing the PO4 group at the 3” terminus of

the at least one first target complex.

172, The method of any of claims 169-171, wherein removing the PO4 group comprises

enzymatic phosphatase activity.

-73 -



WO 2020/150143 PCT/US2020/013331

173.  The method of any of claims 169-171, wherein removing the PO4 group comprises

non-enzymatic phosphatase activity.

174,  The method of claim 172, wherein enzymatic phosphatase activity comprises calf
intestinal alkaline phosphatase (CIP) activity, shrimp alkaline phosphatase (SAP) activity or

any combination thereof.

175. A method comprising:
a) providing

a first composition comprising a first plurality of anchor primers, wherein a 5°
terminus of at least one anchor primer is operably-linked to at least one solid
substrate and wherein the at least one anchor primer comprises a reversible
blocking group at a 3” terminus to form a first blocked anchor primer-substrate
complex and
a second composition comprising at least a second plurality of anchor primers,
wherein a 5° terminus of at least one anchor primer is operably-linked to at
least one solid substrate and wherein the at least one anchor primer comprises
areversible blocking group at a 3” terminus to form a second blocked anchor
primer-substrate complex,

b) removing the reversible blocking group from either the first blocked anchor-primer
substrate complex or the second anchor-primer substrate complex to produce at least one
unblocked anchor primer-substrate complex;

¢) contacting the unblocked anchor primer-substrate complex and at least one first
plurality of N-mers, each N-mer comprising a reversible blocking group at a 3” terminus of
the N-mer, under conditions that append a 5° terminus of at least one N-mer of the at least
one first plurality to a 3” terminus of the at least one unblocked anchor primer-substrate
complex to form at least one blocked extended anchor primer-substrate complex;

d) removing the reversible blocking group from the at least one blocked extended
anchor primer-substrate complex to produce at least one unblocked extended anchor primer-
substrate complexes; and

e) contacting the unblocked extended anchor primer-substrate complex and at least
one second plurality of N-mers, each N-mer comprising a reversible blocking group at a 3

terminus of the N-mer, under under conditions that append a 5° terminus of at least one N-
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mer of the at least one first plurality to a 3° terminus of the at least one unblocked extended
anchor primer-substrate complex to form at least one blocked donor complex,
wherein at least one N-mer and/or at least one anchor primer comprises at least one

XNA.

176.  The method of claim 175, wherein a portion of the anchor primers of the first plurality

of anchor primers are operably linked to at least one solid substrate.

177.  The method of claim 175 or 176, wherein a portion of the anchor primers of the

second plurality of anchor primers are operably linked to at least one solid substrate.

178.  The method of claim 175, wherein each anchor primer of the first plurality of anchor

primers is operably linked to at least one solid substrate.

179.  The method of claim 175 or 178, wherein each anchor primer of the second plurality

of anchor primers is operably linked to at least one solid substrate.

180. The method of claim 175, wherein each anchor primer of the first plurality of anchor

primers is operably linked to a first solid substrate.

181.  The method of claim 175 or 180, wherein each anchor primer of the second plurality

of anchor primers is operably linked to a second solid substrate.

182.  The method of claim 181, wherein the first substrate and the second substrate are the

same.

183.  The method of claim 181, wherein the first substrate and the second substrate are not

the same.

184.  The method of any one of claims 175-183, wherein the at least first plurality of anchor

primers or the at least second plurality of anchor primers is arranged in an array.
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185.  The method of any one of claims 175-183, wherein the at least first plurality of anchor
primers is arranged in a first array and the at least second plurality of anchor primers is

arranged in a second array.

186. The method of claim 184 or 185, wherein the first array and the second array are the

same.

187. The method of claim 184 or 185, wherein the first array and the second array are not

the same.

188.  The method of any one of claims 175-187, wherein the reversible blocking group is a

photo-liable blocking group.

189.  The method of claim 188, wherein removing comprises exposing the photo-liable
blocking group to light with a wavelength sufficient to induce removal of the photo-liable
blocking group.

190. A method comprising:

a) contacting at least one first plurality of solid supports and at least one first plurality
of anchor primers, under conditions that allow for the attachment of a terminus of at least one
anchor primer of the at least one first plurality of anchor primers to at least one solid support
of the at least one first plurality of solid supports to produce at least one first anchor primer-
substrate complex;

b) contacting the at least one first anchor primer-substrate complex and at least one
first plurality of N-mers under conditions that append at least one N-mers of the at least one
first plurality of N-mers to at least one first anchor primer-substrate, wherein at least one N-
mer of the at least one first plurality of N-mers comprises a sequence encoding a 5° inverted
terminal repeat (ITR) and a sequence encoding a 3” inverted terminal repeat (ITR) that are
reverse oriented with respect to each other, to produce at least one first extended anchor
primer-substrate complex;

¢) contacting the at least one first extended anchor primer-substrate complex and at
least one second plurality of N-mers under conditions that append at least one N-mer of the at
least one second plurality of N-mers to the at least one first extended anchor primer-substrate

complex, wherein at least one N-mer of the at least one second plurality of N-mers comprises
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a sequence encoding a 5° inverted terminal repeat (ITR) and a sequence encoding a 3’
inverted terminal repeat (ITR) that are reverse oriented with respect to each other, to produce
at least one first elongated complex;

d) excising from the at least one first elongated complex a nucleic acid sequence
positioned between the 3° reverse-oriented ITR of the at least one N-mer of the at least one
first plurality of N-mers and the 5° reverse-oriented ITR of the at least one N-mer of the at
least one second plurality of N-mers to produce at least one first donor complex;

e) contacting at least one second plurality of solid supports and at least one second
plurality of anchor primers, under conditions that allow for the attachment of a terminus of at
least one anchor primer of the at least one second plurality of anchor primers to at least one
solid support of the at least one second plurality of solid supports to produce at least one
second anchor primer-substrate complex;

f) contacting the at least one second anchor primer-substrate complex and at least one
third plurality of N-mers under conditions that append at least one N-mer of the at least one
third plurality of N-mers to at least one second anchor primer-substrate, wherein at least one
N-mer of the at least one third plurality of N-mers comprises a sequence encoding a 5’
inverted terminal repeat (ITR) and a sequence encoding a 3" inverted terminal repeat (ITR)
that are reverse oriented with respect to each other, to produce at least one second extended
anchor primer-substrate complex;

g) contacting the at least one second extended anchor primer-substrate complex and at
least one fourth plurality of N-mers under conditions that append at least one N-mer of that at
least one fourth plurality of N-mers to the at least one second extended anchor primer-
substrate complex, wherein at least one N-mer of the at least one fourth plurality of N-mers
comprises a sequence encoding a 5” inverted terminal repeat (ITR) and a sequence encoding a
3’ inverted terminal repeat (ITR) that are reverse oriented with respect to each other, to
produce at least one second elongated complex;

h) releasing a composition comprising the 5’ reverse oriented ITR, the at least one N-
mer of the at least one first plurality of N-mers, the at least one second plurality of N-mers,
and a 3’ reverse oriented ITR of the at least one first donor complex to produce at least one
released intermediate complex;

1) contacting the at least one first target complex and the at least one released
intermediate complex under conditions that append the at least one released intermediate
complex to the at least one first target complex to produce at least one first extended target

complex; and
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J) excising from the at least one first extended target complex a nucleic acid sequence
between the at least one N-mer of the at least one fourth plurality of N-mers and the at least
one N-mer of the at least one first plurality of N-mers located to produce at least one first
excised extended target complex, wherein at least one N-mer and/or at least one anchor

primer comprises at least one XNA.

191.  The method of claim 190, wherein the sequence encoding the 5° ITR and sequence
encoding the 3°ITR of the at least one N-mer are derived from a precisely excising
transposable element.

192,  The method of claim 190, wherein the releasing comprises an enzymatic activity.

193.  The method of claim 190, wherein the releasing comprises a non-enzymatic activity.

194,  The method of claim 192, wherein the releasing comprises a break in a sequence of

one or more of a 3" ITR, a 3 terminus, a 5° terminus, or a 5” ITR.

195. The method of claim 194, wherein the releasing produces a 5° or a 3° overhang.

196.  The method of any one of claims 190-195, wherein appending comprises an

enzymatic activity.

197.  The method of any one of claims 190-195, wherein appending comprises a non-

enzymatic activity.

198.  The method of claim 196, wherein the appending comprises a ligation.

199.  The method of any of claims 100-198, wherein at least one anchor primer comprises a

composition of any of claims 31-77.

200. A method comprising:
a) providing a template complex that comprises at least one template nucleic acid
molecule, wherein a first terminus of the template nucleic acid molecule is operably-linked to

a solid support, wherein the first terminus comprises a first primer binding region and,
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wherein a second terminus of the template nucleic acid molecule comprises a second primer
binding region;

b) contacting the template complex and at least one first amplification primer,
wherein the at least one first amplification primer comprises a nucleic acid sequence that is
complementary to the second primer binding region under conditions sufficient for the
hybridization of the at least one first amplification primer to the second primer binding
region;

¢) extending the at least one first amplification primer to produce at least one first
replicated nucleic acid molecule;

d) contacting the at least one first replicated nucleic acid molecule and at least one
substrate bound primer complex, wherein the at least one substrate bound primer complex
comprises at least one second amplification primer operably-linked to a solid support,
wherein the at least one second amplification primer comprises a nucleic acid sequence
complementary to the first primer binding region under conditions sufficient for the
hybridization of that least one second amplification primer to the at least one first replicated
nucleic acid molecule; and

e) extending the at least one second amplification primer to produce at least one first

replicated duplex.

201. The method of any of claims 100-200, wherein at least one solid support comprises a

composition of any of claims 60-77.

202. A method comprising:

(a) contacting a plurality of nucleic acid sequences under conditions suitable for at
least a first sequence to form first duplex with a second sequence and the first sequence to
form a second duplex with a third sequence, wherein each sequence comprising a first region
of complementarity and a second region of complementarity, wherein the first region of
complementarity comprises a portion of the sequence that can form a first duplex in the
presence of second sequence, wherein the second region of complementarity comprises a
portion of sequence that can form a second duplex with a third sequence, wherein the second
sequence and the third sequence are distinct; and

(b) inducing synthesis from a 3 terminus of at least one sequence of the first duplex
or the second duplex under conditions suitable for nucleic acid polymerization to form at

least 1 extended sequence.
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203. The method of claim 202, wherein the plurality of nucleic acid sequences comprises

sense sequences and antisense sequences.

204. The method of claim 202 or 203, wherein the plurality of nucleic acid sequences

comprises at least 2 sense sequences or at least 2 antisense sequences.

205. The method of claim 202 or 203, wherein the plurality of nucleic acid sequences

comprises at least 2 sense sequences or at least 2 antisense sequences.

206.  The method of claim 205, wherein the method forms at least 2 extended sense

sequences or at least 2 extended antisense sequences.

207. The method of claim 206, further comprising, appending the at least 2 extended sense
sequences or at least 2 extended antisense sequences to form a unified sense strand or a
unified antisense strand.

208.  The method of claim 207, wherein the appending comprises an enzymatic activity.

209. The method of claim 207, wherein the appending comprises a non-enzymatic activity.

210. The method of claim 208, wherein the appending comprises a ligation or a ligase

activity.

211.  The method of any one of claims 202-210, wherein at least one sequence of the

plurality of nucleic acid sequences comprises an N-mer.

212.  The method of claim 211, wherein the N-mer is a 3-mer or a 5-mer.

213.  The method of any one of claims 202-212, wherein at least one sequence of the

plurality of nucleic acid sequences is produced according to the method of any one of claims

33-184.
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214. The method of any one of claims 202-212, wherein a portion of the sequences of the
plurality of nucleic acid sequences is produced according to the method of any one of claims

33-184.

215. The method of any one of claims 202-212, wherein each sequences of the plurality of

nucleic acid sequences is produced according to the method of any one of claims 83-184.

216. A nucleic acid sequence produced according to the method of any one of claims 100-

215.

217. A vector comprising the nucleic acid sequence of claim 216.

218. A composition comprising the nucleic acid sequence of claim 216.

219. A composition comprising the vector of claim 217.

220. A cell comprising the nucleic acid sequence of claim 216.

221. A cell comprising the vector of claim 217.

222. A cell comprising the composition of claim 218 or 219.

223. A composition comprising the cell of any one of claims 220-222.
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