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PREPARATION OF LONG READ NUCLEIC ACID LIBRARIES

RELATED APPLICATIONS
(6001} This application claims prionity to U.S. Prov. App. No. 63/483213 filed
February 3, 2023; U.S. Prov. App. No. 63/373685 filed August 26, 2022; U S. Prov. App. No.
63/366896 filed June 23, 2022; U8, Prov. App. No. 63/366516 filed June 16, 2022; UK. Prov.
App. No. 63/366222 filed June 10, 2022; and U.S. Prov. App. No. 63/365361 filed May 26,
2022, which are each entitled “PREPARATION OF LONG READ NUCLEIC ACID

LIBRARIES” and which are each incorporated by reference herein in 1is entirety.

REFERENCE TO SEQUENCE LISTING
[8002] The present application is being filed along with a Sequence Listing in
electronic format. The Seguence Listing 15 provided as a file entitled YLLINC736WO, created
May 23, 2023, which 1s approximately 121,253,851 bytes in size. The information in the

electronic format of the Sequence Listing is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[6003] Some embodiments of the methods and compositions provided herein relate
1o obtaining long read information from short reads of a target nucleic acid. Some embodiments
melude steps to selectively generate, mark, and armplify long nucleic acid fragments. Some
embodiments mclude enniching for certain sequences n the long fragments with selection
probes ditected to certain genes throughout the genome and expressed regions with low
mappabtility. Some embodiments also include fragmeunting the long nucleic acid fragmeuts 1nto
shorter fragments for sequencing, and mformatically reconstructing a sequence of the target

nucleic acid.

BACKGROUND OF THE INVENTION
[0004] Current protocols for next-generation sequencing (NGS) of nucleic acid
samples routinely employ a sample preparation process that converts DNA or RNA into a

hibrary of fragmented, sequenceable templates. Sample preparation methods often require



WO 2023/230552 PCT/US2023/067467

multiple steps, material transfers, and expensive instruments to effect fragmentation, and
therefore are often difficult, tedious, expensive, and inefficient.

[0005] In one approach, nucleic acid fragment libraries may be prepared using a
transposome-based method where two transposon end sequences, one linked to a tag sequence,
and a transposase form a transposome complex. The transposome complexes are used to
fragment and tag target nucleic acids in solution to generate a sequencer-ready tagmented
library. The transposome complexes may be immobilized on a solid surface, such as through
a biotin molecule appended at the 5' end of one of the two end sequences. Use of immobilized
transposomes can provide advantages over solution-phase approaches by reducing hands-on
and overall library preparation time, cost, and reagent requirements, lowering sample mnput
requirements, and enabling the use of unpurified or degraded samples as a starting point for
library preparation. However, certain portions of a genome may be underrepresented in

libraries prepared using such transposomes.

SUMMARY OF THE INVENTION

[8006] Some embodiments of the methods and compositions provided herein a
method for preparing a nucleie acid lLibrary, comprising: (3) obtating a plurality of
fransposomes comprising transposon adaptors, wheren the plurality of transposomes is
immobilized on a solid support; (b} contacting a plurality of nucleic acid fragroents with the
plurality of transposomes to obtan a plurality of polynuclectides; {¢) amplifying the plurality
of polynucleotides to obtain amplified polynucleotides; and (d) adding library adapters to each
end of the amplified polynuclectides, thereby obtaining the nucleic acid hibrary.

[8007] in some embodiments, the solid support comprises a bead. In some
embodiments, the plurality of the transposomes 13 tmmobilized on the bead at a density such
that an average length of the plurality of polynucleotides 1s greater than about 1 kbp, 2 kbp, 5
kbp, 10 kbp, 15 kbp, 20 kbp, or 40kbp; and/or wherein the average length of the plurality of
polynucleotides 1s n a range from about 1 kbp to about 40 kbp, 1 kbp to about 30 kbp, 1 kbp
to about 20 kbp, 5 kbp to about 20 kbp, 5 kbp to about 15 kbp, or 7 kbp to about 12 kbp. In
some embodiments, the number of fransposomes immaobilized on the bead is no more than
about 100 transposomes, 50 transposomes, 40 transposomes, 30 transposomes, 20

transposomes, or 10 transposomes. In some embodiments, the number of transposomes
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immobilized on the bead is no more than about 30 transposomes. In some embodiments, the
plurality of the transposomes immobilized on the bead comprise a total activity such that an
average length of the plurality of polynucleotides greater than about 1 kbp, 2 kbp, 5 kbp, 10
kbp, 15 kbp, 20 kbp, or 40 kbp; and/or wherein the average length of the plurality of
polvnucieotides is in a range from about 1 kbp to about 40 kbp, 1 kbp to about 30 kbp, 1 kbp
to about 20 kbp, 5 kbp to about 20 kbp, 5 kbp to about 15 kbp, or 7 kbp to about 12 kbp. In
some embodimenis, the plurality of the ransposomes immobilized on the bead comprise an
activity in a range from about 0.05 AU/ul to about 0.25 0.05 AU/pl In some embodiments,
the plurality of the transposomes immobilized on the bead comprise an activity of about 0.075
AU/ul In some embodiments, the transposon adapters comprise the same sequence. In some
embodiments, the transposomes of the plurality of transposomes are the same. In some
embodiments, the transposomes of the plurality of transposomes are B1I5 transposomes. In
some embodiments, the transposon adapters comprise the nucleotide sequence: SEQ 1D NG:01
{(GTCTCGTGGGCTCGG).

[6408] In some embodimuents, the step (¢} comprises a mutagenesis PCR, such that
routations are mtroduced mto amplified polynucleotides. In some embodiments, the
mutagenesis PCR comprises amplifying the plurality of polyouciestides with a low bias DNA
polymerase, and/or with a nucleotide analogue. In some embodiments, the nucleotide analogue
comprises dPTP, and/or 8-0x0-dGTP. In some emnbodiments, the low bias DNA polymerase is
a Thermococcal polymerase, or a functional derivative thereof. In some embodiments, the
Thermococcal polymerase s derived from a Thermococeal strain selected from the group
consisting of 71 kodakarensis, T. sicali, T. celer and T. sp K5-1. In some embodiments, the
mutagenesis PCR comprises no more than 12 eycles, 10 cycles, 9 cycles, 8 cycles, 7 cveles, 6
cycles, 5 cycles, 4 cycles, 3 cycles, or 2 cycles. In some embodiments, the mutagenesis PCR
comprises no more than 6 ¢ycles.

[3009] In some embodiments, a {irst end of a polynucleotide of the plurality of
polynucleotides 1s capable of annealing to a second end of the polynucleotide of the plurality
of polynucleotides; and/or, wherein a first end of an amplified polynucleotide is capable of
annealing to a second end of the amplified polynuclestide. In some embodiments, step (¢}
further comprises a suppression PCR. In some embodiments, the suppression POR comprises

use of a single amplification primer. In some embodiments, the amplified polynuciestides
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have an average length greater than about 1 kbp, 2 kbp, 3 kbp, 4 kbp, 5 kbp, 10 kbp, 15 kbp,
of 20 kbp. In some embodiments, the suppression PCR comprises no more than 16 cyeles, 14
cveles, 10 cycles, 9 cyceles, 8 cycles, 7 eyeles, 6 cycles, 5 cycles, 4 cyeles, 3 cycles, or 2 cycles.
in some embodiments, the suppression PCR comprises no more than 6 cycles.

[6016] Some embodiments also include enriching for target nucleic acids in the
amplified polynucleotides. Some embodiments also mclude enriching for target nucleic acids
in the plurality of polynuclestides. In some embodiments, the enriching for target nucleic acids
in the amplified polynucleotides is performed after performing the mutagenesis PCR, and
before performing the suppression PCR. In some embodiments, the enriching for target nucleic
acids in the amplified polynucleotides 15 performed after performing the suppression PCR.
Some embodiments also include amplifying the target nucleic acids.

(001 1] In some embodiments, step (d} comprises contacting the amplified
polynucleotides with an additional plurality of transposomes comprising the library adapters.
in some embodiments, the library adapters comprise (1) indexes, (i1) bridge amplification
primer binding sites, and/or (i11) sequencing primer binding sites. Some embodiments also
mciude enriching for target polynucleotides o the nucleic acid library.

[6012] In some embodiments, the entiching comprises hybridizing a plurahity of
selection probes with the amplified polynucleotides, the plurality of polynucleotides, and/or
the nucleic acid Library, wherein the selection probes of the plurality of selection probes
comprise different nucleotide sequences from one another. In some embodiments, an average
distance between two adjacent nucleotide sequences of the selection probes on a reference
sequence of a genome 15 1 a range from about 300 consecutive nucleotides to about 7,000
consecutive mucleotides; optionally, wherein the range 1s from about S00 consecutive
nucleotides to about 5,000 consecutive nucleotides, optionally, wherein the range 1s from about
750 consecutive nucleotides to about 2,500 consecutive nucleotides; optionally, wherein the
range 18 from about 750 consecutive nucleotides to about 1,500 consecutive nucleotides; and
optionally, wherein the range 15 from about 900 consecutive nucleotides to about 1,200
consecuirve nucleotides. In some embodiments, an average distance between two adjacent
nuclectide sequences of the selection probes on a reference sequence of a genome 1s about 750,
1000, 1500, or 2000 consecutive nuclestides. In some embodiments, an average number of

sites in a genome that each selection probe of the plurality of selection probes s capable of
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hybridizing to 1s no more than 50 different sites iy the genome, to no more than 40 different
siies in the genome, to no more than 30 different sites in the genome, to no more than 20
different sites in the genome. In some embodiments, ¢ach selection probe of the plurality of
selection probes is capable of hybridizing to no more than 30 different sites m a genome, to no
more than 40 different sites in a genome, to no more than 30 different sites in a genome, (o no
more than 20 different sites in a genome. In some embodiments, a selection probe capable of
hybridizing to a site in the genome comprises at least 50, 60, 70, or 80 consecutive nucleotides
complementary to at least 90% of a nucleotide sequence at the site in the genome.

[6013] in some embodiments, the plurality of selection probes comprise at least 50,
100, 200, S00, 1000, 5000 different selection probes. In some embodiments, each selection
probe of the plurality of selection probes comprises a nucleotide sequence capable of
hybridizing to a region in a human genome represented in a RefSeq database and having a
MAPG score less than 50, In some embodiments, each selection probe of the plurality of
selection probes comprises a nuclestide sequence having at least 90%, 95%, or 100% sequence
wdentity to any one of SEQ ID NQGs:02-122770. In sorne embodiments, each selection probe of
the plurality of selection probes comprises a nucleotide sequence having at least 90%, 95%, or
100% sequence wentity to any one of SEQ ID NOs:02-39954. Tn some embodiments, the
plurality of selection probes is attached to a substrate. In some embodiments, the substrate
comprises a plurality of beads; optionally wherein the beads are magnetic.

[0014] Some embodiments also mclude amphifying the target polynucleotides. In
some embodiments, an amount of the pharality of nucleic acid fragments 13 less than about 100
ng, 50 ng, 30 ng, 20 ng, 10 ng, 5 ng, or 1 ng. In some embodiments, the plurality of nacleic
acid fragments 1s mammalian. In some embodiments, the plurality of nucleic acid fragments 13
human, In some emboediments, a plurality of nucleic acid fragments comprises genomic BNA.

{801 5] Some embodiments of the methods and compositions provided herein a
method for preparing a8 nucleic acid library, comprising: (4} obtamming a ploralty of
transposomes comprising transposon adaptors, wherein the plurality of transposomes is
immobilized on a bead, wherein the transposomes of the plurality of transposomes are the
same; (b} contacting a plurality of nucleic acid fragments with the plurality of transposomes to
obtain a plurality of polynucleotides, wherein the plurality of the transposomes immobilized

onn the bead comprise a total activity such that an average length of the plurality of
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polynucleotides greater than about 1 kbp, 2 kbp, S kbp, 10 kbp, 15 kbp, 20 kbp, or 40 kbp; (¢}
amplifying the plurality of polvnucleotides to obtain amplified polynucleotides by: (i)
performing a mutagenesis PCR, such that mutations are mtroduced into amplified
polynucleotides, and (it} performing a suppression PCR; and (d) adding library adapters to
each end of the amplified polynucleotides by contacting the ampiified polynucleotides with an
additional plurality of transposomes, thereby obtaining the nucleic acid library.

[8016] Some embodiments also include enriching for target nucleic acids in the
amplified polynucleotides, and/or enriching for target nucleic acids in the nucleic acid library,
In some embodimenis, enriching for target nucleic acids in the amplified polynucleotides is
performed prior to performing the suppression PCR. In some embodiments, enriching for
target nucleic acids in the amplified polynucleotides i1s performed after performing the
suppression PCR. In some embodiments, the enriching comprises hybridizing a plurality of
selection probes with the amplified polynucieotides and/or the nucleic acid library.

[0017] In some embodiments, the enriching comprises hvbridizing a plurality of
selection probes with the amplified polynucleotides, the plurality of polynucleotides, and/or
the nucleic acid library, wherein the selection probes of the plurality of selection probes
comprise different nucleotide sequences from one another. In some ernbodiments, an average
distance between two adjacent nucleotide sequences of the selection probes on a reference
sequence of a genome is in a range from about 300 consecutive nucleotides to about 7,000
consecutive nucleotides; optionally, wheretn the range 13 from about 300 consecutive
nucleotides to about 5,000 consecutive nucleotides; optionally, wherein the range 15 from about
750 consecutive nucleotides to about 2,500 consecuiive nucleotides; optionally, wherem the
range 1s from about 750 consecutive nuclestides to about 1,500 consecutive nucleotides; and
optionally, wherein the range 15 from about 900 consecutive nucleotides to abowt 1,200
consecutive nucleotides. In some embodiments, an average distance between two adjacent
nucleotide sequences of the selection probes on a reference sequence of a genome is about 750,
1000, 1500, or 2000 consecutive nucleotides. In some embodiments, an average number of
sites in a genome that each selection probe of the plurality of selection probes is capable of
hybridizing to s no more than 50 different sites in the genome, to no more than 40 different
sites in the genome, to no more than 30 different sites in the genome, to no more than 20

different sites in the genome. In some embodiments, each selection probe of the plurality of
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selection probes is capable of hybridizing to no more than 50 different sites in a genome, to no
more than 40 different sites in a genome, 1o no more than 30 different sites in a genome, to no
more than 20 different sites in a genome. In some embodiments, a selection probe capable of
hybridizing to a site in the genome comprises at least 50, 60, 70, or 80 consecutive nucleotides
complementary to at least 90% of a nucleotide sequence at the site in the genome.

{001 8] In some embodiments, the plurality of selection probes comprise at least 50,
100, 200, 560, 1000, 5000 different selection probes. In some embodimenis, each selection
probe of the plurality of selection probes comprises a nucleotide sequence capable of
hybridizing to a region in a human genome represented in a RefSeq database and having a
MAPQ score less than 30 In some embodiments, each selection probe of the plurality of
selection probes comprises a nucleotide sequence having at least 90%, 95%, or 100% sequence
identity to any one of SEQ I3 NOs:02-122776. In some embodimentis, each selection probe of
the plurality of selection probes comprises a nucleotide sequence having at least 90%, 95%, or
100% sequence identity to any one of SEQ 1D NGs:02-39954. In some embodiments, the
plurality of selection probes 15 attached to a substrate; optionally, wherein the substrate
comprises a plurality of beads; optionally wherein the beads are magnetic,

{6419 Some embodiments of the methods and compositions provided herein a
method for determining a sequence of a target nucleie acid, comprising: performing any one
of the foregoing methods; sequencing the nucleic acid library to obtain sequence reads; and
assembling sequence reads to obtain the sequence of a target nucleic acid In some
embodiments, the assembling comprises comparing the sequence reads to a reference
sequence. In some embodiments, the comparing comprises determining mutations introduced
into the amphified polynucleotides during the mutagenesis PCR. In some embodiments, the
reference sequence is oblained from the same nucleic acid sample as the plurality of nucleic
acid fragments.

[6028] Some embodiments of the methods and compositions provided heremn a kit
comprising. a first bead-linked transposomes (BLT-1) reagent, wherein the BLT-1
transposomes comprises a first adaptor sequence; a mutagenesis reagent comprising a first
primer, dPTPs, dNTPs, and a polymerase; a second bead-linked transposomes (BLT-2)

5 >

reagent, wherein the BL'T-2 transposomes comprise the first adapior and a second adaptor; an

amplification reagent comprising a first primer, a second primer, dNTPs, and a polymerase;

~3
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wheretn BL'T-1 has a lower transposome density as compared to BLT-2; and wherein the first
primer hybridizes to the first adaptor sequence and the second primer hybridizes to the second
adaptor sequence. In some embodiments, BET-2 has more than 10, 20, 50, 100, or 1000 times
the transposome density as compared to BLT-1. In some embodiments, the first adaptor is B15
and the second adaptor is Al4.

[0021] Some embodiments of the methods and compositions provided herein a
system for preparing a nucleic acid library, comprising: {(a) a first plurality of transposomes
comprising transposon adaptors for tagmenting a plurality of nucleic acid fragments, wherein
the first plurality of transposomes is immobilized on a first plurality of beads at a first density;
{(b) reagents for amplifymg the plurality of polynucleoctides to obtain amplified
polynucleotides, wherein the amplifying comprising a mutagenesis PCR and/or a suppression
PCR, wheretn: (1) the first reagent for performing mutagenesis PCR comprise a low bias DINA
polymerase and/or a nucleotide analogue; optionally, wherein the nucleotide analogue
comprises dPTP, and/or 8-oxo-dGTF; and/or the low bias DNA polymerase is a Thermococcal
polymerase, or a functional denvative thereof, optionally, wherein the Thermococcal
polyvmerase 1s derived from a Thermococcal strain selected from the group counsisting of 7
kodakarensis, T, siculi, T. celer and T. sp K5-1, and (1) the fust reagents for performing
suppression PCR comprise amplification prumers having the same nucleotide sequence capable
of hybridizing to the transposon adaptors; (¢) a plurality of selection probes for enriching for
target polynucleotides m the amplified polynucleotides; and {d) a second plurabty of
transposomes comprising library adaptors for adding hibrary adaptors to each end of the
amplified polvmcleotides, wherein the second plorality of transposomes 13 immobilized on a
second plurality of beads at a second density, wherein the first density 15 less than the second
density.

(86221 Some embodiments of the methods and compositions provided herein a
system for preparing a nucleic acid library, comprising: (a) a first plurality of transposomes for
tagmenting a plurality of nucleic acid fragments to obtain a plurality of polynucieotides,
wherein the first plurality of transposomes comprises transposon adaptors, wherein the first
plurality of wransposomes 18 immobilized on a solid support, optionally, wherein the solid
support comprises a first plurality of beads; wherein: the first plurality of the transposomes 1

mmmobiiized on the first plurality of beads at a density such that on contacting the first plurality
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of transposomes with the plurality of nucleic acid fragments the plurality of polynucleotides
has an average length of the plurality of polynucleotides is greater than about 1 kbp, 2 kbp, 5
kbp, 10 kbp, 15 kbp, 20 kbp, or 40kbp; and/or wherein the average length of the plurality of
polynucleotides is in a range from about 1 kbp to about 40 kbp, 1 kbp to about 30 kbp, 1 kbp
to about 20 kbp, 5 kbp to about 20 kbp, 5 kbp to about 15 kbp, or 7 kbp to about 12 kbp; the
number of transposomes immobilized on the bead is no more than about 100 transposomes, 50
transposomes, 40 transposomes, 30 transposomes, 20 transposomes, or 10 transposomes,
optionally, wherein the number of transposomes immobilized on the bead i1s no more than
about 30 transposomes; the plurality of the transposomes immobilized on the bead comprise a
total activity such that on contacting the first plurality of transposomes with the plurality of
nucleic acid fragments the plurality of polynucleotides has an average length greater thas about
1 kbp, 2 kbp, S kbp, 10 kbp, 15 kbp, 20 kbp, or 40 kbp; and/or wherein the average length of
the plurality of polynucleotides is in a range from about 1 kbp to about 40 kbp, 1 kbp to about
30 kbp, 1 kbp to about 20 kbp, 5 kbp to about 20 kbp, S kbp to about 15 kbp, or 7 kbp to about
12 kbyp; and/or the plurality of the transposomes immobilized on the bead comprise an activity
1o a vange from about 0.05 AU/ul to about 0.25 0.05 AU/ul, optionally, wherein the plurality
of the transposomes mmmobilized on the bead comprise an activity of about 0.075 AU/ul; (b)
first reagents for amplifying the plurality of polynucleotides to obtain amplified
polynucleotides; and () second reagents for adding library adaptors to each end of the
amplified polynucieotides. In some embodiments, the transposon adapters comprise the same
sequence, optionally, wherein the transposon adapters comprise the nucleotide sequence: SEQ
ID NGOt (GTCTCGTGGGCTCGG); and/or wherem the transposomes of the plurality of
transposomes are the same, optionally, wherein the transposomes of the plurality of
fransposomes are B13 transposomes.

[0023] In some embodiments, the first reagents comprise reagents for performing
mutagenesis PCR comprising a2 low bias DNA polymerase and/or a nucleotide analogue;
optionally, wherein: the nucleotide analogue comprises dPTP, and/or 8-oxo-dGTP; and/or the
low bias DNA polymerase is a Thermococcal polymerase, or a functional derivative thereof,
optionally, wherein the Thermococcal polymerase 1s derived from a Thermococcal strain
selected from the group consisting of 7. kodakarensis, T\ siculi, 1" celer and 7" sp KS-1. In

some embodiments, the first reagents comprise reagents for performing suppression PCR

0.
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comprising amplification primers having the same mucleotide sequence; optionally, wherein
the amplification primers are capable of hybridizing to the transposon adaptors.

[0024] In some embodiments, the second reagents comprise a second plurality of
transposomes comprising the hibrary adaptors; and optionally, wherein the second phurality of
transposomes has an activity such that on contacting the second plurality of transposomes with
the amplified polvnuclestides a library of nucleic acids is obtained and comprises the library
adaptors and having an average length less than about 1 kb, 900 by, 800, bp, 700 bp, 600 bp,
SO0 bp, 400 bp, 300 bp, 200 bp, or 100 bp. In some embodiments, the first plurality of the
transposomes 1s immobilized on the beads at a density less than a density at which the second
plurality of transposomes are rumobilized on the second plurality of beads.

[0025] Some embodiments also include third reagenis for enriching for target
polynucleotides in the amplified polvnucleotides, comprising a plurality of selection probes;
optionally, wherein the plurality of selection probes is attached to a third plurality of beads. In
some embodiments, an average distance between two adjacent nucleciide sequences of the
selection probes on a reference sequence of a genome is in a range from about 300 consecutive
nucleotides to about 7,000 consecutive nucleotides; optionally, wherein the range 1s from about
500 consecutive nucleotides to about 5,000 consecutive nucleotides; optionally, wherein the
range 13 from about 730 consecutive nucleotides to about 2,500 consecutive nucleotides;
optionally, wherein the range 15 from about 750 consecutive nucleotides to about 1,500
consecutive nucleotides; and optionally, wherein the range 1s from about 900 consecutive
nucleotides to about 1,200 consecutive nucleotides; and optionally, wherein an average
distance between two adjacent nucleotide sequences of the selection probes on a reference
sequence of a genome 15 about 750, 1000, 1500, or 2000 consecutive nucleotides. In some
embodiments, an average number of sites 1n a genome that each selection probe of the plurality
of selection probes 1s capable of hybridizing to 15 no more than 50 different sites in the genome,
1o no more than 40 different sites 1n the genome, {0 no more than 30 different sites in the
genome, to no more than 20 different sites in the genome. In some embodiments, each selection
probe of the plurality of selection probes is capable of hybridizing 0 no more than 50 different
sites iy a genome, to ne more than 40 different sites in a genome, to no more than 30 different
sites in a genome, to no more than 20 different sites in a genome; and optionally, wherein a

selection probe capable of hybridizing to a site in the genome comprises at least S0, 60, 70, or

-10-
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80 consecutive nucleotides complementary to at least 90% of a nucleotide sequence at the site
in the genome. In some embodiments, the plurality of selection probes comprise at least 50,
100, 200, 500, 1000, 5000 different selection probes. In some embodiments, each seleciion
probe of the plurality of selection probes comprises a nucleotide sequence capable of
hybridizing 1o & region m a human genome represenied in a RefSeq database and having a
MAPQ score less than 50. In some embodiments, each selection probe of the plurality of
selection probes comprises a nucleotide sequence having at least 90%, 95%, or 100% sequence
identity to any one of SEQ D NOs:02-122770. In some embodiments, each selection probe of
the plurality of selection probes comprises a nucleotide sequence having at least 90%, 95%, or
100% sequence identity to any one of SEQ 1D NQOs:(2-39954,

{8026} In some embodiments, the plurality of nucleic acid fragments 15
manmumalian. In some embodiments, the plurality of nucleic acid fragments is human. In some
embodiments, the plurality of nucleic acid fragments comprises genomic DNA.

(8627 Some embodiments of the methods and compositions provided herein a kit
comprising: a plurality of at least 50, 100, 1000, 2000, 3000, 4000, S000, 10000, 20000, 30000,
or 40000 selection probes, wherein the selection probes are different from one another, and
comprise a nucleotide sequence having at least 90%, 95%, or 100% sequence dentity to any
one of SEQ 1D NOs:02-122770; and optionalily: (i) a fivst plurality of transposomes comprising
transposon adaptors for tagmenting a plurality of nucleic acid fragments, wherein the fust
plurality of transposomes 1s immobtlized on a first plurality of beads at a first density; and {11}
a second plurality of transposomes comprising hibrary adaptors for adding library adaptors to
each end of the amplified polynucieotides, wherein the second plarality of transposomes is
immobilized on a second plurality of beads at a second density, wherein the first density is less
than the second density. In some embodiments, each selection probe of the plurality of
selection probes comprises a nuclestide sequence having at least 90%, 95%, or 100% sequence

identity to any one of SEQ ID N(s:02-139954,

BRIEF DESCRIPTION OF THE DRAWINGS
[8028] FIG. 1 depicts an example embodiment of a workflow which includes:
fragmenting fong input DNA by high molecular weight (HMW) fragmentation and adding

adapters, such as by tagmentation using low density bead hinked transposomes (BLTs); long
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range PCR mutagenesis to introduce a signature into long fragments; further library
preparation steps, such as additional tagmentation to obtain small fragments with adapters;
sequencing and assembly of sequencing reads.

[8029] FIG. 2 depicts an example embodiment of a workflow which includes a
long-read (1ILR) pathway, and a reference pathway. The long-read pathway mcludes steps for:
tagmentation; mutagenesis, bottlenecking {suppression) PCR. Both the long-read pathway and
reference pathway share steps including: standard library preparation, such as tagmentation;
sequencing; and assembly of sequencing reads.

{8030 FIG. 3A 15 a graph which relates to a purified bottlenecking PCR product
run on an Agilent Broanalyzer using a High Sensitivity DNA Kst.

{8031 FIG. 3B 1s a graph which relates to a purified final library prep product run
on an Agilent Bioanalyzer using a High Sensitivity DNA Kit.

(60321 FI1G. 4A depicts a graph of results using transposomes in solution at various
concentration.

[6633] FIG. 4B depicts a graph of results for size distribution using BLTs.

[0034] FIG. 4C depicts graphs for a Staphylococeus aurens 4 Mb genome view,
with samples at 4 million reads, GC content: 32.9%, size: 2.8 Mb. A: Nextera XT (soluble
transposomes); B Flex (BLTY: 1 ng; C: Flex (BLT)Y: 100 ng; B Flex (BLT): colony direct.

[035] FIG. S depiets a schematic for workflow steps including HMW
fragmentation; and mutagenesis and suppression PCR in which smaller products form hairpms,

[8036] FiGs. 6A-6C depict graphs related to activity and fragment length. FIG. 6A
is a graph of actual activity units (AUl and median AU/pl versus banld AU/ul for solable
ransposomes {TSM), and BLTs having various densities/activiiies of transposomes: BLT at
fow density (BLT-LR) at 0.075 AU/pl, and TDER-BLT comprising Al4and B1S TSMs at 0.1
AU/ 0.2 AU/l and 0.5 AU/l In FIG. 64, “TDER-BLR” 1s “TDER-BLT”. FIz. 6B 1s g
graph of fragment size. FIG 6( 15 a graph for average size for soluble TSM, and BLTs
containing Al4 and B15 TSMs, or B15 TSM only.

{80371 FlGs. 7A-7C depict graphs related to mutagenesis PCR for soluble TSM,
and BLTs containing Ald and B15 TSMs, or B15 TSMonly. FIG. 7A is a graph of mean yield

(ng/ ub). FIG 7B s a graph for average size. FIG. 7C is a graph for mean average size.
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[68038] FiGs. 8A-8C depict graphs related to bottleneck {suppression} PCR for
soluble TSM, and BLTs containing Al4 and B15 TSMs, or B15 TSM only. FIG. 8A isa graph
of mean yield (ng/ ul}. FIG. 8B is a graph for size distribution. FIG. 8C is a graph for mean
average size.

[6039] FiIG. 9 depicts a graph for a sequencing metric {GC coverage) for soluble
TSM, and BLTs containing A4 and B15 TSMs, or B15 TSM only.

{60461 FiGs. 10A and 10B depict graphs for a N30 sequencing metric for soluble
TSM, and BL'Ts containing Al4 and B15 TSMs, or B15 TSM only. N50 15 the length of the
shortest contig for which longer and equal length contigs cover at least 50 % of the assembly.
FIG. 10A depicts a graph for NSO, FIG. 10B depicts a graph for NSO by regions.

{8041} FIG. 11 depicts a graph for a sequencing metric (fraction of bases with no
coverage, left panel; and fraction of bases with <10X coverage, right panel} for soluble TSM,
and BLTs containing Al4 and B15 TSMs, or B15 TSM only.

[8042] FIG. 12 depict graphs of various BLT activities (Build AU/uly, and product
average size (lower panel}, total yield (muddle panel}, or fluorescent resonance energy transfer
(FRET) {(upper panel}.

[6(43] FIG. 13 depicts graphs of varous BLT activities (Budd AU/pl), and
sequencing metrics including SLR coverage depth (lower panels), total bases {middie panels),
or N50 {upper panels).

[0044] FiG. 14 depicts graphs of various BLT activities (Build AU/, and
sequencing metrics mcluding percent duplicated reads (lower panels), fraction of bases with
<10X coverage (middle panels), or fraction of bases with no coverage {upper panels}.

[B045] FIG. 15 depiets graphs of various BLT activities {AU/pl}, and sequencing
metrics incloding SLR coverage depth (lower panel), total bases (lower nuddie panel),
redundancy {upper nuddle panel), or N30 (upper panel) with three different operators.

[0046] FIG. 16 depicts graphs of tagmentation vield (left panel) or tagmentation
fragment length (right panel) for various amounts of input DNA

(60471 FIG. 17 depicts graphs for various amounts of input DNA and mutagenesis
yield (upper left panel), bottleneck yield (middle left panel}, library vield (lower left panel},
mutagenesis fragment fength {opper night panel), bottleneck fragment length (nmddle right

panel), and library fragment length (lower right panel).
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[6048] FIG. 18 depicts graphs for various amounts of input DNA and sequencing
metrics including: total bases (upper left panel}, insert size (middle left panel), percent
duphlicated reads (lower left panel}, total bases (upper right panel}, insert size (middle right
panel), and library fragment length (lower right panel). The right panels show the same data
as the left panels, but without the 1000 ng data point.

[0049] FIG. 19 depicts graphs for various amounts of mput DNA and sequencing
metrics including: number of MQO reads (upper left panel), error rate {upper middle left panel),
redundancy {(lower middle left panel), N5O {lower left panel), number of MQ0 reads {upper
right panel}, error rate (upper middle right panel), redundancy (lower middle right panel), NS0
{lower right panel). The night panels show the same data as the left panels, but without the
1000 ng data point.

[8050) FIG. 20 depicts graphs for various amounts of mput DNA and sequencing
metrics including: mode coverage (upper left panel}, fraction of bases with no coverage
{muddle left panel), fraction of hases with <10X coverage (lower left panel), mode coverage
{upper right panel), fraction of bases with no coverage {middle right panel), fraction of bases
with <10X coverage (Jower right pavel}. The night panels show the same data as the left pavels,
but without the 1000 ng data pont.

[0051] FIG. 21 depicts a graph for various amounts of input DNA and sequencing
metric {GC bias),

[0052] FIG. 22 depicts graphs for vartous input DNAs subjected to sheaning for
different periods of time, control mput DNA, and HMW input DNA, and fragment size.

[B8053] FIG. 23 depicts graphs for various input DNAs subjected to shearing for
different periods of time, control mput DNA, and HMW mput BNA, and tagmentation yield
(left panel) or tagmentation fragment length {right panel).

[8054] FIG. 24A depicts graphs for various inpot PNAs subjected to sheaning for
different periods of time, control input DNA, and HMW input DNA, and mutagenesis vield
{left panel} or normalization vield {right panel}.

[0055] FIG. 248 depicts graphs for various input BNAs subjected to shearing for
different periods of time, controf mnput DNA, and HMW input DNA| and bottleneck PCR yield
(left panel) or post-bottleneck fragment length (right panel}.
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[8056] FIG. 25 depicts graphs for various input DNAs subjected to shearing for
different periods of time, and HMW input DNA, and sequencing metrics: N3O {left panels) or
redundancy {right panels}.

[8057] FIG. 26 depicts graphs for various input DNAs subjected to shearing for
different periods of time, and HMW nput DNA, and sequencing metrics: SLR coverage (upper
left panel}, fraction with no coverage {middle left panel), fraction with <10X coverage (lower
left panel}, insert size (upper right panel}, percent duplicated reads {upper nuddle right panel},
mnsertion per 100 kb (lower muddle right panel), or MQO (lower right panel}.

[8058] FIG. 27 depicts graphs for various input DNAs subjected to shearing for
different periods of time, and HMW wnput DNA, and a sequencing metric {GC bias).

0059 FIG. 28 depicts an example overview for ennichment of “long fragments” or
“short fragments’ m a workflow.

0060} FIG. 29 depicts an example timeline for enrichment of “long fragments” or
‘short fragments’ in a workflow.

[8061] FIG. 30 depiwcts selection of probes with higher specificity i long
fragments.

[68062] FIG. 31 depicts design of probes in regions adjacent to problematic regions
of the genome.

[0063] FIG. 32 depicts embodiments including an example work flow for whole
genome sequencing (WGS) with optional enrichment steps, and parallel standard short read
(SR} library preparation.

[0064] FIG. 33 depicts use of 80mer probes with long fragments in problematic
target regions, compared to use of probes with short fragments (upper panely; use of B0mer
probes with flanked long difficult regions, compared to use of probes with short fragments
{middie panel}; and use of 80mer probes with long fragments in regions with infrequent probe
coverage, compared to use of probes with short fragments (lower panel}.

[0065] FIG. 34 depicts results of sequencing coverage for a targeted region using a
method with long fragments and enrichment ({CLR with enrichment).

[0066] FIG. 35 depicts results of sequencing coverage for a targeted a 722 kb

region in the MHC locus using a method with long fragments and enrichment.
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[0067] FIG. 36 depicts resulis of sequencing coverage for a targeted a 426 kb
region in the MHC locus that covered HLA-A, HLA-G, HLA-F using a method with long
fragments and enrichment.

[0068] FIG. 37A depicts a graph for SNV precision and recall for methods which
included (1) on market long reads; (11} PCR free (tagmentation to provide short fragments); (111}
long fragments with enrichment using an MHC selection probe panel (JCLR-MHC
enrichment}; and (1v) long fragments without enrichment JCLR-WGS).

[8069] FIG. 37B depicts a graph for Indel precision and recall for methods which
mcluded (1) on market long reads; (11} PCR free (tagmentation to provide short fragments); (1t}
long fragments with enrichment using an MHC selection probe panel (ICLR-MHC
enrichment}; and (1v) long fragments without enrichment (CLR-WGS).

[8078) FIG. 38 depicts a graph for coverage in ACMG genes using methads which
inciuded long fragments with enrichment using an ACMG selection probe panel {enrichment)
or long fragments without enrichment (WGS).

[0071] FIG. 39 depicts results of sequencing coverage for a TNNT2, a 22 kb gene
which was fully phased in one phase block, using a method with long fragments and
enrichment with an ACMG panel of selection probes.

[8¢72] FIG. 40A depicts results of sequencing coverage for APOB which was fully
phased in one phase block, using a method with long fragments and enrichment with an ACMG
panel of selection probes.

[0073] FIG. 408 depicts results of sequencing coverage for TMEMI27 which was
fully phased in one phase block, using a method with long fragments and enrichment with an
ACMG panel of selection probes.

[8074] FIG. 41 depicts results of sequencing coverage for MSHO using a method
with long fragments and enrichment with an ACMG panel of selection probes (ICLR with
enrichment}, and a method with long fragments without enrichment (ICLR WGS).

{007 5] FIG. 42A depicis a graph for SNV precision and recall for methods which
inciuded {1} on market fong reads; (i1} PCR free (tagmentation to provide short fragments); (1t}
long fragments with enrichment using an ACMG selection probe panel (ICLR-ACMG

enrichment); and {iv) long fragments without enrichment ICLR-WGS).
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[8076] FIG. 42B depicts a graph for Indel precision and recall for methods which
included (1) on market long reads; {11} PCR free (fagmentation to provide short fragments}; {1it)
long fragments with enrichment using an ACMG selection probe panel (ICLR-ACMG
enrichment}; and (iv} long fragments without enrichment JCLR-WGS).

(60771 FIG 43A depicts a graph for SNV precision and recall for methods which
inchuded (1) on market long reads; {11} PCR free {tagmentation to provide short fragments); (i)
long fragments with enrichment using a PGX selection probe panel JCLR-PGX enrichment};
and (1v) long fragments without enrichment JCLR-WGS).

[0078] FIG. 438 depicts a graph for Indel precision and recall for methods which
included (1) on market long reads; (11} PCR free (tagmentation to provide short fragments); (i)
long fragments with enrichment using a PGX selection probe panel ({CLR-PGX enrichment);
and (iv) long fragments without enrichment (ICLR-WGS).

{0079 FI1G. 44A depicts three graphs comparing use of a first selection probe panel
{(SYD-C2-CMRG-230bp) and a second selection probe panel (SYD-C2-CMRG-1kb) for (1)
total mutations i bases mn region (upper left panel); (1) percentage DUP mutant reads {upper
right pavel); and (1) percentage on target unique mapped reads {(fower panel),

[6(89] FIG. 44B depicts a graph of normalized coverage between use of a furst
selection probe panel (SYD-C2-CMRG-230bp) and a second selection probe panel (SYD-C2-
CMRG-1kb).

[0081] FIG. 44C depiets a comparison between results of sequencing coverage for
HBGT wsing a method (1) with long fragments and ennichment with an CMRG panel of
selection probes (ICLR with enrichment}; {11} with long fragments without enrichment (ICLR
WGSY; and (i) tagmentation with short reads (PCR free short read).

[8082] FIG. 45A depicts a graph for SNV precision and recall for methods which
inciuded (1) on market long reads; {11} PCR free (tagmentation to provide short fragments}); (i)
long fragments with enrichment using a CMRG selection probe panel (ICLR-CMRG
enrichment}; and {iv} long fragments without enrichment JCLR-WGS).

[6083] FIG. 458 depicts a graph for Indel precision and recall for methods which
included (1) on market long reads; (1) PCR free (fagmentation to provide short fragments); {(1it)
long fragments with enrichment using a CMRG selection probe panel (ICLR-CMRG

enrichmenty; and (iv} long fragments without enrichment JCLR-WGS).
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DETAILED DESCRIPTION

[8084] Some embodiments of the methods and compositions provided herein relate
to obtaining long read mformation from short reads of a target nucleic acid. Some embodiments
include steps to selectively generate, mark, and amplify long nucleic acid fragments. Some
embodiments include enriching for certain sequences in the long fragments with selection
probes directed to to certain genes throughout the genome and expressed regions with fow
mappability. Some embodiments also include fragmenting the long nucleic acid fragments into
shorter fragments for sequencing, and informatically reconstructing a sequence of the target
nucleic acid.

[B085] Prior fragmentation methods typically generated a very wide distribution of
fragment sizes such that even when aiming for large fragments, inevitably short fragments
were included. Such short fragments are 'wasted' space, giving very little new information.
Some embodiments provided herein preserve long {about 2,000-40,000 bp) fragments, mark
them, and carry them through o a short-read portion of a workflow so they can then be
reconstructed into their parent long fragments mformatically. Shorter fragments are generally
much less desirable, and may take up valuable sequencing space and nformatics volume f
they are included. Use of long fragments enables the use of a smaller number of selection
probes to enrich for target sequences i the long fragments.

[0086] In prior short read library preps, most size selection was done by a
combination of {1) utal fragmentation and (2} Sohlid-Phase Reversible Immobilization
(SPRIy-based size selection. However, SPRI size selection primarily works on fragments
smaller than about 60 Gbp in length. In contrast, suppression (“bottlenecking” or “bottleneck™)
PCR acts on farger fragments. Suppression PCR entais appending complementary sequences
on 5"and 3’ ends of the same DNA molecule, such that during a2 PCR annealing step, there i3
a direct competition between annealing of 3 primer and annealing of opposite ends of the same
DNA fragment. When the PCR primer anneals, extension proceeds as normal, and the fragment
is amplified. When opposite ends anneal, for example by forming a hairpin, there is no
templated 3' hydroxyl to extend, and so amphification doss not occur. A key to suppression
PCR and size selection is that for shorter fragments, the opposite ends of the same fragment

are closer together and therefore more likely to find each other and anneal. Under optimized
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conditions, this leads to preferential amplification of longer fragments. Aspects of suppression
PCR useful with embodiments provided herein are described in Dai, Z-M, ef af (2006} J. of
Bigtech 128:435-443; and Rand K.N. ez g/, (2005) N A Res. 33:¢127 which are incorporated
by reference in their entireties.

[0087] in some embodiments provided herein, complementary 5’ and 3’ ends are
achieved by an mitial tagmentation step with B135 transposomes only. Typically, tagmentation
would be performed with a combination of A14 and B15 transposomes so that the different
sequences can be used for read 1 and read 2 primers during subsequent sequencing. However,
because the initial tagmentation in certain embodiments provided herein is used to provide a
landing spot for PCR, different sequences for read 1 and read 2 primers do not need to beadded
at this stage. In contrast to SPRI size selection, it was observed that by adding cycles of
suppression PCR, the number of smaller fragments under 2000 bp in length can be dramatically
reduced.

[B088] In some embodiments provided herein a workflow includes: fragmenting
long mput DNA by high molecular weight (HMW) fragmentation and adding adapters, such
as by tagmentation using low density bead linked transposomes (BLTs); long range PCR
mutagenesis to mtroduce a signature into long fragments; further Hibrary preparation steps,
such as additional tagmentation to obtain small fragments with adapters; sequencing and
assembly of sequencing reads (FIG. 1), In some embodiments provided herein a workflow
melodes 3 long-read (LR or “ILR”) pathway, and a reference pathway. The long-read
pathway nchades steps for: fagmentation, mutagenesis; bottlenecking (suppression) PCR.
Both the long-read pathway and reference pathway share steps including: standard bibrary
preparation, such as tagmentation; sequencing; and assembly of sequencing reads (FIG. 2}

[8089] Certan aspects useful with embodiments of the methods and compositions
provided herein are disclosed 1n U.S. Pat. No. 9,040,256, UK, Pat. No. 9,683,230; and 11.S.

2021/0010008 which are each incorporated by reference in s entirety.

Definitions
[0090] As used herein, the term "nucleic acid" refers to a polvmucleotide sequence,
or fragment thereof. A nucleic acid can comprise nucleotides. A nucleic acid can be exogenous

or endogenous to a cell. A nucleic acid can exist in a celi-free environment. A nucleic acid can
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be a gene or fragment thereof. A nucleic acid can be DNA. A nucleic acid can be RNA. A
nucleic acid can comprise one or more analogs {e.g., altered backbone, sugar, or nucleobase).
Some non-limiting examples of analogs include: S-bromouracil, peptide nucleic acid, xeno
nucleic acid, morpholines, locked nucleic acids, glycol nucleic acids, threose nucleic acids,
dideoxynucleotides, cordveepin, 7-deaza-GTP, fluorophores {(e.g., rhodamine or flucrescein
linked to the sugar), thisl containing nucleotides, bistin linked nucleotides, fluorescent base
analogs, Cp(G islands, methyl-7-guanosine, methylated nucleotides, inosine, thiouridine,
pseudouridine, dihydrouridine, queuosine, and wyosine. "Nucleic acid”, "polynucleotide,
"target polynucleotide”, and "target nucleic acid” can be used interchangeably. As used herein,
“kbp” can refer to kilobase pairs and relates to a length of a double-stranded nucleic acid. The
length of a nucleic acid may also be referred to in terms of a number of nucleotides, such as
consecutive nucleotides.

(0091 As used herein “transposome” includes a complex comprising of at least
one transposase enzyme and a transposon recognition sequence, such as a transposon adapter.
In some such systems, the transposase binds to a transposon recogrition sequence to form a
functional complex that is capable of catalyzing a transposition reaction. In some aspects, the
transposon  recognition sequence 15 a double-stranded transposon end sequence. The
fransposase, or integrase, binds to a transposase recognition site in a target nucleic acid and
nserts the transposon recogrition sequence into a target nucleic acid. Tn some such insertion
events, one strand of the transposon recognition sequence {or end sequence) 13 transferred mio
the target nucleic acid, resulting also in a cleavage event. Exernplary transposition procedures
and systems that can be readily adapted for use with the transposases of the present disclosure
are described, for example, in WO10/048605, U.8. 2012/0301925, 1U.S. 2012/13470087, or
U.8. 2013/0143774, each of which 1s ncorporated herein by reference in its entirety.

[8092] In some embodiments, the transposome complex is a dimer of two
molecules of a transposase. In some embodiments, the transposome complex 15 a homodimer,
wherein two molecules of a transposase are each bound to first and second transposons of the
same type {e.g., the sequences of the two transposons bound to each monomer are the same,
forming a "homodimer"}. In some embodiments, the compositions and methods described
herein employ two populations of transposome complexes. In some embodiments, the

transposases in each population are the same. In some embodiments, the transposome
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complexes in each population are homodimers, wherein the first population has a first adaptor
sequence in each monomer and the second population has a different adapior sequence in each
monomer,

LU

[0093] As used herein "solid surface” "solid support” and other grammatical
equuvalents refer to any material that 1s appropriate for or can be modified to be appropriate
for the attachment of the transposome complexes. As will be appreciated by those in the art,
the number of possible substrates s multitude. Possible substrates include, but are not limited
to, glass and modified or functionalized glass, plastics (including acrvlics, polystyrene and
copolymers of styrene and other materials, polvpropylene, polyethylene, polvbutylene,
polyurethanes, TEFLON, etc), polysaccharides, nylon or nitrocellulose, ceramics, resins,
silica or silica-based materials including silicon and modified silicon, carbon, metals, morganic
glasses, plastics, optical fiber bundles, beads, paramagnetic beads, and a variety of other
polymers. In some such embodiments, the transposome complex is immobilized on the solid
support via the linker. In some further embodiments, the solid support comprises or is a tube,
a well of a plate, a slide, a bead, or a flowcell, or a combination thereof. In some further
embodiment, the solid support comprises or 18 a bead. In one embodiment, the bead 15 a
paramagnetic bead. In some of the methods and compositions presented heren, transposome
complexes are immobilized to a solid support. In one embodiment, the solid support 13 a bead.
Suitable head compositions mnclude, but are not limited to, plastics, ceramics, glass,
polystyrene, methylstyrens, acrylic polymers, paramagnetic materials, thoria sol, carbon
graphite, titantum dioxide, fatex or cross-linked dextrans such as Sepharose, celhilose, nylon,
cross-linked micelles and TEFLON, as well as any other materials outlined herein for solid
supports.

[8094] As used heren, “tagmentation. includes to the modification of DNA by a
transposome complex comprising transposase enzyme complexed with adaptors comprising
fransposon end sequence. Tagmentation results in the simultaneous fragmentation of the BDNA
and higation of the adaptors to the 5' ends of both strands of duplex fragments. Following a
purification step to remove the transposase enzyme, additional sequences can be added to the
ends of the adapted fragments, for example by PCR, ligation, or any other suitabls

methodology known to those of skill in the art.
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Certain methods for preparine nucleic acid libraries

[B095] Some embodiments of the methods and compositions providing herein
inciude preparing a nucleic acid library. Some such embodiments include (2} obtaining a
plurality of transposomes comprising transposon adaptors, wherein the plurality of
transposomes 18 immobilized on a solid support; (b} contacting a plurality of nucleic acid
fragments with the plurality of transposomes to obtain a plurality of polynucleotides; (¢}
amplifying the plurality of polynucleotides to obtain amplified polynucleotides; and (d} adding
library adapters to each end of the amplified polvnucleotides, thereby obtaining the nucleic
acid library. In some embodiments, an amount of the plurality of nucleic acid fragments is less
than about 100 ng, 50 ng, 30 ng, 20 ng, 10ng, S ng, or 1 ng.

[6096] Some embodiments include an nitial tagmentation step which fragments
the plurality of nucleic acids fragments and adds an adaptor to each end of the producis of the
tagmentation. The initial tagmentation is himited such that the products of the tagmentation
are longer than a tagmentation where the activity of fransposomes s not limited.

[6697] Certain aspects useful with embodiments of the methods and compositions
provided heremn are disclosed in U.S. Pat. Nos. 9,115,396; 9,080,211, 9,040,256, U.S. patent
application publication 2014/0194324, each of which is incorporated herein by reference in is
eutirety.

[06098] In some embodiments, the solid support comprises a bead. In some such
embodiments, the transposomes are bead-linked transposomes (BLTs}. In some embodiments,
the activity of the transposomes on the beads 13 such that a tagmentation reaction with the BLTs
and the plumality of naocleic acid fragments results m long polynucleotides, such as
polynucieotides an having average length of the plurality of polynucleotides greater than about
1 kbp, 2 kbp, S kbp, 10 kbp, 15 kbp, 20 kbp, or 40 kbp; and/or wherein the average fength of
the plurality of polyaucleotides is in a range from about 1 kbp to about 40 kbp, 1 kbp to about
30 kbp, 1 kbp to about 20 kbp, 5 kbp to about 20 kbp, 5 kbp to about 15 kbp, or 7 kbp to about
12 kbp. For example, the transposomes can be bound at a low density on the beads; and/or
have a low tagmentation activity. In some embodiments, the number of transposomes
mmmobilized on the bead i1s no more than about 100 transposomes, 50 transposomes, 40
transposomes, 30 transposomes, 20 transposomes, or 10 transposomes. In some embodiments,

the number of transposomes immobilized on the bead is no more than about 30 transposomes.
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In some embodiments, the plurality of the transposomes immobilized on the bead comprise a
total activity such that an average length of the plurality of polynucleotides greater than about
1 kbp, 2 kbp, 5 kbp, 10 kbp, 15 kbp, 20 kbp, or 40 kbp; and/or wherein the average length of
the plurality of polynucleotides 1s in a range from about 1 kbp to about 40 kbp, 1 kbp to about
30 kbp, 1 kbp to about 20 kbp, 5 kbp to about 20 kbp, 5 kbp to about 15 kbp, or 7 kbp to about
12 kbp. In some embodiments, the plurality of the transposomes immobilized on the bead
comprise a tagmentation activity in a range from about 0.05 AU/l to about 0.25 AU/ul In
some embodiments, the plurality of the transposomes immobilized on the bead comprise a
tagmentation activity of about 0.075 AU/ul.

[8099] In some embodiments, the transposomes on the beads are the same. For
example, in some embodiments, the transposon adapters comprise the same sequence. In some
embodiments, the transposomes of the plurality of transposomes are B1I5 transposomes. In
some embodiments, the transposon adapters comprise the nucleotide sequence: SEQ 1D NG:01
{(GTCTCGTGGGCTCGG).

[6166] Some embodiments also imclude steps to add a signature to the products of
the initial tagmentation. For example, a signature can be added into the sequence of the library
products by steps that include limited mutagenesis. In some embodunents, step {¢) comprises
amutagenesis PCR, such that mutations are introduced into amplified polynucleotides. Tnsome
embodiments, the mutagenesis PCR comprises amplifving the plurality of polynucleotides
with a low bias DNA polymerase, and/or with a nucleotide analogue. In some embodiments,
the nucleotide analogue comprises dPTP (such as, 6H,8H-3,4-Dihydro-pyrimido{4,5-
o} 1,2)orazin-7-one-&-B-D-2'-deoxy-ribofurancside-5'-triphosphate), and/or 8-oxo-dGTP. dP
contains the bicyclic pyrimidine analog 3,4-dihydro-8H-pyrimido-[4,5-Ci{1,2]oxazin-7-one.
In some embodiments, the low bias DNA polymerase 15 a Thermococcal polymerase, or a
functional derivative thereof. In some embodiments, the Thermococcal polymerase 15 derived
from a Thermococcal strain selected from the group consisting of T. kodokarensis, 7. siculi, T.
celer and 7. sp K§-1. In some embodiments, the mutagenesis PCR comprises no more than 12
cycles, 10 cycles, 9 cycles, 8 cycles, 7 evcles, 6 cvceles, 5 cycles, 4 cyeles, 3 cycles, or 2 cvcles.
In some embodiments, the mutagenesis PCR comprises no more than 6 cycles.

[0161] Some embodiments also include a bottlenecking or suppression PCR step

to enrich for longer polynucleotides. For example, shorter amplified polynuclestides form
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harrping, while longer amplified polynuclectides may be further amplified. In other words, the
bottlenecking or suppression PCR can be biased against the amplification of shorter nucleic
acids in a mixture of nucleic acids of different lengths. Some such embodiments can enrich
for longer fragments. In some such embodiments, a first end of a polynucleotide of the
plurality of polynucleotides 1s capable of annealing 1o a second end of the polynucleotide of
the plurality of polynuclestides; and/or, wherein a first end of an amplified polynucleotide is
capable of annealing to a second end of the amplified polynucleotide. In some embodiments,
the suppression PCR comprises use of a single amplification primer. In some embodiments,
the amplified polynucleotides have an average length greater than about 1 kbp, 2 kbp, 3 kbp,
4 kbp, 5 kbp, 10kbp, 15 kbp, or 20 kbp. In some embodiments, the suppression PCR comprises
no more than 16 cycles, 14 cyeles, 10 cycles, 9 cycles, 8 cycles, 7 cyeles, 6 cycles, 5 cycles, 4
cycles, 3 cycles, or 2 cycles. In some embodiments, the suppression PCR comprises no more
than 6 cycles.

[8102] Detailed descriptions of certain embodiments of suppression PCR are found
m, e.g, USRS Pat No. 5,565,340 and Swebert er ol , Nucleic Acids Res,, 23(6):1087-1088
{1995}, Brietly, the inverted repeat sequences function as suppression tails by competing with
the suppression PCR prumer for complementary binding. The 1nverted repeats tend to anneal
each other, thereby preventing PCR primer binding. Since shorter amplicons undergo 1nverted
repeat annealing more often than longer amplicons, the suppression PCR favors generating
long amplicons.

[68103] Some embodiments also include enriching for target nucleic acids in the
amplified polvaucleotides, such as products of the suppression PCR. In some embodiments,
the enriching comprises hybridizing a plurality of selection probes with the amplified
polvnucleotides. In some embodiments, the plurality of selection probes lack sequences
capable of hybridizing to a repetitive genomic DNA element. In some embodiments, the
repetitive genomic DNA element s selected from a tandem repeat, an Alu repeat, a short
interspersed nuclear element (SINE}, a long interspersed nuclear element (LINE), an integrated
viral sequence, a viral long terminal repeat (LTR), and a transposon. Some embodiments also
mchude amplifying the target nucleic acids.

[0184] Some embodiments also mclude preparing a library of shorter fragments

from the products of the suppression PCR, and/or the enrichment. For example, the products
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of the suppression PCR, and/or the enrichment can underge an additional tagmentation. In
some embodiments, step {d) comprises contacting the amplified polynuclectides with an
additional plurality of transposomes. In some embodiments, the additional plurality of
transposomes comprise transposon adapters comprising {1} indexes, (1) bridge amplification
primer binding sites, and/or (11t} sequencing primer binding sites. An example of a bridge
amplification primer binding site includes a sequence capable of binding a capture probe on a
surface, wherein the capture probe comprises a primer extended during bridge amplification
on the surface.

[0105] Some embodiments also include enriching for target polynucleotides in the
library of nucleic acids. In some embodiments, the enriching comprises hybridizing a plurality
of selection probes with the library of nucleic acids, wherein the plurality of selection probes
is capable of specifically hybridizing with the target polynucleotides. Some embodiments also
inciude amplifying the target polynucleoctides.

[8106] Some embodiments include methods for preparing a nucleic acid library,
comprising: {a) obtaining a plurality of transposomes comprising transposon adaptors, wheremn
the plurality of transposomes is immobilized on a bead, and wherein the transposomes of the
plurality of transposomes are the same; (b) contacting a plurality of nucleic acid fragments
with the plurality of transposomes to obtain a plurality of polynuclectides, wherein the plurality
of the transposomes immobilized on the bead comprise a total activity such that an average
length of the phurality of polynucleotides greater than about 1 kbp, 2 kbyp, S kbp, 10 kbp, 15
kbp, 20 kbp, or 40 kbp; and/or wherein the average length of the plurality of polynucleotides
is in a range from about 1 kbp to about 40 kbp, 1 kbp to about 30 kbp, 1 kbp to about 20 kbp,
5 kbp to about 20 kbp, 5 kbp to about 15 kbp, or 7 kbp to about 12 kbp; (¢) amplifying the
plurality of polynucieotides to obtain amplified polynucleotides by: (1) performing a
mutagenesis PCR, such that motations are introduced mto amplified polynucleotides, and (11}
performing a suppression PCR; and (d} adding library adapters to each end of the amphified
polynucleotides by contacting the amplified polynucleotides with an additional plurality of
transposomes, thereby obtaining the nucleic acid library.  An example embodiment of a
workflow 15 depicted in FIG 32 which includes whole genome sequencing (WGS) which
inciudes: fragmenting genomic DNA into long fragments by limited tagmentation; land-

marking or adding a signature to the long fragments; amplifying the fong fragments with a bias
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against shorter fragments; tagmenting products prior to sequencing. Optional steps include
enrichment of the amplified long fragments with 2 panel of selection probes, such as capture
probes with certain sequences. A parallel workflow includes tagmenting the genomic DNA to
form a library of short fragments, such as a standard short read (SR} library, and sequencing
the library of short fragments.

[8107] Some embodiments also include enriching for target nucleic acids in the
amplified polynucleotides. In some embodiments, the enriching comprises hybridizing a
plurality of selection probes with the amplified polynucleotides, wherein the plurality of
selection probes is capable of specifically hybridizing with the target nucleic acids. In some
embodiments, the plurality of selection probes lack sequences capable of hybridizing o a
repetitive genomic DNA element. In some embodiments, the repetitive genomic DNA element
is selected from a tandem repeat, an Alu repeat, a short interspersed nuclear element (SINE),
a long mterspersed nuclear element (LINE), an integrated viral sequence, a viral long terminal
repeat {L'TR), and a transposon. Some embodiments also include amplifying the target nucleic
acids.

[08108] Some embodiments also include enriching for target polynucleotides in the
library of nucleic acids. In some embodiments, the enniching comprises hybridizing a plurality
of selection probes with the library of nucleic acids, wherein the plurality of selection probes
15 capable of specifically hybridizing with the target polynucleotides. Some embodiments also
melnde amplifying the target polynuclectides.

[68109] Some embodiments also 1nclude methods for determining a sequence of a
farget nucleic acid, comprising preparing a nucleic acid hibrary by any one of the embodiments
above, sequencing the library of nucleic acids to obtain sequence reads; and assembling
sequence reads to obtain the sequence of a target nucleic acid. In some embodiments, the
assembling comprises comparing the sequence reads to a reference sequence. In some
embodiments, the reference sequence 1s obtamed from the same nucleic acid sample as the

plurality of nucleic acid fragments.

Tarset envichment

(0110 Certain embodiments provided herein include enriching for target nucleic

acids during preparation of a nucleic acid hibrary. FIG. 32 shows an example work flow which
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inciudes steps for whole genome sequencing (WGS) with additional enrichment steps. In some
embodiments, the nucieic acid library s prepared from a nucleic acids sample with bead-linked
transposomes to generate long tagmented polynucleotides. The polynucleotides are marked
with  methods, such as mutagenssis amplification. In  an  optional  step,
suppression/bottlenecking PCR is performed where amplification is biased against shorter self-
annealing nucleic acids. Target nucleic acids can then be enriched for in the amplified nucleic
acids using selection probes. Additional steps can include a further tagmentation step to
generate shorter library nucleic, sequencing the library nucleic acids, and comparing the
generated sequence with a reference sequence obtained from the same nucleic acid sample.
8111 Enrichment efficiency 15 increased compared to conventional library
preparation methods because hvbridization of selection probes is to long tapmented
polynucleotides. For example, specificity, such as percentage hybridization to target, directly
affects the amount of sequencing needed to achieve target coverage depth. High specificity
hybridization fo target can be difficult to achieve in long repetitive regions and pseudogenes.
However, long fragment hybridization has several advantages over short fragment. As shown
1o FIG. 33, long fragment hybridization allows removal of neffective probes; allows strategic
placement of probes, such as adjacent to probleruatic genomic regions; and allows the use of
fewer probes to cover a region previously covered by many probes. Targeted enrichments can
achieve cost-effective human whole genome coverage. For example, genomic regions that may
have been typically underrepresented in conventional nucleic acid libraries can be targeted
with selection probes. Some embodiments provided herein mnclude the use of certain panels
of selection probes, such panels a Major Histocompatibility Cormplex (MHC) panel directed to
the MHC region; an American College of Medical Genetics and Genomics {ACMG) panel
directed to genes for which specific mutations are known to be causative of disorders that are
clincally actionable; a pharmacogenetic (PGX) panel directed to genes commonly targeted by
pharmacogenetic testing assays,; 3 challenging medically relevant gene (CMRG) panel directed
to medically relevant autosomal genes that may be under-represented in certain tests due to
repeats or polymorphic complexities; and a comprehensive genome wide {dark) panel directed

o genomic regions typicaily underrepresented in sequencing reads.
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Maior Histocompatibility Complex (MHC) panel

[0882] Some embodiments provided herein relate to targeting the MHC region of
the human genome. Some such embodiments include generation and/or use of a selection
probe panel to target the MHC region. The MHC region is a large locus located on the short
arm of human chromosome & (6p21.1-6p21 .3}, and contains highly polymorphic genes that
code tor cell surface proteins essential for the adaptive immune sysiem. The region is
challenging to obtain sequence information due to the presence of a high level of repetitive
sequences, sequence homology, pseudogenes, and a wide variety of alleles in the population.
Precise genotyping and phasing of the MHC region 1s challenging but highly chinically

desirable for applications such as organ transplantation and drug discovery.

American Collese of Medical Genetics {ACMG) panel

[0113] Some embodiments provided herein relate to targeting a panel of genes,
such as an American College of Medical Genetics (ACMG) panel of genes. Some suc
embodiments include generation and/or use of a selection probe panel to target the ACMG
genes. A selection probe panel was generated from a list of genes compiled by ACMG for
which specific mutations are known to be causative of disorders that are clinically actionable.
Miller DT, e gl , Genet Med. 2022 Jul;24(7).1407-1414. dox: 10.1016/5.g1m.2022.04.006.

[0114] A selection probe panel was designed to precisely call variants and phase in
these genes. The panel included 78 unique genes in ACMG SF v3.1, and targeted full genes.
The panel size was about 6.8 Mbp. The ACMG genes include those listed in TABLE 1A,

TABLE 1A

ACMG genes

ACTA2, ACTCL, ACVRLI1, APC, APOB, ATP7B, BAG3, BMPRIA, BRCAL, BRCA2,
BTD, CACNA1S, CASQ2, COL3AL, DES, DSC2, DSG2, DSP, ENG, FBN1, FLNC, GAA,
GLA, HFE, HNF1A, KONH2, KONQOI, LDLR, LMNA, MAX, MENT, MLH1, MSH2,
MSHG, MUTYH, MYBPC3, MYHTL, MYH7, MYL2, MYL3, NF2, OTC, PALB2, PCSKOY,
PKPZ2, PMS2, PRKAG2, PTEN, RB1, RBM20, RET, RPE6S, RYRI, RYRZ, SCNSA,
SDHAF2, SDHB, SDHC, SDHD, SMAD3, SMAD4, STK11, TGFBRI, TGFBR2,
TMEM127, TMEMA43, TNNC1, TNNI3, TNNT2, TP53, TPM1, TRDN, TSC1, TSC2, TTN,
TTR, VHL, WT1
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Pharmacogenetic (PGX) panel

[0115] Some embodiments provided herein relate to targeting a panel of genss,
such as a panel of pharmacogenetic (PGX) genes. Some such embodiments include generation
and/or use of a selection probe panel to target the PGX genes. A selection probe panel was
generated for genes commonly targeted by pharmacogenetic testing assays. Kalman LV, e
af , Clin Pharmacol Ther. 2016 February ; 99(2) 172-185. doi:10.1002/cpt. 280, Genetic
varmation 15 known to influence the way individual respond to therapeutics. Accurately
detecting functional haplotypes, such as haplotypes associated with protein activity levels
(“star alleles”) in clinically actionable pharmacogenetic genes 1s crucial to implementation of
personalized medicine. The panel was generated to achieve highly accurate genotyping and
star allele calling in such genes. The panel included 98 genes that are important in
pharmacogenetics, targeting full genes. The panel size was about 8.1 Mbp. The genes include
those listed in TABLE 18,

TABLE 1B

PGX genes

ABCB1, ABCG2, ABL1, ACE, ADHIA, ADHIB, ADHIC, ADRAZA, ADRB1, ADRB2Z,
AHR, ALDHIAI, ALK, ALOXS, ANKKI, ASL, BCHE., BCR, BRAF, BRCAIL,
CACNAIS, CFTR, COMT, CYPIAL CYPIAZ, CYP2A13, CYP2A6, CYPIB6,
CYP2C18, CYP2C19, CYP2CS, CYP2(9, CYP2D6, CYP2EL, CYP2J2. CYP3A4,
CYP3AS5, CYP3A7, CYP4F2, DPYD, DRD2, EGFR, ERBB2, F2. F'5, G6PD. GRIK4,
GREK4, GRKS5, GSTM1, GSTPI, HLA-A, HLA-B, HLA-C, HLA-DPBI, HLA-DQAI,
HLA-DQB1, HLA-DRA, HLA-DRBI, HMGCR, HTR2A, HTR2C, IFNL3, IFNL4,
KONH2, KONI1T, KIT, KRAS, MTHFR, NATI, NATZ, NOO1, NR1I2, NRAS, NUDTIS,
OPRM]1, P2RY1, P2RY12, PTGIS, PTGS2, RYRI, SCN5A, SLCI5A2, SLCI9AL,
SLC22A1, SLO22A2, SLCOIBL, SLCO2BI, SULTIAL, TPMT, TYMS, UGTIAL
UGT1 A4, UGT2ZB1S, UGT2B17, UGT2B7, VDR, VKORC]

[0116] Some embodiments provided herein relate to targeting a panel of genes,
such as a panel of challenging medically relevant genes ({CMRG). Some such embodiments
melude generation and/or use of a selection probe panel to target the CMRG. The repetitive
nature and complexity of some medically relevant genes poses a challenge for thew accurate
analysis in a climucal setting (Wagner J., er af, {2022) Nat Biotechnol. 40:672-680). The
Genome 1 a Bottle {(GIAB) Consortiurn has provided vanant benchmark sets, but these

exclude nearly four hundred medically relevant genes due to their repetitiveness or
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polymorphic complexity. Multiple regions of the genome are not fully resolved in existing
benchmarks due (o repetitive sequence, segmental duplications, and complex variants, such as
multiple nearby SNVs, INDELs, and/or 8Vs. Goldfeder RL er af. Genome Med. 8, 1-12
(2016).

[6117] About 5175 gene symbols have been previously identified from the
following sources: {1} 4,773 potentially medically-relevant genes from the databases OMIM,
HGMD, and ChinVar which includes both commonly tested and rarely tested genes (Mandelker
D er al. Genet. Med 18, 12821289 (2016). {2) The COSMIC gene census contains 723 gene
symbols found in tumors (Tate JG ef ¢/ Nucleic Acids Res. 47, D941-D947 (2019)). (3) A
focused list of “High Priority Clinical Genes” that are commonly tested for clinical inherited
diseases {Wagner ., er gf., (2022) Nat Biotechnol. 40:672-680}.

[0118] 5,027 have unique coordinates on the primary assembly of GRCh3¥ and
valid ENSEMBL annotations, and 4,697 are autosomal. 70% of these genes are specific to the
list from OMIM, HGMD, and ClinVar, which includes genes associated with disease ina small
number of studies and are currently tested more frequently in research studies than in high-
throughput clinical Iaboratories. 3935 genes mcluded 90% or less on GRCh37 or GRCh38.
Many of the 393 medically relevant genes were not covered well by the v4.2.1 small variant
benchmark due to SVs, complex variants, and segmental duplications. A CMRG benchmark
for 273 of the 395 genes has been previously created. {Wagner ], et al, (2022) Nat Biotechnol.
40:672-630}. To be included mn the CMR(G benchmark, the entire gene including 20 kb flanking
sequence on each side and any overlapping segmental duplications needed to have exactly one
fully aligned contig from each haplotype with no breaks on GRCH37 and GRCh38. The total
size of 391 of the CMRG gene panel is about 22.5 Mbp. The smaliest gene s about 66 bp
(SNORD64), the largest gene is about 1 Mbp (PTPRNZ). CMRG genes inclade those listed
TABLE 1C.

TABLE 1C

CMRG genes

A4GALT, ABCGS, ABO, ABR, ADAMISIO, ADAMTSLZ, AFP, AGL. AGRN,
ALOXE3, ANKRDI1, ANO7, APOBECI, APOBEC3H, APOCI, APOC2, APOC4,
ARHGEF10, ASIP, ATPAF2, AXINT, B3GAT3, BAX, BFSP2, BLOCIS3, BRAF, BSG,
BTRC, CIR. C3, CABIN1, CALR3, CANT1, CASP10, CBR3, CBS, CCL3L1, D247,
€320, CD4, CD55, CDH15, CDH17, CEL, CFC1, CFCIB, CFD, CFHR1, CFHR3, CHLI,
CHMP1A, CHRNA4, CLON7, CLIP2. ONR2, COLI8AL COL6AL, COLGA2, COX14,
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CMRG genes

COX6B1, CR1, CREB3L3, CRYAA, CTDPI, CYBSR3, CYP2GIP, CYPAFI2, CYP4F3,
D2HGDH, DAXX, DAZL, DCLREIC, DEAF1, DGCR6, DIP2C. DLGAP2, DMPK,
DNAAF4, DNMT3L, DOK7, DPPS, DPY19L2, DRD4, DSPP, DUNX4, DUX4LY, ECHSI,
EFF1A2, FHMT1, EIF2BS, EIF4E, ELANE. ELOA3, ENO3, ESPN, ESRRA. ETFB,
ETHE1, EXTL2, F7, FAM20C, FAT], FCGR1A, PCGR2B, FCGR3A, FGF3, FGFRLI,
FEKBPS, FLAD1, FLG, FLT4, FOXNI, FSCN2, FTCD, FUTL, FUT3, FXN, G6PC3, GAK,
GALNT9, GALR1, GALT, GCGR, GCSH, GDF3, GIP, GIPC3, GNPTG, GOLGA3,
GPIBA, GP6, GPL GPIHBPI, GRINI, GRKI., GSTMI1, GTF2I, GTF2IRD2, GUSB,
GYPA, GYPB, GYPE, Hi9, HBG1, HBM, HCN2, HCN3, HEATR2, HES7, HLA-B, HLA-
DOBI, HLA-DRBI, HMGCL, HMX1, HNF1A, HOMER?2, HOXBS8, HPD, HSD11B2,
HYAL1, HYDIN, IFTTM3, IFNL3, IGHAL IGHG!, IGHG?, IGHM, IGHV3-21, IGKC,
IGKV1-5, IKBKB, IKZF1, IMPAL, TNPPSD, INPPSE, INSL3, INSR, JAG2, KANSLI,
KATNAL2, KCNE!, KCNI8, KCNV2, KDM2B, KIR2DL1, KIR2DL3, KIR3DLI,
KISS1, KISSIR, KLF11, KLF14, KLK4, KMT2C, KNG1, KRTAPI-1, LAMB1, LBR,
LCE3B, LHFPLS, LIPN, LIX{, LMF1, LMNB2, LPA, LRIG2, LRPAPI, LZTFLI, MAFA,
MANIR, MAP?K3, MARVELD2, MASP2, MBOAT7, MCIR, MDK, MEST, MLC,
MLPH, MOGS, MPG, MRC1, MSTIR, MUCI, MUC16, MUC3A, MUC4, MUCSB,
MUSK, MYO9B, MYOT, MYTI, NACA, NAIP, NAPRT, NBEAP], NCF1, NCFIC,
NCR3, NDUFAS, NDUFAF 1, NDUFRB1, NDUFV3, NFKBIL1, NLRP12, NLRP2, NLRP7,
NOD1, NOTCH2, NPM1, NPPA, NSMF, NUTM2B, NUTM2D, OCLN, OPRL1, OR12D2,
QRAFS, ORS1A2, ORCS, P2RX2, P2RXS, PADI4, PAPSS2, PCBP1, PCCB, PCDHALD,
PCMT1, PDE4DIP, PDESB, PDLIM2, PDPK1, PDSS1, PEXS, PGAMS, PGAPS, PHKG2,
PIGV, PKD1, PKN3, PLA2GIO, PLTP, PMS2, PNKP, POLG2, PPIA, PPIPSK1, PRG4,
PRKCG, PRODH, PROZ, PRSSZ, PRPH, PTEN, PTK6, PTPRC, PTPRNZ, PTPRQ, PXDN,
RFX2, RGPD3, RHCE, RHOA, RNF212, RNF213, RPIA, RPL22, RPNI, RPS17,
RXYLT!, SARIB, SBK3, SDHA, SEC63, SEMGI!, SERPINF2, SH2BI, SHANKZ,
SHANK3, SIGLEC16, SIRT3, SLC17AS, SLO22A1, SLO22A12, SLO26A9, SLO27A4,
SLO27AS, SLO29A4, SLOSALL, SLC6ALS, SLO6A3, SMGT, SMN1, SMNZ, SMOC2,
SNORD6G4, SNTG2, SOHLH1, SPATA3ICI, SPIi, SPRN, SRGAP2, SRR, SSTRS,
STK11, 8TXBP2. SULTIA1, SUZ12, TAPBP, TAS2R46, TBXA2R, TCF3, TERT, TFPT,
THBS2, TIP2, TM4SF19, TMC6, TMEM114, TNNI3, TNNT1, TNNT3, TPCN2, TPO,
TRAPPC10, TRBVS, TRMT1, TRPM4, TTC37, TTLL1, TUBGCP6, TWIST2, TYKZ,
TYMS, U2AF1, UGT2AL, UGT2AZ, UGT2B17, UGT2B28, UNKL, USPS, UTP4,
UVSSA, VANGLY, VKORCI, VPSS3, ZAN, ZNF141, ZNF407, ZNF419, ZNF469,
ZNF479

Certam selection probes

[8119] Some embodiments nclude enriching for target nucleic acids m the
amplified polynucleotides, such as products of mutagenesis PCR, and/or products of
suppression PCR. In some such embodiments, the enriching comprises hybridizing a plurality
of selection probes with the amplified polynucleotides, wherein the selection probes of the

plurality of selection probes comprise different nucleotide sequences from one another. In
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some embodiments, the plurality of selection probes comprise at least 50, 160, 200, 500, 1000,
5000, or 10000 different selection probes.

{6126} in some embodiments, the selection probes are designed such that an
average distance between two adjacent nuclestide sequences of the selection probes on a
reference sequence of a genome, such as a human genome, is in a range from about 300
consecutive nucleotides to about 7,000 consecutive nucleotides; a range from about 500
consecuitve nuclectides to about 5,000 consecutive nucleotides; a range from about 750
consecutive nucleotides to about 2,300 consecutive nucleotides; a range from about 750
consecuitve nucleotides to about 1,500 consecutive nucleotides; a range from about 900
consecutive nuclectides to about 1,200 consecutive nucleotides. In some embodiments, an
average distance between two adjacent nucleotide sequences of the selection probes on a
reference sequence of a genome 15 about 750, 1000, 1500, or 2000 consecutive nucleotides.

(0121 in some embodiments, the selection probes are designed such that an
average number of sites in a genome, such as a human genome, that each selection probe of
the plurality of selection probes 1s capable of hybridizing to is no more than 100 different sites
1o the genome, no more than SO different sites n the genome, no more than 40 different sites
in the genome, no more than 30 different sites in the genome, no mwore than 20 different sites
10 the genome, no more than 10 different sites 10 the genome, or no more than 5 dufferent sites
m the genome, or any number between any of the foregoing number of different sites. In some
embodiments, each selection probe of the plurality of selection probes s capable of hybridizing
1o no more than 100 different sites in the genome, no more than 50 different sites i a genome,
no more than 40 different sites in a genome, no more than 30 different sites in a genoms, no
more than 20 different sites in a genome, or no more than 10 different sites in a genome, or
any number between any of the foregoing number of different sites. In some embodiments, a
selection probe capable of hybridizing to a site in the genome comprises at least S0, 66, 70, or
80 consecutive nucleotides complementary to at feast 80%, 90%, 95%, 96%, 98%, or 100% of
a nucleotide sequence at the site in the genome. In some embodiments, a selection probe
capable of hybridizing to a sife in the genome comprises at least 50 consecutive nucleotides
complementary to at least 90% of a nucleotide sequence at the site in the genome.

[8122] in some embodiments, the plurality of selection probes lack sequences

capable of hybridizing to a repetitive genomic PNA element. In some embodiments, the
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repetitive genomic DNA element s selected from a tandem repeat, an Alu repeat, a short
interspersed nuclear element (SINE}, a long interspersed nuclear element (LINE)}, an integrated
viral sequence, a viral long terminal repeat (L'TR), and a transposon.

[0823] in some embodiments, the selection probes target regions of the genome
including those which typically under-represented in short read genome sequencing reactions,
such as dark regions. Such selection probes can include a comprehensive set of probes
distributed throughout the entire genome. In some embodiments, each selection probe of the
plurality of selection probes comprises a nucleotide sequence capable of hybridizing to a region
i a human genome represented in a RefSeq database and having a MAP( score less than 50,
in some embodiments, each selection probe of the plurality of selection probes comprises a
nucleotide sequence having at least 90%, 95%, or 100% sequence identity to any one of SEQ
1D NOs:02-122770. In some embodiments, each selection probe of the plurality of selection
probes comprises a nucleotide sequence having at least 90%, 95%, or 100% sequence identity
10 any one of SEQ 1D N(s:39954,

[0124] In some embodiments, the selection probes target the MHC region of a
genome, such as a human genome. In some such embodiments, each selection probe of the
plurality of selection probes comprises a nucleotide sequence capable of hybridizing to a
nucleotide sequence within human chromosome 6p21.1 — 6p21.3; to a nucleotide sequence
between nucleotide sequences encoding MOG and COLI1AZ n a human genome; and/ortoa
site in a major histocompatibihity complex (MHC) locus of a human genome. In some
embodiments, the selection probes target a plurality of selected genes, such as a panel including
American College of Medical Genetics (ACMG) genes, such as the genes listed in TABLE
1A, In some such embodiments, each seleciion probe of the plurality of selection probes
comprises a micleotide sequence capable of hybridizing {0 a gene selected from TABLE 14,
and/or a nucleotide sequence within, no more than 16 kbp 5" or no more than 10 kbp 3" of a
gene selected from TABLE 1A In some embodiments, the selection probes target a plurality
of selected genes, such as a panel including pharmacogenetic (PGX) genes, such as the genes
listed in TABLE 1B. In some such embodiments, each selecition probe of the plurality of
selection probes comprises a nucleotide sequence capable of hybridizing to a gene selected
from TABLE 1B; and/or a nucleotide sequence within, no more than 10 kbp 5’ or no more than

10 kbp 3" of a gene selected from TABLE 1B. In some embodiments, the selection probes
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target a plurality of selected genes, such as a panel including challenging medically relevant
genes ({CMRG]), such as the genes listed it TABLE 1C. In some such embodiments, each
selection probe of the plurality of selection probes comprises a nuclestide sequence capable of
hybridizing to a gene selected from TABLE 1C; and/or a nucleotide sequence within, no more

than 10 kbp 5" or no more than 10 kbp 3’ of & gene selected from TABLE 1C.

Certain compositions, kits and svstems

[8125) Some embodiments of the methods and composition provided herein
mciude kits and systemns for preparing a nucleic acid library. Some embodiments include a kit
comprising. a first bead-linked transposomes (BLT-1)} reagent, wherein the BLT-1
transposomes comprises a first adaptor sequence; a mutagenesis reagent comprising a first
primer, dPTPs, dNTPs, and a polymerase; a second bead-linked transposomes (BLT-2)
reagent, wherein the BLT-2 transposomes comprise the first adaptor and a second adaptor; an
amplification reagent comprising a first primer, a second primers, dNTP, and a polymerase;
wherein BLT-1 has a lower transposome density as compared to BLT-2; and  wherein the first
primer hybridizes to the first adaptor sequence and the second primer hybridizes to the second
adaptor sequence. In some embodiments, BLT-2 has more than 10, 20, 50, 100, or 1000 times
the transposome density as compared 1o BLT-1. To some embodiments, the st adaptor s B15
and the second adaptor 13 Al4. Some embodiments include population of oligonucleotides,
wherein the oligonucleotides comprise at least 16, 100, 1000, 10600 different nucleotide
sequences selected from any one of SEQ ID N(¥s. 02-122770.

[0126] Some embodiments include system for preparing a nucleic acid hbrary,
comprising: {a} a first plurality of transposomes comprising transposon adapiors for
tagmenting a plurality of nucleic acid fragments, wherein the {irst plorality of transposomes s
mmobilized on a first plurality of beads at a first density; (b) reagents for amplifying the
plurality of polynucleotides to obtam amplified polynucleotides, wherein the amplifying
comprising a mutagenesis PUR and/or a suppression PCR, wherein: (i) the first reagent for
performing mutagenesis PCR comprise a low bias DNA polymerase and/or a nuclestide
analogue; optionally, wherein the nucleotide analogue comprises dPTP, and/or 8-oxo-dGTP,;
and/or the low bias DNA polymerase 1s a Thermococcal polymerase, or a functional derivative

thereof, optionally, wherein the Thermococcal polvmerase is derived from a Thermococcal
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strain selected from the group consisting of 7. kodakarensis, T. siculi, I cefer and T. sp K8-1,
and (i1} the first reagents for performing suppression PCR comprise amplification primers
having the same nuclectide sequence capable of hybridizing to the transposon adaptors; (¢} a
plorality of selection probes for enriching for target polynuclectides i the amplified
polvnucieotides; and {d} a second plurality of transposomes comprising library adaptors for
addimg library adaptors 1o each end of the amplified polynucleotides, wherein the second
plurality of transposomes is immobilized on a second plurality of beads at a second density,
wherein the first density is less than the second density.

(61274 Some embodiments include a system for preparing a nucleic acid library,
comprising. {a} a fust plurality of transposomes for tagmenting a plurality of nucleic acid
fragments to obtain a plurality of polynucleotides; () first reagents for amplifying the plurality
of polynucieotides to obtain amplified polynucleotides; and (¢} second reagents for adding
library adaptors to each end of the amplified polynucieotides. In some embodiments, the first
plurality of transposomes comprises transposon adaptors, wherein the first plurality of
transposomes 1s mmmobilized on a sohd support. In some embodiments, the solid support
comprises a first plurality of beads.

[6128] Insome erubodiments, the furst plurality of the transposomes is immobilized
on the first plurality of beads at a dewnsity such that on comtacting the first pluraliy of
transposomes with the plurality of nuclewc acid fragments the plurality of polynucleotides has
an average length of the plurabity of polynucleotides 15 greater than about 1 kbp, 2 kbp, 5 kbp,
10 kbp, 15 kbp, 20 kbp, or 40kbp. In some embodiments, the average length of the plurality of
polvaicleotides is 0 a range from about 1 kbp to about 40 kbp, 1 kbp to about 30 kbp, 1 kbp
to about 20 kbp, 5 kbp to about 20 kbp, 5 kbp to about 15 kbp, or 7 kbp to about 12 kbp.

[8129] In some embodiments, the number of transposomes immobilized on the
bead is no more than about 100 transposomes, SO transposomes, 40 transposomes, 30
fransposomes, 20 transposomes, or 10 transposomes. In some embodiments, the number of
transposomes immobilized on the bead is no more than about 30 transposomes.

[6136] In some embodiments, the first plurality of the transposomes immobilized
on the bead comprise a total activity such that on contacting the first plurahity of transposomes
with the plurality of nucleic acid fragmenis the plurality of polynucleotides has an average

length greater than about 1 kbp, 2 kbp, 5 kbp, 10 kbp, 15 kbp, 20 kbp, or 40 kbp. In some
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embodiments, the average length of the plurality of polynucieotides i3 in a range from about 1
kbp to about 40 kbp, 1 kbp to about 30 kbp, 1 kbp to about 20 kbp, 5 kbp to about 20 kbp, 5
kbp 1o about 15 kbp, or 7 kbp to about 12 kbp.

[8131] In some embodiments, the first plurality of the transposomes immobilized
on the bead comprise an activity in a range from about 0.05 AU/ud to about .25 0.05 AU/ul
In some embodiments, the first plurality of the transposomes immobilized on the bead
comprise an activity of about 0.075 AU/ul

[8132] In some embodiments, the transposon adapters comprise the same
sequence. In some embodiments, the transposon adapters comprise the nucleotide sequence:
SEQ ID NG:01 {(GICTCGTGGGLTCGG)

[0133] in some embodiments, the transposomes of the plurality of transposomes
are the same. In some embodiments, the transposomes of the plurality of transposomes are B15
transposomes.

[8134] In some embodiments, the first reagents comprise reagents for performing
mutagenesis PCR comprising a low bias DNA polymerase and/or a nucleotide analogue. In
some embodiments, the nucleotide analogue comprises dPTP, and/or §-0x0-dGTP. In some
embodiments, the low bias DNA polymerase 1s a Thermococcal polymerase, or a functional
derivative thereof In some embodiments, the Thermococcal polymerase is derived from a
Thermococcal strain selected from the group consisting of 7. kodakavensis, T. siculi, T. celer
and T. sp KS-1.

[B8135] in some embodiments, the first reagents comprise reagents for performing
suppression PCR comprising amplification primers having the same nucleotide sequence. In
some embodiments, the amphification primers are capable of hybridizing to the transposon
adaptors.

[0136] In some embodiments, the second reagents comprise a second plurality of
fransposomes comprising the hibrary adaptors. In some embodiments, the second plurality of
transposomes has an activity such that on contacting the second plurality of transposomes with
the amplified polynucleotides a library of nucleic acids is obtained and comprises the hibrary
adaptors and having an average length less than about 1 kb, 900 bp, 800, by, 700 bp, 600 bp,
500 bp, 400 bp, 300 bp, 200 bp, or 100 bp.
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(6137} in some embodiments, the first plurality of the transposomes 1s immobilized
on the beads at a density less than a density at which the second plurality of transposomes arg
immobilized on the second plurality of beads.

[0138] Some embodiments also include third reagents for enriching for target
polvnucieotides in the amplified polynucleotides, comprising a phurality of selection probes.
In some embodiments, the plurality of selection probes is attached to a third plurality of beads.

[6139] In some embodiments, an average distance between two adjacent nuclestide
sequences of the selection probes on a reference sequence of a genome 1s in a range from about
300 consecutive nucleotides to about 7,000 consecutive nucleciides. In some embodiments,
the range 15 from about 300 consecutive nucleotides to about 5,000 consecutive nucleotides.
In some embodiments, the range 1s from about 750 consecutive nucleotides to about 2,500
consecutive nucleotides. In some embodiments, the range is from about 750 consecutive
nucleotides to about 1,500 consecutive nucleotides. In some embodiments, the range is from
about 900 consecutive nucleotides to about 1,200 consecutive nucleotides. In some
embodiments, an average distance between two adjacent nuclestide sequences of the selection
probes on a reference sequence of a genome 1s about 750, 1000, 1500, or 2000 consecutive
nucleotides.

[6148] In some embodiments, an average number of sites 10 a genome that each
selection probe of the plurality of selection probes 13 capable of hybridizing to is no more than
50 different sites n the genome, to no more than 40 different sites in the genome, 10 1o more
than 30 different sites in the genome, 16 no more than 20 different sites i the genome. In some
embodiments, each selection probe of the plurality of selection probes is capable of hybridizing
{0 no more than SO different sites in g genome, 1o no more than 40 different sites in g genome,
o no more than 30 different sites in a genome, to no more than 20 different sites in a genome.
In some embodiments, a selection probe capable of hybridizing to a site in the genome
comprises at least 50, 60, 70, or 30 consecutive nucleotides complementary to at least 90% of
a nucleotide sequence at the site in the genome.

[0141] In some embodiments, the plurality of selection probes lack sequences
capable of hybridizing to a repetitive genomic DNA element; In some embodiments, the

repetitive genomic PNA element s selected from a tandem repeat, an Alu repeat, a short
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interspersed nuclear element (SINE), a long interspersed nuclear element (LINE}, an integrated
viral sequence, a viral long terminal repeat (LTR), and a transposon.

[8142] in some embodiments, the plurality of selection probes comprise at least 50,
100, 200, 500, 1000, 5000 different selection probes.

[0143] In some embodiments, each selection probe of the plurality of selection
probes comprises a nucleotide sequence capable of hybridizing to a region in a human genome
represented in a RefSeq database and having a MAPQ score less than 50. In some
embodiments, each selection probe of the plurality of selection probes comprises a nucleotide
sequence having at least 90%, 93%, or 100% sequence identity to any one of SE(Q 1D NOs:02-
122770, In some embodiments, each selection probe of the plurality of selection probes
comprises a nucleotide sequence having at least 90%, 93%, or 100% sequence identity to any
one of SEQ ID NOs:39954,

0144 in some embodiments, each selection probe of the plurality of selection
probes comprises a nucleotide sequence capable of hybridizing to a nucleotide sequence within
human chromosome 6p21.1 — 6p21.3; to a nucleotide sequence between nucleotide sequences
encoding MOG and COLITA2 in a bhuman genome; and/or to a sie 1o a major
histocompatibility complex (MHC) locus of a human genome. To some embodirnents, each
selection probe of the plurality of selection probes comprises a nucleotide sequence capable of
hybridizing to a gene selected from TABLE 1 A; and/or a nucleotide sequence within, no more
than 10 kbp 5" or no more than 10 kbp 37 of 3 gene selected from TABLE 1A In some
embodiments, each selection probe of the plurality of selection probes comprises a nucleotide
sequence capable of hybridizing to a gene selecied from TABLE 1B, and/or a nuclectide
sequence within, no more than 10 kbp 5’ or no more than 10 kbp 37 of a gene selected from
TABLE 1B. In some embodiments, each selection probe of the plurality of selection probes
comprises a nucleotide sequence capable of hybundizing to a gene selected from TABLE 1C;
and/or a nucleotide sequence within, no more than 10 kbp 5" or no more than 10 kbp 37 of &
gene selected from TABLE 1C.

[6145] In some embodiments, the plurality of nucleic acid fragments is
mammalian. In some embodiments, the plurality of nucleic acid fragments is human. In some

embodiments, the plurality of nucleic acid fragments comprises genomic DNA.
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[0146] Some embodiments include a kit comprising a plurality of selection probes.
In some embodiments the plurality of selection probes comprise at least 50, 160, 1000, 2000,
3000, 4000, 5000, 10000, 20000, 30000, or 40000 or any number between any one of the
foregoing numbers of different nucleotide sequences.

(01471 In some embodiments, each selection probe of the plurality of selection
probes comprises a nucleotide sequence capable of hybridizing to a region in a human genome
represented in a RefSeq database and having a MAPQ score less than 50. In some
embodiments, each selection probe of the plurality of selection probes comprises a nucleotide
sequence having at least 90%, 93%, or 100% sequence identity to any one of SE(Q 1D NOs:02-
122770, In some embodiments, each selection probe of the plurality of selection probes
comprises a nucleotide sequence having at least 90%, 93%, or 100% sequence identity to any
one of SEQ ID NOs:39954,

[0148] in some embodiments, each selection probe of the plurality of selection
probes comprises a nucleotide sequence capable of hybridizing to a nucleotide sequence within
human chromosome 6p21.1 — 6p21.3; to a nucleotide sequence between nucleotide sequences
encoding MOG and COLITA2 in a bhuman genome; and/or to a sie 1o a major
histocompatibility complex (MHC) locus of a human genome. lo some embodirnents, each
selection probe of the plurality of selection probes comprises a nucleotide sequence capable of
hybridizing to a gene selected from TABLE 1 A; and/or a nucleotide sequence within, no more
than 10 kbp 5" or no more than 10 kbp 37 of 3 gene selected from TABLE 1A In some
embodiments, each selection probe of the plurality of selection probes comprises a nucleotide
sequence capable of hybridizing to a gene selscted from TABLE 1B, and/or a nucleotide
sequence within, no more than 10 kbp 5’ or no more than 10 kbp 37 of a gene selected from
TABLE 1B. In some embodiments, each selection probe of the plurality of selection probes
comprises a nucleotide sequence capable of hybundizing to a gene selected from TABLE 1C;
and/or a nucleotide sequence within, no more than 10 kbp 5" or no more than 10 kbp 37 of &

gene selected from TABLE 1C.
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EXAMPLES

Example 1 —QGeneration of nucleic acid library

(0149 The following describes the preparation of human genome librasies for
sequencing with (1} low-density bead-linked transposomes; (2} random mutagenesis; and (3}
bottlenecking {suppression} amplification. The workflow included uniguely encoding long
DNA templates with steps including highly uniform random mutagenesis and amplification.
The long DNA templates were then fragmented and sequenced on a standard short-read (SR}
platform. Reads from prepared libraries were used to accurately reconstruct and decode the
original long template sequences using an unmutated reference data set which was generated
in paraliel

[0150] Unmutated reference data: to reconstruct accurate long read sequences from
mutated short reads, an additional unmutated reference data set was used. This was generated
from the same genomic starting material as the sample to be mutated, using standard methods
for short-read library preparation and sequencing. Paired end reads were generated at a
aumimum length of 2 x 150 nucleotides for the unmutated data set, with a recommended 60x
genome coverage for isolated bacterial genomes and 40x for pure human cell cultures.

[6151] Input BDNA requirements: the workflow was found to be compatible with
genomic DNA samples of relatively poor qualtty, containing unwanted low meolecular weight
fragments. These low molecular weight fragments were actively excluded by certain steps in
the workflow; and the presence of some higher molecular weight material (> 20 kb) was
inciuded o generate long templates for sequencing. To quantify wnput DNA for library
preparation, a fluorometric-based method such as the Qubit dsDNA HS Assay Kit (Thermo
Scientific) was used. Concentrations of mput DNA between 12.5 and 50 ng/ul was used.

[0152] The following outlines a workflow which ncluded: high molecular weight
tagmentation;, mutagenesis PCR; library normalization; bottlenecking (suppression) PCR;

hibrary preparation; fragment analysis of products; and sequencing,

Reacents. materials and thermocycler parameters

BLT Long Range BLT-LR

Long Range PCR Mix LPM
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Long Range Marking Mix LMM
Long Range Primer Mix 1 LRPI
Long Range Primer Mix 2 LRP2
Library Reducing Beads LRB
Binding Buffer iBB
Wash Buffer 1 IWB1
Stop Tagment Buffer 2 ST2
[Humina Purification Bead B
PW1 {water}

Resuspension Buffer RSB
Ethyl Alcohsl, Pure

Enrich BL Transposome, Lg-LT eBLT-L
Enhanced PCR Mix EPM
Tagmentation Buffer 1 TB1
Tagmentation Wash Buffer TW8
Nextera DNA UD Index Plate

Tagmentation parameters

Step | Temperature

Timne

H 55C

S minutes

2 10°C

hold

Mutagenesis PCR parameters

Step | Temperature

Time

i 680 3 minutes
PCR cyeles (12 eveles)

2 98°C 10 seconds
68°C 10 minutes
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hold

Bottlenecking PCR parameters

Step

Temperature

Time

PCR cycles (14 or 16 cycles)

1 Qg 10 seconds
68°C 10 minutes
3 48C hold

Index PCR parameters

Step | Temperature | Time
i 68°C 3 minutes
2 a8 3 minutes

PCR cycles (6 cycles)

989 45 seconds
’ 62°C 30 seconds
68°C 2 minute
4 68°C 1 minutes
5 4°C hold

Higl

High molecular weight tagrmentation

[6153]

fong DNA fragments tagged with adapter sequences.

PCT/US2023/067467

Thas step used low density bead-linked transposomes (BLT-LR) to generate

i Label a Biorad PCR plate.

5 ;abei a 1.7ml tube and add the following components i order: BLT-LR; and
TB1

3 Vortex to mix thoroughly, then briefly pulse centrifuge.

4 Add 20l of mastermx to wells.

5 Add 30! input DNA (50 ng total).
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6 Use a pipette to gently mix then briefly pulse centrifuge.

7 Place tubes in a thermocycler with a heated hid set to 80°C and run the Tagment.
8 Remove from the thermocyeler and add 10ul of ST2.

9 Use a pipette set at half of the total mn volume to gently mix.

10 Tncubate at room temperature for 2 min,

Place the tubes on a magnetic stand or plate for 3 min or unti} the solution 18
clear. Remove and discard the clear supernatant. Note: If beads become

11 . . o . S S
disturbed during aspiration, redisperse sohution into the tube. Maintain tube on
the magnet to let the beads setile.

17 Remove tubes from the magnet and add 100 ul TWEB. Gently pipette mix until

beads are fully resuspended.

Place the tubes on a magnetic stand or plate and ncubate for at least 2 min, or
13 until clear. While samples are mcubating, proceed to the next step. Note: Keep
pellets in TWHB to help prevent any chance of over-drying the beads.

Mutagenesis PCR

[01584] In this step, long templates were uniquely encoded via random

mcorporation of the mutagenic nucleotide analogue dPTP during PCR.

Label a 1 7m] tube and combine the following to prepare mutagenesis master

4 mix: LMM; LPM, LRP1; and RSE.
is Use a pipette to mix thoroughly, then briefly pulse centrifuge.
16 Remove TWE from each well.

17 Add 50 pl of master mix to beads.

1& Gently pipette mix to resuspend beads

19 Place in preprogrammed thermal cyeler and run the Mutagenesis PCR program.
20 Remove from thermocycler,

21 Vortex IPB to resuspend the beads.

22 Add 30 ul of IPB beads to each well

23 Mix the total reaction volume by gently pipeiting at least 10 times and mncubate

for 2 minutes at room temperature.

24 Place on the magnetic stand and wait until the hquid 1s clear (~5 minutes}.
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25 Remove and discard all supernatant,
Wash beads as follows: a. keep on the magnetic stand and add 180 ul fresh 80%
26 EtOH to each well; b, wait 30 seconds; and ¢. remove and discard all
supernatant
27 Briefly spin for 10 seconds and return plate to maguet.
28 With a 20 ul pipetie, remove all residual EtOH.
29 Drry on magnet for 2 minutes.
30 Remove from the magnetic stand and add 25 pl RSB to each well.
31 Pipette mix and incubate at room temperature for 2 minutes.
32 Place on the magnetic stand and wait until the hiquid s clear {(~2 nunutes).
13 Transfer 10 pl supernatant to a new plate and leave remaining supernatant with
o SPRI beads

Librarv normalization

34 In' a 1}6\&*; ml tube, combingrthﬂe following to prepare normalization master mix:

’ Binding Buffer (IBB); and LRB

35 Yortex normalization master mix until homogenous immediately prior to use.

36 Pipette 10 ub of prepared masternix into each well containing 10 gL of DNA.

37 Seal plate with microseal and put on bioshake for 30 minutes at 1800 rpm.

38 Remove pi_aite from bioshake and place on plate magnet for 1 nunute. Removing
and replacing plate on magnet may help to condense beads.

39 Gently remove supernatant, taking care not o disturb beads.

40 Remove plate from magunet.

41 Immediately add 150 uL. of TWBI to each well.

42 Using a p200 pipette set to 140 ukb., pipette mix each well at least 10 times.

43 Place on plate magnet for 1 minute.

44 Gently remove supernatant, taking care not to disturb beads.

45 Repeat steps 41-44 for a total of two washes. Remove plate from magnet.

46 Immediately add 150 yl. of 80% EtOH to each well.

47 Using a p200C pipette set to 140 ukb, pipette mix each well at least 10 times.

48 Place on plate magnet for 1 minute.
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49 Gently remove supernatant, taking care not to disturb beads.

50 Briefly spin down plate and use a p20 to remove excess liquid.

51 Allow to dry for 2 munuies.

52 Add 80 uL. of RSB to each sample well.

53 Using a pipette set to SO ul., pipette mix each sample at least 10 times.

54 Allow to incubate for 10 minutes.

55 Place on plate magnet for 1 nunute.

56 Transfer 70 yL of supernatant to new well.

57 If performing 165 pg mput, go to step 62 for next
If performing 55 pg input, dilute 20ui of eluted material in 40 ul of RSB 1
adjacent well. Mix well, then use 2 pl as stated mn step 62.
[Optional] Measure DNA on Qubit using 10 pl of DNA diluted in 190 L of
Qubit buffer.

Bottenecking (suppression) PCR

amplified to create many copies of each unigue template. The amount of starting matenal in
the bottlenecking PCR determined the number of long templates available for sequencing, and
was controlled through careful ditution of the mutagenesis sample. The following protocol was
used to generate between about 10x to about 30x long-read coverage of the human genome
{see below). For arbifrary samples, a simple calculator or look up table was provided to guide

users on sample dilution and indicate the number of enrichment cycles required for a particular

[6155]

genome size or sample fype.

co Combine the following volumes to prepare enrichment master mix: LPM; and
53 -
LRP2.
59 Use a pipette to mix thoroughly, then briefly pulse centrifuge.
60 Add 48 ul of master mix to a new Bio-Rad plate. Place tubes on ice.
61 Add 2 ul of DNA 10 each well
62 Gently pipette mix the SO ul reaction and briefly pulse centrifuge.
63 Place in preprogrammed thermal cycler and run the Bottlenecking PCR program.
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Note: Perform 16 enrichment cycles for 10x genome coverage or 14 eveles for

64 a0k

65 Remove from thermocyeler.

66 Vortex IPB to resuspend the beads.
67 Add 30 ul of 1B beads to each well.

Mix the total reaction volume by gently pipetting at least 10 tumes and incubate

638 .
for 2 minutes at room temperature.

69 Place on the magnetic stand and wait until the liquid 1s clear (~5 minutes).

70 Remove and discard all supernatant.

” Wash beads as follows: a. keep on the magnetic stand and add 180 pl fresh 80%
EtOH to each well; b, wait 30 seconds; and ¢. remove and discard all supernatant.

72 Briefly spin for 10 seconds and return plate to magnet.

73 With a 20 pl pipette, remove all residual EtCH.

74 Dry on magnet for 2 minutes.

75 Remove from the magoetic stand and add 25 pi RSB to each well.

76 Pipette nux and Incubate at room temperature for 2 minutes.

77 Place on the magnetic stand and wait until the liquid is clear (~2 minutes).

78 Transfer 24 pl supernatant 1o a new plate.

79 Keep on ice for same day use or store at -20°C {safe stopping point).

Determine the concentration of each purified hottlenecking PCR product with the
Qubit dsDNA HS Assay Kit. Use 1-2 pl of sarople DNA per measurement.

Library preparation

[01536] In this step the long, mutated DNA templates were fragmented and adapters
were attached to create a library of short, overlapping fragments that are ready for sequencing.
S0 ng of each purified enrichment product can be used as mput DNA for nternal library
preparation. A sroall amount of bottlenecking PCR product was reserved for subsequent

analysis of template size.

81 Bring TB1 and eBLT-L to room temperature and vortex to nux.
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%7 Malkee a difution using RSB and 50 ng worth of purified bottlenecking product
nto each well with a final volume of 30 pl.

23 Vortex eBLT-L vigorously for 10 seconds, then visually check the beads for
complete resuspension. Repeat as necessary.

34 Prepare a tagmentation master mix: eBLT-L; TB1.

25 Vortex the tagmentation master mix thoroughly to make sure the eBLT-L
beads are evenly resuspended in the buffer.

26 Using fresh tips, transfer 20 ul of tagmeniation master mix to each tube
containing 30 pl of DNA.

87 Pipette mix the 50 yl reaction mix to resuspend.

88 Place in preprogrammed thermal cyeler and run the Tagment program.

29 Remove from thermocyeler and add 10 pl of ST2 10 each tagmentation

' reaction.

90 Use a pipette set at half of the total rxn volume to gently mix.

91 Incubate at RT for 5 minutes.
Place the tubes on a magnetic stand or plate for 3 mun or until the solution 1s

93 clear. Remove and discard the clear supernatant. Note: If beads becomse

i disturbed during aspiration, redisperse solution mto the tube. Maintain tube on
the magnet to let the beads settle.

93 Remove tubes from the magnet and add 100 ul TWB. Gently pipette mix until

i beads are fully resuspended

94 Place the tubes on a magnetic stand or plate for 3 min or until the solution s

’ clear. Remove and discard the clear supernatant.

95 Remove tubes from the magnet and add 100 ul TWB. Gently pipette mix until

- beads are fully resuspended (total of 2 washes).

Place the tubes on a magnetic stand or plate and incubate for at least 3 min, or

o6 until clear. While samples are incubating, proceed to the next step. Note: Keep
peliets in TWB to help prevent any chance of over drying the beads.

97 Prepare a index PCR master mix: EPM; RSB,

o8 Use a pipette to mux thoroughly, then briefly pulse centrifuge.
Carefully remove the second TWB wash from the samples while on the

99 magnet. Use a pipette with P10 or P20 tips to remove excess hiquid from the
tube. Any remaining foam on the tube walls does not adversely affect the
library.

100 Remove tubes from the magnet and proceed immediately to the next step to
prevent excessive drying of the beads.
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101 Add 46 ul of the PCR master mix to gach sample. Gently pipette mix to ensure
the beads are thoroughly resuspended.

102 To cach sample, add 4 uf Nextera DNA UD Index. Use a unique combimation

N of indexes for each sample.

103 Using a pipette set to 40 pl, pipette mix a minimum of 10 times to mix the
entire reaction volume.

104 Place n preprogrammed thermal cycler and run the Index PCR program.

105 Clean up PCR reaction using 1PB beads as follows:

106 Place plate on the magnetic stand and wait uniil the liquid 1s clear (~5
minutes)

107 Transfer 45 pL of supernatant to a new plate.

108 Add 55 ull RSB to bring volume to 160 ul..

109 Perform a double-sided bead purification as follows:

110 Add 30 uL. of IPB beads to the sample.

11 Mix the total reaction volume by gently pipetting at least 10 times and
mncubate for 2 minutes at room temperature.

11z Place on the magnetic stand and wart uniil the liquid 1s clear (~5 minutes).

13 Transfer 127 pl of the clear supernatant in new wells. Discard the remaining

- beads.

114 Add 20 pl of IPB beads to the sample.

115 Mix the total reaction volume by gently pipetting at least 10 times and
meubate for 2 minutes at room temperature.

iis Place on the magnetic stand and wait until the liquid 1s clear (-3 minutes).

i17 Remove and discard all supernatant.
Wash beads as follows: a. keep on the magnetic stand and add 180 pl fresh

118 80% EtOH to each well; b. wait 30 seconds; and ¢. remove and discard all
supernatant.

119 Briefly spin for 10 seconds and return plate to magnet.

120 With a 20 ul pipette, remove all residual EtOH.

121 Dry on magnet for 2 minutes.

122 Remove from the ragnetic stand and add 30 ul RSB to each well.

123 Pipette mix and mcubate at room temperature for 2 minutes.

124 Place on the magnetic stand and wait untif the Hiquid s clear {~2 minutes).
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125 Transfer 28 pl to a new plate,
126 Determine the concentration of each purified envichment product with the
Cubit dsDNA HS Assay Kit. Use 1-2 ul of sample DNA per measurement.
127 Keep on ice for same day use or store at -20% (SAFE STOPPING POINT}
(8157} Libraries were quantified, normalized and sequenced using standard

workflows for libraries. Example additional considerations for quality control, sample index

selection and sequencing are provided below.

Fragment analvsis of products

198 Run purified library prep product on appropriate instrument for fragment
analysis.
129 Record the average fragment length for the purified library prep product.
0158 DNA fragment length: assessing the fragment length profile of the purified
| 2 2 £ 3 ain f 8

bottlenecking PCR product was performed to evaluate the size distribution of long templates
as well as to evaluate the final short-read library. To assess the fragment size of the purified
bottlenecking PCR product, the following products from Agilent Technologies® were used:
Bioanalyzer 2100, TapeStation 4200, and Fragment Analyzer 5300; or equivalent technologies

from other providers.

Purified Bottlenecking Product

Expected average
fragment length

{bp)

) Recommended
Kit

Instrumentation L
¢ Region {(bp}

Bioanalyzer 2100

High Sensitivity DNA

3,000-10,000

7,000-8,000

Fragment Analyzer
5300

DNF-464 HS Large
Fragment

3,000-49,000

7,000-8,000

[6159]

aroend 7,000 ~ 8,000 bp, with vistually no products below ~3,000 bp. FIG. 3A illustrates
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purified bottlenecking PCR product run on an Agilent® Bicanalyzer using a High Sensitivity

DNA Kit.

Final Library

nstrumentation | Kit Region Expea:t?d average fragroent
{(bp} fength {bp)
TapeStation High Sensitivity "
& ) "
4700 135000 150-1,560 | 800-900
Bioanalyzer

2100 High Sensitivity BDNA | 150-1,500 | 800-900

{8166} The peak template length after botilenecking PCR was expected to be
around 800 - 900 bp. FIG. 3B illustrates purified final library prep product run on an Agilent®

Bicanalyzer using a High Sensitivity DNA Kit.

Sequencing

[8161] The final bibrary or library pool was sequenced on a NGS instrument,
generating 2 X 150 nt paired end reads. The aim was to produce at least 400 Gbp of sequence
data for mutated samples targeting 10x long-read coverage of the human genome, or at least
1200 Gbp for 30x coverage. This was in addition to the unmutated reference data that was also
required for long read reconstruction.

Example 2—Effects of immobilizing transposomes on beads at low densities

[0162] This example dlustrates improved long read coverage by changing initial
tagmentation from soluble transposomes to low density bead-linked transposomes (BLT-LR};
and changing from an Al4/B15 wmuture of BLT-LRs to B15 BLT-LR only. Nuclewe acud
hibraries were generated and sequenced with a protocol substantially simular to that of Example
1. Dafferent amounts of input DNA were tested. A protocol using bead-linked transposomes
was compared with a protocol using transposomes in soluiton.  As shown m FIGs. 4A-4C a
switch from low concentration soluble transposomes to low-density BLT (BLT-LR} provided
mereased robusiness to changes in transposomenput DINA ratio; and a more uniform coverage

with BLT vs. soluble.
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[68163] FIG. S outlines steps of high molecular weight tagmentation followed by
mutagenesis and suppression PCR to enrich for longer fragments.

[8164] Protocols were compared that included (1) soluble transposome {(T5M) (0.4
AU/, (2) BLT-LR made with A14/B15 (0.1 AU/ul build);, or (3) BLT-LR made with B13
only {0.075 AU/l build). Quality control and sequencing metrics were compared for each
protocol.

[8165] As shown in FIGs. 6A-6C, soluble TSM had a greater activity than BLT-
LR and soluble TSM created longer fragments than BLT-LRs. A14/B15 could not be melted
off of the beads due to 5" attachment of TDE1. In mutagenesis PCR, A14/815 BLT provided
a lower yield than B15 only (FIGs. 7A-7C). The yield with soluble (MTE} vield was also
lower and may have been accounted for because only 50% tag product was taken into PCR;
100% used for BLTs. Fragment sizes of BLT-LR were smaller than with soluble TSM.
Average sizes of products were 1-48 kb (FIG. 7B). There were larger fragment lengths with
soluble TSM (FlGs 78 and 7C).  In bottleneck (suppression) PCR, vields and fragment sizes
were more similar, while BLT-LRs still produced smallest products of ~8kb in length (FIG.
8A). Average sizes were 1-48 kb (F1Gs. 8B and 8C).

[6166] In a sequencing wetrics comparison, GC bias was comparable between
soluble and BLT-LR with A14/B15 BLT shghtly worse (FIG. 9) A higher NSO was achieved
with soluble TSM, slightly higher NSO with Bl5-only compared to A14/B15, shightly higher
N30 (350} with eBLT-L compared to BLT (FIGs. 10A and 10B). Sequencing redundancy,
SLR depth, and error rate achieved using with A14/B15 BLT or B15 only BLT were measured.
Fraction of bases with no coverage achieved using with A14/B15 BLT or B15 only BET 15
depicted in FIG. 11

[8167] BLT-LRs had better coverage than soluble transposomes {fraction of bases
with <0/10x coverage). BLT-LRs created shorter fragments, which generated lower N50s i
workflow. N50s were still above Skb mark so this decrease m performance was acceptable
when paired with better coverage metrics and a more robust tagmentation reaction. B15-only
TSM BLTs gave a better yield and lower redundancy than A14/8B15 BLTs. The change to B1S

BLT-LRs created a more efficient mutagenesis suppression PCR.
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Example 3—FEffects of BLT activitv on frasment size

[8168] BLT-LR activity was investigated for high molecular weight tagmentation.
BLT-LR activity should provide: tagment large fragments to provide for mutagenesis PCR;
maximize fragment size, ideally > Bkb; yield >4 ng post-high molecular weight (HMW}
tagmentation; reproducibility; ease in QC tested; and good sequence quality. A goal was to
maximize fragment size while maintaining good yield and downstream sequencing metrics.

[8169] BET-LRs having different levels of activity were compared.  As
transposome activity (AU/ul) decreased, vield decreased and average fragment size increased
(FIG. 12).

[8170] BLT-LRs were compared with builds/activities of 0.0025, 0.005, 0.025,
0.05, 0.1, 0.15 AU/ul N50s were compared. “NSO” was the length of the shortest contig for
which longer and equal length contigs cover at least SO % of the assembly. Lower build activity
maximized NSOs but sequencing metrics started to drop at 0.025 AUMAL (FIGs. 13 and 14).
There was no apparent cliff-edge on high activity side, but NS0s continued to decline, and at
0.075 AU, were well above chiff edge while maximizing NSO,

(8171} Results were compared from studies with three different operators testing
activities from 0.05 AU/l to 0.25 AU/l Consistent performance between operators was
found for BLT-LR activities from 0.05 AU/ul 10 0.25 AUMAI(FIG. 153 A BLT-LR activity of
0.075 AU/ul was chosen for BLT-LR which balanced fragment size and yvield. It was found

that a fluctuation of +/- 100% 1n activity would still provide good sequencing metrics.

Example 4-—Effecis of quantity of input DNA

[6172] Changing the amount of input DNA used m the mitial HMW tagmentation
reaction could impact any of the following: amount of DNA tagmented (test BLT-LR
saturation); fragment sizes after tnitial HMW tagmentation (and downstream}; bases in what
15 tagmented/amphified; sequencing metrics mcluding percent duplicates, redundancy, N50O,
GC bias. Effects of input BNA quantity were tested for a protoce! substantially similar to the
workflow of Example 1 for amounts: 1 ng, 3, ng, 5 ng, 10 ng, 20 ng, 30 ng, 50 ng, 100 ng, 300
ng, and 1000 ng. Yield and fragment size plateaued after 20-30 ng of nput DNA (FIG. 16).
Yields reached maximum around 20 ng of BNA input, fragment sizes were unaffected by

increased DNA mput (FIG. 17).
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(6173} Sequencing was performed for input DNAs of 1 ng, 10 ng, 20 ng and 1000
ng to determine cliff edges for metrics. A workflow with 1 ng mput DNA provided slightly
higher insert sizes and percent duplicated reads compared to workflows performed with higher
amounts of input DNA (FIG. 18). Minimal differences were observed in error rates, read
quality, redundancy, or NSOs (FIG. 19). Similar coverage across all DNA input amounis were
observed with all points within normal variation with a slight decrease in mode coverage as
fraction with <0/10x increased (FIG. 20). A very slight increase in GC bias between 60-80%
was observed in higher inputs, but well within normal varation (FIG. 21).

[6174] in sum, simtilar sequencing metrics were observed for mput DNA amounts
of 1 ng to 1000 ng. Inputs as low as 1 ng were found to work within the workflow. BLT-LR
saturated at about 30 ng input; input above 30 ng did not hias coverage. DNA input amounts
less than 10ng resulted in low yields in the workflow. There was a shight increase in percent

duplicated reads for 1 ng DNA input.

Example 5—FEffects of quality of input DNA

[8175] Effects of input DNA quality was tested for a protocol substantially sirolar
to the workflow of Example 1. Preliminary data indicated that vortexing and up to 3
freeze/thaw cycles for input DNA were tolerated; and FFPE DNA was not suitable, or was too
degraded, to be used as input DNA. Input DNA was prepared by shearing for 1, 3, 10, 30 and
60 seconds, and compared to control BLT-LR tagmented DNA and HMW DNA.

[8176] Input DNA was sheared for 1, 3, 10, 30 and 60 seconds. There was a
noticeable change m size distribution profile after even 1 second, while Control BLT-LR and
HMW DNA gave similar size profiles (FIG. 22). In the tagmentation step of the workflow, 1
second sheared DNA had similar fragment size and vield to control, and >1 second shearing
quackly reduced size and yield (FIG. 23). In the mutagenesis step of the workflow, mutagenesis
PCR yield sharply reduced at >1 second shearing (FIG. 24A). In the bottlenecking PCR step
of the workflow, yield also sharply reduced at >1 second shearing (FIG. 24B}. For sequencing
metrics, N50s declined and redundancy increased at > 3 seconds shearing (FIG. 25). Coverage
metrics declined > 3 seconds shearing (FIG. 26}, GC bias correlated with post-tagmentation

sizes (FIG. 27).
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(6177} in sum, HMW DNA gave better yields and larger fragment lengths coming
out of imtial Tagmentation but did not result in final higher N50. Highly sheared DNA (30s or
longer) did not amplify well in either PCR step which resulted in not enough DNA to continge
with library prep. N50s and coverage/redundancy metrics worsened with DNA sheared >3
seconds. GO bias was tmpacted by fragment sizes. PCR steps were not suitable for highly
degraded DNA, but tolerated mild shearing {(1-3 sec) reasonably well.

[6178] BET-LRs were investigated to create large fragment sizes suitable for the
workflow outlined in Example 1. B15-only transposomes improved mutagenesis PCR small
fragment suppression and overal yield The workflow gave improved coverage of low Map@Q
regions of the genome. The workflow was robust to changes i1 DNA input amount. The
workflow tolerated mildly sheared DNA, DNA that has been through freeze/thaw, and DNA

that had been vortexed.

Example ¢—FEnriching for lone frasments

[6179] A workflow was performed, as described o Example 1, with an added
entichment step. The workflow included: high molecular weight tagmentation;, mutagenesis
PCR; library normalization; bottlenecking (suppression) PCR; library preparation; fragment
analysis of products; and sequencing. FIG. 32 depicts an example workflow which includes
enrichment for long fragments. The additional enrichment step for long fragment enrichment
of certam fragments was performed on the products of the bottlenecking {suppression) PCR,
and prior to the library preparation step. The fragments that were products of the suppression
PCR, are referred to as ‘long fragments’ to differentiate them from fragments that are the
products of the library preparation step and referred to 10 Example 7 as “short fragments’,

[0180] An example overview and timeline for long fragment enrichment in the
workflow 13 depicted in FIG. 28 and FIG. 29, respectively. The enrichment step included
hybridizing the products with selection probes, capturing the products hybridized to the
selection probes with bead-linked capture probes, and amplifying the captured products. An
example protocol is described below in the following, However, it should be realized that
other protocols using similar enrichment for long fragments are contemplated.

Hybridization

Bring DNA libraries (HYB Plate), EHB2, and probes to RT.
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Vortex and briefly spin down EHBZ and probes before use.

NOTE: Vortex EHBZ thoroughly and allow enough time to bring up to RT.

Ensure that crystals are fully dissolved. Heat tube in hands if needed.

Preheat NHB2 to 50°C for 5 m and vortex for 30 sec, ensure solution is clear and free from
precipitate.

NOTE: Vortex NHB2 thoroughly and allow encugh time to thaw to RT and get up to 30°C
prior to use.

Ensure that crystals are fully dissolved. Use while warm to avoid precipitates from reforming,

Prepare Hyb Master Mix and add 17.5 vl to HYB plate wells. {or add components
ndividually in order: Library, NHBZ, Probes, EHB2)

Pipette mix. Seal HYB plate with Microseal 'B' .

Centrifuge HYB plate briefly at 280 x g for 30 sec.

Place plate on a thermal cycler and run the LCE HYB program overnight. (holds at $8°C)

Program name: LCE HYE | Rox velume: 28y | Lid: 180°C
Step Temp | Duration Cycles
Heat denature 98°C 5 min I
Ramp down 96°C -2°C/min 19

38°C
Hybridize 58°C 30 min 1

Capture

Bring SMB3, EEW, EB1, HP3, ET2, and RSB to RT.

Vortex and briefly spin down ET2, EE} and HP3 before use.

Yortex EEW and SMB3 thoroughly.

Leave the thermal cycler running at S8C.

Remove the HYB plate from the therroal cycler.

Centrifuge HYB plate at 280 x g for 30 sec.

Vortex SMB3 thoroughly for 1 min before use.

Add 75 ul. of SMB3 to each sample.
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Pipette mix 20x

Seal HYB wash plate with Microseal ‘B

Incubate plate on thermal cycler running at 38 °C for 15 min.

Centrifuge HYB wash plate briefly at 280 x g for 30 sec.

Place on a magnetic stand for 2 min.

While on the magnetic stand, use a pipettor set to 100 pL to carefully remove and discard the
supernatant.

Post-hybridization wash

Vortex BEEW thoroughly for T min before use.

Vortex and briefly spin down EE1 and HP3 before use.

Remove the HYB plate from the magnetic stand and add 100 pl. of
EEW to each sample.

Pipette mix to fully resuspend the beads.

PERFORM Seal HYB wash plate with Microseal 'B'

2X Incubate in a thermal cycler at 58 °C for 10 min.

Place HYB plate on a magnetic stand for 2 mm.

While on the magnetic stand, use a pipeitor to carefully remove and
discard the supernatant.

Use a P20 pipettor to remove any restdual supernatant from the final pellet.

Remove HYB plate from magnet.

Add 100 ul EEW to each well.

Pipetie mix to fully resuspend the beads.

Transfer 100 ul of resuspended bead solution to 3 new PCR plate.

Seal HYB wash plate with Microseal 'B'

Place on the thermal cycler at 58°C for S min.

Turn off thermal cycler at 58°C

Remove from thermalceyeler and place on maguoetic stand for 2 min or ungil the solution s
clear.

Prepare EET+HP3 Elution Mix.
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Set pipetie to 100 uL and discard all supernatant from each well.

Centrifuge at 280 x g for 30 sec then return to magnet for 10 sec.

Use a P20 pipettor to remove any residual supernatant.

Immediately proceed to Elution to prevent excessive drying of beads.

Elution

Vortex and briefly spin down ET2 before use.

Vortex EETHHP3 Elution Mix to mix well.

Remove the HYB plate from the magnetic stand and add 23 ul. of EET+HP3 Elution Mix,

Pipette nuix to fully resuspend the beads.

Incubate at RT for 2 min.

Centrifuge at 280 x g for 30 sec.

Place on a magnetic stand for 2 min,

Add 4 ul of ET2 10 a new 96-well PCR plate to wells corresponding to sample layout.

Label the plate, "ELU plate”.

the ELU plate.

Carefully transfer 21 pL of eluate from the HYB wash plate to corresponding wells of ET2 in

Set pipette to 20 gl and gently pipette mix each well 10 times.

Centrifuge at 280 x g for 30 sec.

Enriched ibrary PCR

Bring MM reagents to RT.

Prepare RED Master Mix. Mix and spin.

Briefly spin down ELU plate to collect condensation if
needed.

Pipette mix.

Seal ELU plate with Microseal ‘B’

Briefly spin down plate to collect droplets.

Place plate on a thermal cycler and run the SYD _ENPCR
program.

-57-



WO 2023/230552 PCT/US2023/067467

{# cveles depends on Probe Panel used)

{same PCR conditions as Botileneck PCR}

Enrichment PCR

Step | Temperature Time

i PCR cycles (depend on panel)

ag°C 10s
68°( 10 min
3 4°C Hold

PCR clean up

Bring IPB and RSB 1o RT for at least 30 min.

Prepare fresh 80 % EtOH wash solution as follows. Vortex to mix well,

Remove ELL plate from thermocycler. Briefly spin down PCR plate to collect droplets.

Vortex IPB to resuspend the beads.

Add 30 ul of IPB beads to each well.

Mix the total reaction volume by gently pipetting at least 10 times and incubate for 2 minutes at
room temperature.

Place on the magnetic stand and wait until the liquid s clear (~5 minutes)

Remove and discard all supernatant

Wash beads as follows: a. Keep on the magnetic stand and add 130 ul fresh 80% EtOH to each
well, b, Wait 30 seconds; and ¢. Remove and discard all supernatant

Repeat wash for a total of 2 washes.

Briefly spin for 10 seconds and return plate to magnet,

With a 20 pl pipette, remove all residual EtOH.

Dy on magnet for 2 minutes.

Remove from the magnetic stand and add 25 pl REB to each weil.

Pipette mux and incubate at room temperature for 2 minutes.

Place on the magnetic stand and wait until the hiquid is clear (~2Z minutes).

Transfer 24 pl supernatant to a new plate.

-58-



WO 2023/230552 PCT/US2023/067467

Keep on ice for same day use or store at -20% (SAFE STOPPING POINT).

Determine the concentration of each purified recovery product with the Qubit dsDNA HS Assay
Kit. Use 1-2 pl of sample DNA per measurement.

Proceed with 50ng to BLT prep (next tab)

Example 7—Enrichung for short fragments

[8181) A worktlow was performed as described in Example 1, and included an
enrichment step for short fragments. The workflow included: high molecular weight
tagmentation; mutagenesis PCR; library normalization, bottlenecking {(suppression) PCR;
library preparation; fragment analysis of products; and sequencing. The additional enrichment
step for short fragment enrichment of certain fragments was performed on the products of the
library preparation step. An example overview and timeline for short fragment enrichinent in
the workflow are depicted in FIG. 28 and FIG. 29, respectively. Of course, other workflows
for such short fragment eorichiment are aiso contemplated.

[8182] The enrichment step mchuded hybridizing the products with selection
probes, capturing the products hybridized to the selection probes with bead-linked capture
probes, and amplifying the captured products. The enrichment step was substantially the same

as that performed in Example 6.

Example 8—Selection of probes for under-represented genomic regions

[8183] This example relates to the generation and use of selection probes to enrich
for regions of the genome including those which are typically under-represented in whole
genome sequencing methods. Such regions of the genome may provide sequencing data that
are systematically impacted by lower quality — such as elevated error rates, low mapping
quality or depth anomalies — may fail to deliver consistenily accurate variant calls even for
SNVs and indels. Many of the reference characteristics that cause these systematic errors are
well known, such as, highly repetitive regions have poor mapping quality and homopolymers
are known to result in low base accuracy. This knowledge has been used to classify the genome
into ‘easy’ and ‘difficult’ regions (Krusche P, er /. Nat Biotechnol. 2019;37:555-560}. Though
these classifications can be helpful, they are not a perfect representation of the actual

performance within these regions. For example, a large segmental duplication may be
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comprised of regions of high and low similarity, leading to very different variant calling
accuracy.

[8184] Selection probes for use to enrich for targets in long fragments were
identified by methods which included: selecting target regions of the genome; designing a
probe set within the target regions; and identifying suitable probes within the probe set to
generate a panel of selection probes. Briefly, for a panel that was focused on under-represented
regions of the genome, target regions included those with low mappability (non-unique}
portions of protein-coding regions, including mtrons and untranslated regions (UTRs). Such
regions included those having a low mapping quality score(MAPQ) score, less than 50, in the
HG38 reference sequence of the human genome; and those represented in the RefSeq database
which includes non-redundant, well-annotated set of sequences, including genomic DNA and
transcripts. MAPQ scores quantify the probability that a sequencing read is misplaced in a
reference sequence (Li H, eral. (2008) Genome Research 18:1851-8). More regions of interest
included certain groups of genes and regions of the genome. Examples included: (1) protein
coding regions with low mappability, e g., low mappability RefSeq sequences; (i) CMRG
genes, e.g., Wagner I, eral, (2022) Nat Biotechnol. 44: 672-680; (i) deCODE Icelandic dark
matter regions; {iv) regions with short tandem repeats (STR), e g, Stevanovski 1, ef af, Sai
Adv, 2022 Mar; 8(9): eabm5386; (v} MHC locus; (vi) ACMG geuves; (vit) regions reporied in
Wenger A M., eral, (2019} Nat Biotechnol. 37:1155-1162; and {(viu) PGX genes.

[0185] Probe sets were designed to hybridize within such target regions using
software tools including DESIGNSTUDIO (THumina, Inc., San Diego). Probes were designed
1o hybridize to target regions having about 1 kb +/- 0.2 kb between corresponding sequences
in the linear reference sequence. A 400 bp window centered around the 1 kb target spacing
was searched. Within the 400 bp window, probes were identified using several parameters
inciuding GC bias (e.g. <25% to <75%;) and uniqueness or hits m the genome. Suitable probes
were predicted to hybridize or to it less than 20 other regions of the reference genome. A hit
was at least 80 consecutive bps of the 120 bp probes match > 90%. 198,451 probes were
identified. As depicted in FIG. 30, selection probes were identified having increased specificity
for a target fragment.

[8186] In an example selection process for a fixed panel, probes were selected

using the following steps: {1} Target regions were selected based on several inputs, including
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focusing on low mappability {non-unique} portions of protein-coding regions (including
mntrons and UTRs), and certain identified groups of genes and genomuc regions including:
ACMG genes, CMRG genes, PGX genes, MHC locus, deCODE Icelandic dark matter regions.
{2} Probes were designed to capture the above regions, aiming for about 1000 bp spacing
between probes with the following sub-steps (ZA)-(2D}. (2A) To select better probes, 500 bp
spacing was initially used. This provided two opportunities to find good probes for each
region, which was useful to maximize the power of the data 1 a limited time. (2B) To achieve
1000 bp spacing, the algornthm jumped from one probe to the next in 1000 bp increments, but
allowed a window of +/- 200 bp to find the ‘best’ probe. (2C) There were multiple parameters
within that window to find the “best’ probe. Mostly these were typical parameters such as GC
content. However, a primary parameter for the panel was number of hits in the genome
{mimimize this number), and requirements on this parameter were relaxed to permit selection
of probes in all regions. (2D) Probes were manufactured as double stranded DNA 80-mers or
120-mers. (3} At least 2 probes were selected per region, even for ‘small’ regions {e.g. 1000
bp, where 1 probe may target based on the above). (4) After probe selection was complete,
additional rounds of selection were performued, based on the following sub-steps (4A)-(413).
{4A) Discarding region types that did not belong in the panel, for example, regions that were
not low mappability portions of protein-coding regions. (4B) Discarding regions that were
wdentified as “fatled to cover” using the following sub-steps. (4B)(1). Regions that “failed to
cover” included those that netther of the two panel designs covered at least half of the region
Sx. This was calculated from the median of many samples, each with mean coverage in the
30x range. {4B)ii} There were two designs for this panel which provided a choice of which
probes to keep. ‘Panel A” was kept as a default, because it had more replicates and typically
saw better coverage overall, and shghtly more probes were in this panel. ‘Panel B’ was kept if
panel B gave at least 20% better coverage (calculated by fraction of bases covered >10x). (4C)
To be even more rigorous about probes that it multiple times in the genome, all probes were
discarded that hit at least 20 times elsewhere in the genome A hit included at least 50
consecuirve bps of the 120 bp probes match > 90%. This resulted in some gaps larger than
desired. [f there was a gap > 1.5kb or a region with a single probe, the other panel was examined
probes from the other panel were added to cover those gaps. (4D) Any corrections that were

needed were then made to align probes with coordinates of genomic sequences.
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[6187] Additional “spike in” probes were identified in target regions using the
following steps. Gaps between probes were identified in the remaining target regions that were
larger than 1.5kb, and target regions were identified that had gaps of larger than 1.5 kb between
the first or fast remaining probe and the target region stast or stop location on the chromosome.
For each identified 1.5 kb gap, unselected probes which targeted the region from panel A or
panel B were identified and selected to fill the gap, making sure that such selected probes did
not bind excessively {more than 20 times) in other parts of the genome. Separately, target
regions were identified that were left with a single probe afier going through the previous
selection criteria. Targets could be left with a single probe because all the other probes assigned
to that target region were hable to bind to >20 other places i the genome and had been
removed, or because many target regions only had one probe from each uber panel A and uber
panel B and only one of the panel batches to use for those targets had been picked. For these
single-probe targets, unpicked probes were added that hit that same target from the non-picked
panel, provided that those probes were also not labeled to bind excessively in other parts of the
genome and that those probes had also met the same coverage critenia in the previous steps.
Trutial probe panels including ‘Uber A” and ‘Uber B” were generated. Probes within these
panels were excluded with criteria that included having at least 20 hits in the genome, to
generate a “final’ panel. TABLE 2A summarizes steps used to generate ditferent batches of
selections probes using steps described above.

TABLE 2A

Step included | Bateh

;if:f;;‘?ion Final Spike-in gzi; g and First ovder 2::;2:‘“&
{1} Yes Yes Yes Yes Yes
{ZA) Yes Yes Yes Yes Yes
(2B) Yes Yes Yes Yes Yes
{2C) Yes Yes Yes Yes Yes
(2D Yes Yes Yes Yes Yes

{3} Yes Yes Yes Yes Yes
{4A) Yes Yes No No Nog
(4B} Yes Yes No No No
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Step included | Balch
in batch . e Uber A and | .. Second
generation Final Spike-in Uber B First order order
{48)(i) Yes Yes No No Ng
{4C) Yes No No No No
(4D Yes Yes No No No
[0188] TABLE 2B hists certain probes generated by the foregoing methods.
TABLE 2B
Characteristic
Batch . Approx spacing No of probes | SEQ 1D NQs.
Size (bases) . :
: ’ in genome (kb)
Final 120 1 kb 39953 (2-39954
Uber A 120 1 kb 81325 39955-121279
Spike-in 120 1 kb 1491 121280-122770
[8189] A series of selection probe panels were developed using methods

substantially similar to the foregoing methods. Panels included: (1a) uber A; (1b) uber B; (2)
intermediate/dev; and (3) final. Panels (1)-(3) were progressive iterations of a selection probe
panel. The panels were used to prepare libraries with a8 method with long fragments with
enrichment, and substantially sumilar to the WGS with enrichment worktlow depicted in FIG.
32, A control included a lLibrary prepared with a method with long fragments, without
enrichment, substantially similar to the WGS workflow depicted n FIG 32, TABLE 2C lists
certain metrics for data obtained using each method/panel which show that in methods that

mciuded enrichment, compared to methods without enrvichment, median coverage levels and

NSO values were much greater despite a smaller number of paired end reads.

-53-




WO 2023/230552 PCT/US2023/067467

TABLE 2C
Without

With enrichment enrich-
Metric ment

Panel Panel Panel Panel Panel None

Gy low oy @ @ |
Level of imput reads Low High High Low Low High
{# paired end reads) 1 0EA0S | ~SE+09 | ~3E+0G | 6.0E+08 | 5 9E+08 | S.4E+09
target region size {(Mbp} |76 76 40 40 N/A
median coverage 322 722 67.5 344 41.9 273
percentbases with no g oo loger 370 123% | 24% | 20%
coverage
percent bases with less |5 1o, 153% |123% | 11.5%
than 10x coverage
N50 (bp) 6089 4198 4192 o677 7116 7054
percent reads on target | 72% 85% 85% N/A
f-measure non-SNP ¢ e .
;mm‘me non-SNPEPe g 730 lo7sa lo73z 0841 0841|0881
femeasure SNP type 2 {885 0.902 {.882 0.905 0.9 0.947
precision non-SNEtYPe 1o 64y log7s 0847 | 0848|0869 | 0.889
precision SN type 2 0.923 0.92 0.892 .952 0.947 (.96
f;gz‘i‘“w non-SNP g gse |0709 0644 0834|0814 | 0874
sensitivity SNP type 2 0.84%9 0.824 0.872 0.863 0.879 0.934

[6194] The data in TABLE 2C show that 10 methods that imncluded enrchment,
compared to methods without enrichment, median coverage levels and N30 values were much

greater despite a smaller number of nput paired end reads.

Example 9—Major Histocompaiibility Complex region {MEC) panel

[8191] The MHC region is a large locus located oun the short arm of human

chromosome & (6p21.1-6p21.3}, and contains highly polvmorphic genes that code for cell
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surface protemns essential for the adaptive immune system. The region is challenging to obtain
sequence information due to presence of high level of repetitive sequences, sequence
homgslogy, pseudogenes, and a wide variety of alleles in the population. Precise genotyping
and phasing of the MHC region is challenging but highly clinically desirable for applications
like organ transplantation and drug discovery.

[0192] Panels of selection probes were prepared which targeted approximately 5
Mbp of the MHC region. A first panel of selection probes was designed such that probes were
spaced about 230 bp from one another on the HG38 reference sequence of the MHC region.
Probe sequences were designed to hvbridize within the target region using software tools,
DESIGNSTUDIO (Iilumina, Inc., San Diego). Potential probe sequences were evaluated by
several criteria including number of hits within the genome, and percentage GC content.
Probes having more than about 20 hits within the genome were discarded. A second panel of
selection probes was prepared such that probes would be spaced about 1kb from one another
on a reference sequence of the MHC. The second panel was prepared by removing probes
from the first panel. Probes icluded 80-mers and 120-mers. A batch of chnical probes was
designed by a method including: targeting a 1kb window n a reference sequence; identifying
potential probes within the kb using software tools, DESIGNSTUDIO (HHuomina, Inc., San
Diego); selecting a probe within the 1kb based on criteria including less than 20 hits within the
reference genome, and GC content. A hit included probes having at least 90% sequence
identity along the full fength of the probe with a target complement in the reference sequence.
TABLE 3A lists probes generated by the foregoing methods.

TABLE 3A

Oligo characteristic
Batch Size (bases) ?;p éi:;?ni f:a cing No of probes
Clinical 120 1 kb 4966
Final design 120 1kb 5153
Final design 30 L kb 5185
Inputd 120 designs | 120 230 bp 21608
Inputd 120 designs | 80 230 by 21608
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[6193] The panels were used to prepare libraries with a method with long fragments
and enrichment, and substantially similar to the WGS with enrichment workflow depicied in
FIG. 32, Use of the MHC probe panel generated highly specific and efficient enrichment over
the target region, with 98.3% long-reads on-target. FIG. 34 depicts an example of coverage

for the targeted region. TABLE 3B lists certain sequencing metrics.

TABLE 3B

Parameter MHC panel
Read N30 5932

Error Rate 0.71%
Mean Coverage 43.05

%60 Coverage 1.06%
%Low Coverage (1-3X} | 0.64%

%0On Target Reads 098.3%

[6194] Use of the MHC selection probe panel resolved haplotype in polymorphic
genes. Phasing worked well with use of the MHC probe panel in methods with long fragments
and enrichment {e.g. WGS with enrichment workflow depicted wn FIG 32), and was
comparabie to such methods without enrichment (e.g. WGS without workflow depicted in FIG.
323 TABLE 3C hists certain sequencing metrics, As depieted 1 FIG. 35, a 722 kb region n
the MHC locus was analyzed, and a 580 kb region was encapsulated in one phase block. As
depicted in FIG. 36, a 426 kb region in the MHC locus that covered HLA-A, HLA-G, HLA-F,

was fully phased.

TABLE 3C
Parvameter MHC panel
% Biallelic Het SNVs Phased | 95.838%
Block N50 274,215
Switch Error Rate 0.14%
[0195] Use of the MHC selection probe panel achieved accurate variant calling in

the MHC region. FIG. 37A depicts a graph for SNV precision vs SNV recall for sequence

nformation obtained from nucleic acid libraries prepared by {1} on market long read kits; (2}
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short read (SR} PCR-free sequencing methods, such as those including simple tagmentation of
eDNA; (3) method with long fragments and enrichment, such as the WGS with enrichment
workflow depicted in FIG. 32 (ICLR-MHC enrichment); and (4} method with long fragments
without enrichment, such as the WGS workflow depicted in FIG. 32 (JCLR-WGK). Use of the
MHC panel with long fragment with enrichment methods achieved levels of SNV precision
ereater than methods without enrichment.

[0196] FIG. 378 depicts a graph for INDEL precision vs INDEL recall for
sequence information obtained from nucleic acid libraries prepared by (1} on market long read
kits; (2) PCR-free methods; (3) method with long fragments and enrichment, such as the WGS
with enrichment workflow depicted in FIG. 32 (ICLR-MHC enrichment); and {4} method with
long fragments without enrichment, such as the WGS workflow depicted in FIG. 32 (ICLR-
WGS). Use of the MHC panel with long fragment with enrichment methods achieved levels

of indel precision greater than methods without enrichment.

Example 10—American Collese of Medical Genetics {ACMG) panel

[8197] A selection probe panel was generated from a hist of genes compiled by
ACMG for which specific mutations are known to be causative of disorders that are clinically
actionable. The panel was designed to precisely call varants and phase mn these genes. The
panel mcluded 78 unique genes in ACMG SF v3.1, and targeted full genes. The panel size
was about 6.8 Mbp., The ACMG genes included those listed in TABLE 1A

[0198] Panels of selection probes were prepared which targeted the ACMG genes.
A first panel of selection probes was designed sach that probes were spaced about 230 bp from
one another on the HG38 reference sequence of the ACMG genes. Probe sequences were
designed to hybrnidize within the target region using software t{ools, DESIGNSTUDIO
(Hlumina, Inc., San Diego). Potential probe sequences were evaluated by several critenia
meluding number of hits within the genome, and percentage GC content. Probes having more
than about 20 hits within the genome were discarded. A second panel of selection probes was
prepared such that probes would be spaced about 1kb from one another on a reference sequence
of the ACMG genes. The second panel was prepared by removing probes from the first panel.
Probes included &0-mers and 120-mers. A batch of climcal probes was designed by a method

mcluding: targeting a 1kb window in a reference sequence; identifying potential probes within
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the 1kb using software tools, DESIGNSTUDIO (Hlluming, Inc., San Diego); selecting a probe
within the 1kb based on criteria including less than 20 hits within the reference genome, and
G content. A hit included probes having at least 90% sequence identity along the full length
of the probe with a target complement in the reference sequence. TABLE 4A lists probes
generated by the foregoing methods.

TABLE 4A

Characteristic

Bateh Approx No of
Size (bases) | spacing in probes
genome
Clinical 1kb 120 1kb 6935
Egﬂnaer_ikb_()ptnmzed» 120 1 kb 7513
Final
me . imized-

8{ mer 1kb Optimized 30 1 kb 7520
Final

Cliical 230bp 120 230 bp 299534
ACMG 120mer designs | 120 230 bp 29934
ACMG 80mer designs | 80 23C bp 29954

(0199 Use of the ACMG selection probe panel was highly effective and achieved
comparable coverage performance with long read whole genome sequencing methods without

the use of the panel (FIG. 38). TABLE 4B hists certain sequencing metrics.

TABLE 48

Parameter ACMEG panel
Read NS5O 7497

Error Rate 0.26%

Mean Coverage 5947

%0 Coverage (.04%

%Low Coverage (1-3X} | 0.22%

%0n Target Reads 87.4%

-5H8-



WO 2023/230552 PCT/US2023/067467

[6200] 99.5% of heterozygous SNVs were phased using the ACMG panel. For
example, as depicted m FIG. 39, TNNT2, a 22 kb gene was fully phased in one phase block.
TABLE 4C lists certain sequencing metrics. Phasing metrics were in target genes only, hence

a shorter block N5O.

TABLE 4C
Parameter ACMG panel
%% Biallelic Het SNVs Phased | 99.5%
Block N50 85841
Switch Ervor Rate 0.17%

[68201] 9% of heterozvgous SNVs were phased using the ACMG pavel. Tor
example, as depicted 1 FIG. 40A for APOB and m FIG 408 for TMEMI127, genes were fully
phased in one phase block.

(0262} Use of the ACMG panel covered and phased highly repetitive MSHS6
(70.76% contamns repeat elements), and enrichment achieved comparable coverage and
phasing compared to long read whole genome sequencing methods without the use of the panel
(FIG. 41). 27 kb was fully encapsulated in one phase block. Use of the ACMG panel covered
and phased highly repetitive NF2 (45% contains repeat elements), and enrichment achieved
comparable coverage and phasing compared to fong read whole genome sequencing methods
without the use of the panel. 99 kb was fully encapsulated in one phase block.

{0203] Use of the ACMG selection probe panel achieved highly accurate variant
calling inthe ACMG. FI(G 42A depicts a graph for SNV precision vs SNV recall for sequence
mformation obtained from nucleic acid libraries prepared by (1} on market long read kits; (2}
PCR-free methods; (3} method with long fragments and enrichment, such as the WGS with
enrichment workflow depicted in FIG. 32 (ICLR-ACMG enrichment}; and (4) method with
long fragments without enrichment, such as the WGS workflow depicted in FIG. 32 (ICLR-
WGS). Use of the ACMG panel with long fragment with enrichment methods achieved levels
of SNV precision greater than methods without enrichment. FIG. 428 depicts a graph for
INDEL precision vs INDEL recall for sequence information obtained from nucleic acid
libraries prepared by (1) on market long read kits; (2) PCR-free methods; (3) method with long

fragments and enrichment, such as the WGS with enrichment workflow depicted in FIG. 32
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(ICLR- ACMG enrichment); and (4) method with long fragmenis without enrichment, such as
the WGS workflow depicted in FIG. 32 JCLR-WGS). Use of the ACMG panel with long
fragment with enrichment methods achieved levels of indel precision and indel recall greater

than methods without enrichment.

Example 11-—Pharmacogenetic (PGX) panel

[0204] A selection probe panel was generated for genes commonly targeted by
pharmacogenetic testing assays. Genetic variation is known to mfluence the way individual
respond to therapeutics. Accurately detecting functional haplotypes (“star alleles™) in clinically
actionable pharmacogenetic genes is crucial to implementation of personalized medicine. The
panel was generated to achieve hughly accurate genotyping and star allele calling 1n such genes.
The panel included 98 genes that are important in pharmacogenetics, targeting full genes. The
panel size was about 8.1 Mbp. The genes included those listed in TABLE 1B.

[8205) Panels of selection probes were prepared which targeted the PGX genes. A
first panel of selection probes was designed such that probes were spaced about 230 bp from
one another on the HG38 reference sequence of the PGX genes. Probe sequences were
designed to hybndize within the target region using software tools, DESIGNSTUDIO
(Ilununa, Toc., San Diego). Potential probe sequences were evaluated by several criteria
mcluding number of hits within the genome, and percentage GC content. Probes having more
than about 20 hits within the genome were discarded. A second panel of selection probes was
prepared such that probes would be spaced about 1kb from one another on a reference sequence
of the PGX genes. The second panel was prepared by removing probes from the first panel.
Probes nclhuded 86-mers and 120-mers. A batch of clinical probes was designed by a method
meluding: targeting a Tkb window in a reference sequence; identifying potential probes within
the Tkb using software tools, DESIGNSTUDIO (Hlumina, Inc., San Diego); selecting a probe
within the 1kb based on criteria mcluding less than 20 hits within the reference genome, and
GC content. A hit included probes having at least 90% sequence identity along the full length
of the probe with a target complement in the reference sequence. TABLE SA lists probes

generated by the foregoing methods.
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TABLE 5A
Characteristic
Batch . Approx spacing Mo Zf
Size (bases) in genome probes
Chinical 1kb 120 1 kb 8153
PGX 80mer 1kb 30 1 kb 8693
PGX_&lmer 230bp 30 23G bp 35205
PGX 80mer 230bp vl | 80 230 bp 33089

[06206] TABLE 3B lists certain sequencing metrics for methods with long
fragments and enrichment with the PGX panel, and shows highly effective target region
coverage.

TABLE 5B

Parameter PG pangd
Read N50 7279

Mean Coverage 5717

%0 Coverage 0.12%

Yolow Coverage (1-3X} | (.32%

%On Target Reads 88 3%

{62671 Star Alleles are a nomenclature system used to describe allelic variation. In

the case of PGX genes, star alleles describe haplotype patierns associated with protemn-level
mteractions, with *1 usually referring to the wild-type or “fully-functional” haplotype. TABLE
SC lists star alleles called by methods which include long fragments, and enrichment (ICLR
PGX enrichment) which were 100% concordant with on market long read methods.

TABLE sC
ICLR PGx Envichment

Gene On-market Long Reads

CYP2CI91.002,%1.002

*1.002, *1.002

CYP2CE #1.001,%1.004 *1.001, *1.0604
CYP2CO #1.001,%1.001 *1.001, *1.001
CYP2EL ¥1.002,%7.002

CYP2J2 *1.001.%1.001 *1.001, *1.001
CYP3A4 ¥1.002,%1.002 *1.002, *1.002
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Gene ICLR PGx Enrichment On-market Long Reads
CYP3AS 3.001,*3.001 *3.001, *3.001
CYP3A7 *1.001,*1.001 *1.001, *1.001
CYP4F2 1*1.001, *4.1001 or *2.001, *3.001 ¥1.001, *4 1001 or *2.001, *3.001
NUDTIS #1.001 %1.001 *1.001, *1.001
SLCOIB1*1.002.%1.002 *1.002, *1.002
TPMT  *1.001,*1.001 *1.001, *1.0601
UGTIAL [¥1 %1 £, %]
[8208] Use of the PGX selection probe panel achieved highly accurate variant

calling in the PGX genes. FI(G 43A depicts a graph for SNV precision vs SNV recall for
sequence information obtamned from nucleic acid hibraries prepared by (1) on market long read
kits; (2) PCR-free methods; (3) method with long fragments and enrichment, such as the WGS
with enrichment workflow depicted in FIG. 32 (ICLR-PGX enrichment); and (4) method with
long fragments without envichment, such as the WGS workflow depicted in FIG. 32 (ICLR-
WGR). Use of the PGX panel with long fragment with enrichment methods achieved levels of
SNV precision and mdel recall greater than methods without enrichment. FIG. 43B depicts a
graph for INDEL precision vs INDEL recall for sequence information obtained from nucleic
acid fibraries prepared by (1) on market long read kits; (2) PCR-free methods; {(3) method with
long fragments and enrichment, such as the WGS with envichment workflow depicied n FIG.
32 (ICLR-PGX enrichment); and (4} method with long fragments without enrichment, such as
the WGS workflow depicted n FIG. 32 (JCLR-WGS). Use of the PGX panel with long
fragment with enrichment methods achieved levels of 1ndel precision and indel recall greater

than methods without enrichment.

Example 12-—Challenging medically relevant genes {CMRBG) panel

[6209] A selection probe panel was generated for genes that are medically relevant
autosomal genes that are excluded from the (naB v4.2.1 variant benchmark due {0 repeats or
polymorphic complexities (Wagner I, ef af |, (20223 Nat Biotechnol. 40: 672-680). These
genes have <90% bases meluded in the benchmark and pose a challenge for thewr accurate
analysis in a clinical setting. The selection probe panel was generated to rescue coverage gap

in these genes. The panel targeted 389 genes, with a panel size of 22.5 Mbp. The average
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overlap with repeat: 36.6%, and the average overlap with segdup was 19.7%. The genes
mclude those listed in TABLE 1.

[0210] Panels of selection probes were prepared which targeted the CMRG genes.
A first panel of selection probes was designed such that probes were spaced about 230 bp from
one another on the HG38 reference sequence of the CMR{G genes. Probe sequences were
designed to hybridize within the target region using software tools, DESIGNSTUDIO
(Iflumina, Inc., San Diego). Potential probe sequences were evaluated by several criteria
including number of hits within the genome, and percentage GC content. Probes having more
than about 20 hits within the genome were discarded. A second panel of selection probes was
prepared such that probes would be spaced about 1kb from one another on a reference sequence
of the CMRG genes. The second panel was prepared by removing probes from the first panel.
Probes included 80-mers and 120-mers. A baich of clinical probes was designed by a method
including: targeting a 1kb window in a reference sequence; identifying potential probes within
the 1kb using software tools, DESIGNSTUDIO (Hllumina, Inc., San Diego); selecting a probe
within the 1kb based on criteria including less than 20 hits within the reference genome, and
GC content. A hut included probes having at least 90% sequence dentity along the full length
of the probe with a target complement in the reference sequence. TABLE 6A lists probes

generated by the foregomng methods.

TABLE 6A
Characteristic No of
Neo
e Sire (bases) | APPIOY SPACZ | probes
Clinical 120 1 kb 22545
CMG _80mer_1kb 80 1 kb 21333
CMG_80mer_230bp 80 230 bp 96721

(0211} Methods usimg long fragments with enrichment with either the first
selection panel {230 bp spacing), or the second selection panel were compared. As depicted
o FIG. 44A, use of the second selection probe panel (SYD-C2-CMRG-1kh} compared to use
of the first selection probe panel (SYD-C2-CMRG-230bp), resulted in increased identification

1o sequence data for (1) total mutations in bases in region; (1) percentage DUP mutant reads;
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and {111) percentage on target unique mapped reads. FIG. 44B compares normalized coverage
between use of the first selection probe panel (SYD-C2-CMRG-230bp} and the second
selection probe panel (8YD-C2-CMRG-1kb).

[0212] Coverage of certain genes, including CFCI, HBGL, ORS1AZ, RGPD3, and
CYP4F3 was compared using methods with long fragment and enrichment (ICLR with
enrichment), methods with fong fragments without enrichment ({CLR WGS), and PCR free
short reads (SR}, FIG. 44C depicts an example with respect to HBG1 and shows that
enrichment with the CMRG panel rescued a SR coverage dip in the gene. With regard to other
genes, for CFC1, enrichment with the CMRG panel increased coverage in the gene. For HBGH,
enrichment with the CMRG panel rescued a SR coverage dip in the gene. For ORS1A2,
enrichment with the CMRG panel rescued a SR coverage gap in the gene. For the RGPD3
gene, enrichment with the CMRG panel rescued an SR coverage dip in the gene. For the
CYP4F3 gene, enrichment with the CMRG panel resolved 8Vs missed by SR in the gene.

[8213] TABLE 6B lists certain metrics which shows that methods with long

fragments and enrichment with the CMRG panel achieved highly effective target region

coverage,
TABLE 6B
Parameter CMRG panel
Read N30 6432
Mean Coverage 47.68
%0 Coverage 2.74%
YaLow Coverage (1-3X) | 0.92%
%%{On Target Reads 80.5%

[8214] Use of the CMRG selection probe panel achieved highly accurate vanant
calling i the CMRG genes. FIG. 45A depicts a graph for SNV precision vs SNV recall for
sequence information obtained from nucleic acid libravies prepared by (1) on market long read
kuts; {2) PCR-free methods; (3) method with loog fragments and entichiuent, such as the WGS
with enrichment workflow depicted n FIG. 32 (ICLR-CMRG enrichment); and {(4) method
with long fragments without enrichment, such as the WGS workflow depicted in FIG. 32

(ICLR-WGS). FIG. 45B depicts a graph for INDEL precision vs INDEL recall for sequence
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nformation obtained from nucleic acid libraries prepared by (1) on market long read kats; (2)
PCR-free methods; (3) method with long fragments and enrichment, such as the WGS with
enrichment workflow depicted in FIG. 32 (ICLR-CMRG ennichment}; and (4) method with
long fragments without enrichment, such as the WGS workflow depicted in FIG. 32 (JCLR-
WGS).

[0215] The term “comprising” as used herein 18 synonymous with “including,”

>

“containing,” or “characterized by,” and is inclusive or open-ended and does not exclude
additional, unrecited elemenis or method steps.

(8216} The above description discloses several methods and materials of the
present invention, This invention is susceptible to modifications in the methods and materials,
as well as alterations in the fabrication methods and equipment. Such modifications will
become apparent to those skilled in the art from a consideration of this disclosure or practice
of the invention disclosed herein. Consequently, it is not intended that this invention be limited
to the specific embodiments disclosed herein, but that it cover all modifications and
alternatives coming within the true scope and spirit of the invention.

[8217] All references cited herein, including but not hinuted to published and
unpublished applications, patents, and literature references, are incorporated herein by
reference 1o their entirety and are hereby made a part of this specification. To the extent
publications and patents or patent applications ncorporated by reference contradict the
disclosure contained n the specification, the specification 1s intended to supersede and/or take

precedence over any such contradictory material.
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WHATIS CEAIMED IS:

i A method for preparing a nucleic acid library, comprising:

{a} obtaiming a plurality of transposomes comprising transposon adaptors,
wherein the plurality of transposomes is immobilized on a solid support;

{b} contacting a plurality of nucleic acid fragments with the plurality of
transposomes to obtain a plurality of polynucleotides;

{c} amplidfying the plurality of polynucleotides to obtain amplified
polynucleotides; and

{d} adding library adapters to each end of the amplified polynucleotides, thereby

cbtaining the nucleic acid library.

2. The method of claim 1, wherein the solid support comprises a bead.
3. The method of claim 2, wherein the plurality of the transposomes is

mmmobilized on the bead at a density such that an average length of the plurality of
polynucieotides ts greater than about | kbp, 2 kbp, S kbp, 10 kbp, 15 kbp, 20 kbp, or 40kbp;
and/or wherein the average length of the pluraluy of polynucleotides 15 1 a range from about
1 kbp to about 40 kbp, 1 kbp to about 30 kbp, 1 kbp to about 20 kbp, S kbp to about 20 kbp, 5
kbp to about 15 kbp, or 7 kbp to about 12 kbp.

4, The method of clairn 2 or 3, wherein the number of transposomes mmunobilized
on the bead 13 no more than about 100 transposomes, 50 transposomes, 40 transposomes, 30
transposomes, 20 transposomes, or 10 transposomes.

5. The method of claim 4, wherein the number of transposomes immobilized on
the bead 15 no more than about 30 transposomes.

6. The method of any one of claims 2-5, wherein the plurality of the transposomes
mmobilized on the bead comprise a total activity such that an average length of the plurality
of polynucleotides greater than about 1 kbp, 2 kbp, 5 kbp, 10 kbp, 15 kbp, 20 kbp, or 40 kbp;
and/or wherein the average length of the plurality of polynuclestides is in a range from about
1 kbp to about 40 kbp, T kbp to about 30 kbp, 1 kbp to about 20 kbp, 5 kbp to about 20 kbp, 5
kbp to about 15 kbp, or 7 kbp to about 12 kbp.
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7. The method of any one of claims 2-6, wherein the plurality of the transposomes
immobilized on the bead comprise an activity in a range from about 0.05 AU/l to about 0.2
0.05 Atl/ul

8. The method of any one of claims 2-7, wherein the plurality of the transposomes
immobiiized on the bead comprise an activity of about 0.075 AU/l

9. The method of any one of claims 1-8, wherein the transposon adapters comprise
the same sequence.

10, The method of any one of claims 1-9, wherein the transposomes of the plurality
of transposomes are the same.

11, The method of any one of clauns 1-10, wherein the transposomes of the
plurality of transposomes are B15 transposomes.

12. The method of any one of claims 1-11, wherein the transposon adapters
comprise the nucleotide sequence: SEQ ID NG:01 (GTCTCGTGGGCTCGG).

13, The method of any one of claims 1-12, wherein the step {c) comprises a
mutagenesis PCR, such that mutations are introduced mto amplified polynucleotides.

T4 The method of claim 13, wherein the mutagenesis PCR comprises amplifying
the plurality of polynucleotides with a low bias DNA polymerase, and/or with a nucleotide
analogue,

s, The method of claim 14, wherem the nucleotide analogue comprises dPTP,
and/or 8-0x0-dGTP.

16. The method of c¢laim 14 or 13, wherein the low bias DNA polymerase 13 a
Thermococeal polymerase, or a functional derivative thereof.

17.  The method of claim 16, wherein the Thermococcal polymerase is derived from
a Thermococcal strain selected from the group consisting of 7° kodakarensis, T. siculi, T celey
and T. sp KS-1.

I8 The method of any one of claims 13-17, wherem the mutagenesis PCR
comprises no more than 12 cycles, 10 cycles, 9 cycles, & cycles, 7 cycles, 6 cycles, 5 cycles, 4
cycles, 3 cycles, or 2 cveles.

19 The method of any one of claims 13-18, wherein the mutagenesis PCR

comprises no more than 6 cycles.
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20. The method of any one of claims 1-19, wherein a first end of a polynuclectide
of the plurality of polynucleotides is capable of annealing to a second end of the polynuclectide
of the plurality of polynucleotides; and/or, wherein a first end of an amplified polynuclectide
is capable of annealing to a second end of the amplified polynuclectide.

21. The method of any one of claims 1-20, wherein step {¢) further comprises a
suppression PCR.

22. The method of ¢laim 21, wherein the suppression PCR comprises use of a single
amplification primer.

23. The method of any one of claims 1-22, wherein the amplified polynucleotides
have an average length greater than about 1 kbp, 2 kbp, 3 kbp, 4 kbp, 5 kbp, 10 kbp, 15 kbp,
or 20 kbp.

24, The method of any one of claims 21-23, wherein the suppression PCR
comprises no more than 16 cycles, 14 cycles, 10 cycles, 9 cycles, 8 cycles, 7 cycles, 6 cycles,
S cycles, 4 cycles, 3 cycles, or 2 cyeles.

25. The method of any one of claims 21-24, wherein the suppression PCR
comprises no more than 6 cyeles.

26. The method of any one of claims 13-25, further comprising enriching for target
nueleic acids 1o the amplified polvoucleotides.

27 The method of any one of claims 13-25, further comprising enrichung for target
nucleic acids 1n the plurality of polynucleotides.

28, The method of claim 27, wherein the enriching for target nucleic acids in the
amplified polynucleotides s performed after performing the mutagenesis PCR, and before
performing the suppression PCR.

29, The method of claim 27, wherein the enriching for target nucleic acids in the
amplified polynucieotides 13 performed after performing the suppression PCR.

30. The method of any one of claims 26-29, further comprising amplifying the
target nucleic acids.

31, The method of any one of claims 1-30, wherein step {d) comprises contacting
the amplified polynucleotides with an additional plurality of transposomes comprising the

library adapters.
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32, The method of claim 31, wherein the library adapters comprise (1} indexes, (it}
bridge amplification primer binding sites, and/or (111} sequencing primer binding sites.

33. The method of claim 31 or 32, further comprising enriching for target
polynucleotides in the nucleic acid library.

34, The method of any one of claims 26-33, wherein the enriching comprises
hybridizing a plurality of selection probes with the amplified polynucleotides, the plurality of
polvnucieotides, and/or the nucleic acid library, wherein the selection probes of the plurality
of selection probes comprise different nucleotide sequences from one another.

35 The method of claim 34, wherein an average distance between two adjacent
nucleotide sequences of the selection probes on a reference sequence of a genome is in g range
from about 300 consecutive nucleotides to about 7,000 consecutive nuclectides; optionally,
wherein the range is from about 500 consecuiive nucleotides to about 5,000 consecutive
nucleotides; optionally, wherein the range 15 from about 730 consecutive nucleotides to about
2,500 consecutive nucleotides; optionally, wherein the range is from about 750 consecutive
nucleotides to about 1,500 consecutive nucleotides; and optionally, wheren the range 1s from
about 900 consecutive nucleotides to about 1,200 consecutive nucleotides.

36, The method of claim 34 or 35, wherein an average distance between two
adjacent nucleotide sequences of the selection probes on a reference sequence of a genome is
about 750, 1000, 1500, or 2000 consecutive nucleotides.

37. The method of any one of claims 34-36, wherein an average number of sites in
a genome that each selection probe of the plurality of selection probes is capable of hybridizing
o 18 no more than 5O different sites in the genome, to no more than 40 different sites 1 the
genome, to ng more than 30 different sites in the genome, to no more than 20 different sites in
the genome.

38, The method of any one of claims 34-37, wherein each selection probe of the
plurality of selection probes is capable of hybridizing to no more than 56 different sites in a
genome, to no more than 40 different sites in a genome, o no more than 30 different sites n a
genome, 10 no more than 20 different sites in a genome.

39. The method of claim 37 or 38, wherein a selection probe capable of hybridizing
to a site in the genome comprises at least 50, 60, 70, or 80 consecutive nucleotides

complementary to at least 90% of a nucleotide sequence at the site in the genome.
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40. The method of any one of claims 34-39, wherein the plurality of selection
probes lack sequences capable of hvbridizing 1o & repetitive genomic DNA element.

41 The method of claim 40, wherein the repetitive genomic DNA element is
selected from a tandem repeat, an Alu repeat, a short interspersed nuclear element (SINE}, a
long interspersed nuclear element {LINE), an integrated viral sequence, a viral long ternuinal
repeat (LTR), and a transposon.

42, The method of any one of claims 34-41, wherein the plurality of selection
probes comprise at least SO, 100, 200, 300, 10600, 5000 different selection probes.

43, The method of claim 42, wherein each selection probe of the plurality of
selection probes comprises a nuclectide sequence capable of hybridizing to a region in a human
genome represented in a RefSeq database and having a MAP( score less than 50,

44, The method of claim 42 or 43, wherein each selection probe of the plurality of
selection probes comprises a nucleotide sequence having at least 90%, 95%, or 100% sequence
identity o any one of SEQ 1D NOs:02-122770.

45, The method of any one of claims 42-44, wherein each selection probe of the
plurality of selection probes comprises a nucleotide sequence having at least 90%, 95%, or
100% sequence identity to any one of SEQ 1D N(5:02-39954,

46.  The method of any one of claims 34-45, wherein the plurality of selection
probes is attached to a substrate.

47, The method of clamm 46, wheremn the substrate comprises a plurality of beads;
optionally wherein the beads are magnetic,

48, The method of any one of claims 33-47, further comprising amplifying the
target polynuclestides.

49, The method of any one of ¢laims 1-48, wherein an amount of the plarality of
nucleic acid fragments is less than about 100 ng, S0 ng, 30 ng, 20 ng, 10 ng, Sng, or 1 ng.

50. The method of any one of claims 1-49, wherein the plurality of nucleic acid
fragments 1s mammalian.

51. The method of any one of claims 1-50, wherein the plurality of nucleic acid
fragments s human.

52. The method of any one of claims 1-51, wherein a plurality of nucleic acid

fragments comprises genomic DNA.
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53. A method for preparing a nucleic acid library, comprising;

{a} obtaining a plurality of transposomes comprising transposon adaptors,
wherein the plurality of transposomes is immobilized on a bead, wherein the
transposomes of the plurality of transposomes are the same;

{b) contacting a plurality of nucleic acid fragments with the plurality of
transposomes 1o obtain a plurality of polynucleotides, wherein the plurality of the
transposomes immobilized on the bead comprise a total activity such that an average
length of the plurality of polynucleotides greater than about 1 kbp, 2 kbp, 5 kbp, 10
kbp, 15 kbp, 20 kbp, or 40 kbp;

{c} amplifying the plurality of polynuclectides to obtain amplified
polynucleotides by:

(1) performimg a mutagenesis PCR, such that mutations are ntroduced
into amplified polynucleotides, and
(1) performing a suppression PCR; and

{d) adding library adapters to each end of the amplified polynucleotides by
contacting the amplified polynucleotides with an additional plurality of transposomes,
thereby obtaiming the nucleic acid library,

54, The method of claim 353, further comprising enriching for target nuclerc acids
in the amplified polynucleotides, and/or enriching for target nucleic acids m the nucleic acid
library.

55, The method of claim 54, wherein enriching for target nucleic acids in the

amplified polynucleotides 1s performed prior {0 performing the suppression PCR.

(4
o

The method of claim 54, wherein enriching for target nucleic acids in the
amplified polynucleotides 1s performed after performing the suppression PCR.

57. The method of any one of claims 54-56, wherem the enriching comprises
hybridizing a plurality of selection probes with the amplified polynuclestides and/or the
nucleic acid hibrary.

58. The method of claim 57, wherein an average distance between two adjacent
nucleotide sequences of the selection probes on a reference sequence of a genome 5 in a rangs
from about 300 consecutive nuclectides to about 7,000 consecutive nucleotides, optionally,

wherein the range is from about 500 consecutive nuclectides to about 5,000 consecutive

-81-



WO 2023/230552 PCT/US2023/067467

nucleotides; optionally, wherein the range 1s from about 750 consecutive nucleotides to about
2,500 consecutive mucleotides; optionally, wherein the range is from about 750 consecutive
nucleotides to about 1,500 consecutive nucleotides; and optionally, wherein the range is from
about 900 consecutive nucleotides to about 1,200 consecutive nucleotides.

59, The method of claim 57 or 58, wherein an average distance between two
adjacent nucleotide sequences of the selection probes on a reference sequence of a genome is
about 750, 1000, 1500, or 2000 consecutive nucleotides.

&0, The method of any one of claims 57-39, wherein an average number of sites in
a genome that each selection probe of the plurality of selection probes is capable of hybridizing
1o 15 no more than 50 different sites in the genome, to no more than 40 different sites in the
genome, 10 no more than 30 different sites in the genome, to no more than 20 different sites in
the genome.

61 The method of any one of claims 57-60, wherein each selection probe of the
plurality of selection probes is capable of hyvbridizing to no more than 50 different sites in a
genome, to no more than 40 different sttes in a genome, t0 no more than 30 different sites ina
genome, to no more than 20 different sites in a genome.

62 Themethod of claim 60 or 61, wherein a selection probe capable of hybridizing
{0 a site m the genome comprises at least 30, 60, 70, or 80 consecutive nucleotides
complementary to at least 90% of a nucleotide sequence at the site in the genome.

63, The method of any one of claims 57-62, wherein the plurality of selection
probes lack sequences capable of hybridizing 10 a repetitive genomic DNA element.

64. The method of claim 63, wherein the repetitive genomic DNA element 1
selected from a tandem repeat, an Alu repeat, a short nterspersed nuclear element (SINE), a
long mterspersed nuclear element (LINE}, an integrated viral sequence, a viral long termnal
repeat (LTR), and a transposon.

65, The method of any one of claims 57-64, wherem the plorality of selection
probes comprise at least 50, 100, 200, 500, 1000, 5000 different selection probes.

66. The method of claim 635, wherein each selection probe of the plurality of
selection probes comprises a nucleciide sequence capable of hybridizing to a region in a human

genome represented in a RefSeq database and having a MAP(G score less than 50,
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67. The method of claim 65 or 66, wherein each selection probe of the plurality of
selection probes comprises a nuclestide sequence having at least 90%, 95%, or 100% sequence
identity to any one of SEQ 1D N(s:02-122770.

68, The method of any one of claims 62-67, wherein each selection probe of the
plurality of selection probes comprises a nucleotide sequence having at least 90%, 95%, or
100% sequence identity to any one of SE(Q 1D NOs:02-39954.

69. The method of any one of claims 57-68, wherein the plurality of selection
probes is attached to a substrate.

70. The method of claim 69, wherein the substrate comprises a plurality of beads;
optionally wherein the beads are magnetic.

71 The method of any one of claims 55-70, further comprising amplifying the
target polynucleotides.

72 A method for determining a sequence of a target nucleic acid, comprising:

performing the method of any one of claims 1-71;
sequencing the nucleic acid library to obtain sequence reads; and
assembling sequence reads to obtain the sequence of a target nucleic acid.

73 The method of claim 72, wherein the assembling comprises comparing the
sequence reads to a reference sequence.

74, The method of claim 73, wherein the comparing comprises determining
mutations introduced into the amphified polynucleotides during the mutagenesis PCR.

75 The method of claim 72 or 73, wherein the reference sequence 1s obtained from
the same nucleic acid sample as the plurality of nucleic acid fragmenis.

76. A kit comprising;

a first bead-hinked tfransposomes (BLT-1} reagent, wherein the BLT-1
transposomes comprises a first adaplor sequence;

a mutagenesis reagent comprising a first primer, dPTPs, dNTPs, and a
polymerase;

a second bead-linked transposomes (BLT-2} reagent, wherein the BLT-2
transposomes comprise the first adaptor and a second adaptor;

an amplification reagent comprising a first primer, a second primer, dNTPs, and

a polymerase,
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wherein BLT-1 has a lower transposome density as compared to BLT-2; and
wherein the first primer hybridizes to the first adaptor sequence and the second
primer hybridizes to the second adaptor sequence.
77. The kit of clamm 76, wherein BLT-2 has more than 10, 20, 50, 100, or 1000
times the transposome density as compared to BLT-1.

g pny
i
i

78 The kit of claim 76 or 77, wherein the first adaptor s B135 and the second
adaptor 1s Al4.
79. A system for preparing a nucleic acid library, comprising:

{a) a first plurality of transposomes comprising transposon adaptors for
tagmenting a plurality of nucleic acid fragments, wherein the first plurality of
transposomes 1s immohilized on a first plurality of beads at a first density;

{b} reagents for amplifying the plurality of polynucleotides to obtamn amplified
polynucleotides, wherein the amplifying comprising a mutagenesis PCR and/or a
suppression PCR, wherein:

(1) the first reagent for performing mutagenesis PCR comprise a low
bias DNA polymerase and/or a nucleotide analogue; optionally, wherein the
nucleotide avalogue comprises dPTP, and/or §-0ox0-dGTP; and/or the low bias
DNA polymerase 15 a Thermococecal polymerase, or a functioval derivative
thereof, optionally, wherein the Thermococcal polymerase is derived from a
Thermococcal strain selected from the group consisting of 1. kodakarensis, T.
siculi, T, celer and T. sp KS-1, and

(1) the first reagents for performing suppression PCR comprise
amplification primers having the same nucleotide sequence capable of
hybridizing to the transposon adaptors;

{c} a phurality of selection probes for enriching for target polynucleotides n the
amplified polynucleotides; and

{d} a second plurality of transposomes comprising library adaptors for adding
library adaptors to each end of the amplified polynucleotides, wherein the second
plurality of transposomes is immobilized on a second plurality of beads at a second
density, wherein the first density is less than the second densiiy.

80. A system for preparing a nucleic acid library, comprising:
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{a} a first plurality of transposomes for tagmenting a plurahity of nucleic acid
fragments to obtain a plurality of polynucleotides, wherein the first plurality of
transposomes comprises transposon adaptors, wherein the first plurality of
transposomes 18 immobilized on a solid support, optionally, wherein the solid support
comprises a first plurality of beads; wherein:

the first plurality of the transposomes is immobilized on the first
plurality of beads at a density such that on coniacting the first plurahity of
transposomes with the plurality of nucleic acid fragments the plurality of
polynucleotides has an average length of the plurality of polynucleotides is
greater than about 1 kbp, 2 kbp, 5 kbp, 10 kbp, 15 kbp, 20 kbp, or 40kbp; and/or
wherein the average length of the plurality of polynucleotides is in a range from

about 1 kbp to about 40 kbp, 1 kbp to about 30 kbp, 1 kbp to about 20 kbp, 5

kbp to about 20 kbp, 5 kbp to about 15 kbp, or 7 kbp to about 12 kbp;

the number of transposomes immobilized on the bead is no more than
about 100 transposomes, 30 transposomes, 40 transposomes, 30 transposores,

20 transposomes, or 10 transposomes, optionally, wherein the number of

transposomes immobilized on the bead s no more than about 30 transposomes;

the plurality of the transposormues immobilized on the bead comprise a
total activity such that on contacting the first plurality of transposomes with the
plurality of nucleic acid fragments the plurality of polynucleotides has an
average length greater than about 1 kbp, 2 kbp, 5 kbp, 10 kbp, 15 kbp, 20 kbp,
or 40 kbp; and/or wherein the average length of the plurality of polynucleotides
1s in a range from about 1 kbp to about 40 kbp, 1 kbp to about 30 kbp, 1 kbp to
about 20 kbp, 5 kbp to about 20 kbp, 5 kbp to about 15 kbp, or 7 kbp to about

12 kbyp; and/or

the plurality of the transposomes immobilized on the bead comprise an
activity in a range from about 0.05 AU/pl to about 0.25 0.05 AU/l optionally,
wherein the plurality of the transposomes immobilized on the bead comprise an
activity of about 0.075 AU/ul;

{b) first reagents for amplifying the plurality of pelynuclectides to obtain

amplified polynucleotides; and
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{c} second reagents for adding library adaptors to each end of the amplified
polynucleotides.

81. The system of claim 80, wherein the transposon adapters comprise the same
sequence, optionally, wherein the transposon adapters comprise the nucleotide sequence: SEQ
D NO: 01 (GTCTCGTGGGCTCGGY, and/or wherem the transposomes of the plurality of
transposomes are the same, optionally, wherein the transposomes of the plurality of
transposomes are B15 transposomes.

82.  The system of claim 80 or 81, wherein the first reagents comprise reagenis for
performing mutagenesis PCR comprising 2 low bias DNA polymerase and/or a nucleotide
analogue; optionally, wherein:

the nucleotide analogue comprises dPTP, and/or 8-oxo-dGTP; and/or
the low bias DPNA polvmerase is a Thermococcal polymerase, or a functional

derivative thereof, optionally, wherein the Thermococcal polymerase is derived from a

Thermococcal strain selected from the group consisting of 7. kodakarensis, 1. siculi,

7. celer and T. sp KS-1.

83. The system of any one of claims 80-82, wherein the first reagents comprise
reagents for performing suppression PCR comprising amphification primers having the same
nucleotide sequence; optionally, wherein the amplification primers are capable of hybridizing
to the transposon adaptors.

84 The system of any one of claims 80-83, wherein the second reagents comprise
a second plurality of transposomes comprising the library adaptors; and optionally, wherein
the second plurality of transposormes has an activity such that on contacting the second plurality
of transposomes with the amplified polynucleotides a library of nucleic acids 18 obtained and
comprises the library adaptors and having an average length less than about 1 kb, 900 bp, 800,
bp, 700 bp, 600 bp, 500 bp, 400 bp, 300 bp, 200 by, or 100 bp.

85. The system of claim 84, wherein the first plurality of the transposomes s
immobilized on the beads at a density less than a density at which the second plorality of
transposomes are immobilized on the second plurality of beads.

86, The system of any one of claims 80-85, further comprising third reagents for

enriching for target polynuclestides in the amplified polyvnucleotides, comprising a phurality of
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selection probes; optionally, wherein the plurality of selection probes is attached fo a third

plorality of beads.

87.  The system of claim 79 or 86, wherein an average distance between two
adjacent nucleotide sequences of the selection probes on a reference sequence of a genome is
in a range from about 300 consecutive nucleotides to about 7,000 consecutive nucleotides;
optionally, wherein the range is from about 500 consecutive nucleotides to about 5,000
consecutive nucleotides; optionally, wherein the range is from about 750 consecutive
nucleotides to about 2,500 consecutive nucleotides; optionally, wherein the range is from about
730 consecutive nucleciides to about 1,500 consecutive nuclestides; and optionally, wherein
the range 15 from about 900 consecuiive nucleotides to about 1,200 consecutive nucleotides;
and optionally, wherein an average distance between two adjacent nucleotide sequences of the
selection probes on a reference sequence of a genome 1s about 750, 1000, 1500, or 2000
consecutive nucleotides.

88. The system of claim 86 or 87, wherein an average number of sites in a genome
that each selection probe of the plurality of selection probes is capable of hybnidizing to 15 no
roore than 50 different sites in the genome, to no more than 40 different sites in the genome,
to no more than 30 different sites in the genome, to no more than 20 different sites 1o the
genome.

89 The system of any one of claims 86-88, wherein each selection probe of the
plurality of selection probes is capable of hybridizing to no more than 56 different sites mn a
genome, to no more than 40 different sites in a genome, 0 no more than 30 different sites ina
genome, to no more than 20 different sites i a genome; and optionally, wherein a selection
probe capable of hybridizing to a site i the genome comprises at least 50, 60, 70, or 80
consecutive nucleoides complementary to at least 90% of a nucleotide sequence at the site in
the genome.

a0, The system of any one of claims 86-89, wherein the plurality of selection probes
lack sequences capable of hybridizing io a repetitive genomic DBNA element; optionally,
wheretn the repetitive genomic DNA element is selected from a tandem repeat, an Alu repeat,
a short interspersed nuclear element (S8INE}, a long interspersed nuclear element (LINE), an

integrated viral sequence, a viral long terminel repeat (LTR), and a transposon.
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o1 The system of any one of claims 86-90, wherein the plurality of selection probes
comprise at least 50, 100, 200, 300, 1000, 5000 different selection probes.

92, The system of claim 91, wherein each selection probe of the plurality of
selection probes comprises a nuclectide sequence capable of hybridizing to a region in a human
genome represented in a RefSeq database and having a MAP(Q score less than 50

93. The system of claim 91 or 92, wherein each selection probe of the plurality of
selection probes comprises a nucleotide sequence having at least 90%, 95%, or 100% sequence
identity to any one of SEQ 1D NOs:02-122770.

94 The system of any one of claims 91-93, wherein each selection probe of the
plurality of selection probes comprises a nucleotide sequence having at least 90%, 95%, or
100% sequence identity to any one of SEQ 1D N(3s5:02-39954.

95, The system of any one of claims 79-94, wherein the plurality of nucleic acid
fragments is mammalian; optionally, wherein the plurality of nucleic acid fragments is human.

9. The system of any one of claims 79-95, wherein the plurality of nucleic acid
fragments comprises genonuc DNA.

97. A kit comprising: a plurality of at least 50, 100, 1000, 2000, 3000, 4000, 5000,
10000, 20000, 30000, or 40000 selection probes, wherein the selection probes are different
from one another, and comprise a nucleotide sequence having at least 90%, 95%, or 100%
sequence identity to any one of SEQ 1D NOs: 02-122770; and optionally:

{1} a first plurality of transposomes comprising transposon adaptors for
tagmenting a plurality of nucleic acid fragments, wherein the first phurality of
transposomes 1s immobilized on a first plurality of beads at a first density; and

{11) a second plurality of transposomes comprising library adaptors for adding
hibrary adaptors 1o each end of the amplified polynucleotides, wheremn the second
plurahity of transposomes 15 immobihized on a second plurality of beads at a second
density, wherein the first density 18 less than the second density.

98. The kit of claim 97, wherein each selection probe of the plurality of selection
probes comprises a nucleotide sequence having at least 90%, 95%, or 100% sequence identity

to any one of SEQ 1D NGs:02-39954.
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