CLAIMS
WHAT IS CLAIMED IS:
1. A DNA molecule, comprising:

a nucleic acid segment obtained or derived from a biological sample, wherein the nucleic
acid segment is DNA;

a pair of error-correcting unique identifiers ligated to the nucleic acid segment to produce a
ligation product, wherein the pair of error-correcting unique identifiers flanks the nucleic acid
segment, wherein each of the pair of error-correcting unique identifiers is a DNA segment, wherein
the pair of error-correcting unique identifiers collectively provides a unique identification of the
nucleic acid segment against other nucleic acid segments represented in a set of sequencing reads;
and

a pair of error-correcting dual index sample barcodes attached to the ligation product,
wherein each of the pair of error-correcting dual index sample barcodes is a DNA segment, and
wherein the pair of error-correcting dual index sample barcodes collectively provides a unique
identification of the biological sample against other biological samples represented in a set of
sequencing reads.

2. The DNA molecule of claim 1, wherein the nucleic acid segment is complementary DNA
(cDNA).
3. The DNA molecule of claim 1 or 2, wherein the nucleic acid segment is obtained or derived

from a cell-free DNA sample.

4. The DNA molecule according to any one of claims 1 to 3, wherein the pair of error-
correcting dual index sample barcodes flank the ligation product.

5. A collection comprising a plurality of the DNA molecules according to any one of claims 1
to 4.

6. A method to prepare a DNA library for sequencing, the method comprising:

ligating onto a plurality of nucleic acid segments pairs of partial Y-adapters to flank each of
the plurality of nucleic acid segments by a pair of partial Y-adapters, thereby producing a plurality of
ligation products,

wherein each of the plurality of nucleic acid segments is DNA, and wherein the plurality of
nucleic acid segments is obtained or derived from a biological sample,
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wherein each of the pair of partial Y-adapters comprises an error-correcting unique identifier
and sequences for a primer to anneal in a grafting polymerase chain reaction, and

wherein the pair of error-correcting unique identifiers on each of the plurality of nucleic acid
segments collectively provides a unique identification of the nucleic acid segments against other
nucleic acid segments in the plurality of nucleic acid segments; and

grafting onto each of the plurality of ligation products a pair of error-correcting dual index
sample barcodes to flank the ligation product by the error-correcting dual index sample barcodes,
wherein the error-correcting dual index sample barcodes collectively provide a unique identification
of the biological sample.

7. The method of claim 6, wherein the nucleic acid segment is complementary DNA (cDNA).
8. The method of claim 6 or 7, wherein the biological sample comprises a cell-free DNA
sample.

9. The method according to any one of claims 6 to 8, wherein the error-correcting dual index

sample barcodes collectively provide the unique identification of the biological sample against other
biological samples represented in the DNA library.

10. A method to detect a neoplasm in an individual, the method comprising:

obtaining or having obtained cell-free nucleic acid sequencing reads of a plurality of cell-free
nucleic acid molecules, wherein the plurality of cell-free nucleic acid molecules is obtained or
derived from a first bodily sample of the individual;

obtaining or having obtained cell-derived nucleic acid sequencing reads of a plurality of cell-
derived nucleic acid molecules, wherein the plurality of cell-derived nucleic acid molecules is
obtained or derived from a second bodily sample of the individual,

identifying or having identified single nucleotide variants present in both the cell-free nucleic
acid sequencing reads and the cell-derived nucleic acid sequencing reads;

determining or having determined, based at least in part on applying a first computational
model to the identified single nucleotide variants, whether the cell-free nucleic acid sequencing reads
contain nucleotides indicative of cell-free nucleic acid molecules derived from a neoplasm,

wherein the first computational model is constructed utilizing cell-free nucleic acid
sequencing data and cell-derived nucleic acid sequencing data from a first set of individuals having a
neoplasm and a second set of control individuals not having a neoplasm, and
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wherein the first computational model integrates one or more of the following features: cell-
derived DNA Bayesian background, cell-free DNA Bayesian background, germline depth, short
fragment score 1, short fragment score 2, genomic start position and end position of the cell-free
DNA molecule, and any combination thereof; and

detecting the neoplasm in the individual based at least in part on the determination that the
cell-free nucleic acid sequencing reads contain the nucleotides indicative of cell-free nucleic acid
molecules derived from a neoplasm.




2011. A method to detect a neoplasm in an individual, the method comprising:

obtaining or having obtained cell-free nucleic acid sequencing reads of a plurality of cell-free
nucleic acid molecules, wherein the plurality of cell-free nucleic acid molecules is obtained or
derived from a first bodily sample of the individual;
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obtaining or having obtained cell-derived nucleic acid sequencing reads of a plurality of cell-
derived nucleic acid molecules, wherein the plurality of cell-derived nucleic acid molecules is
obtained or derived from a second bodily sample of the individual,

identifying or having identified copy number variations present in both the cell-free nucleic
acid sequencing reads and the cell-derived nucleic acid sequencing reads; and

determining or having determined, based at least in part on applying a computational model
to the identified copy number variations, whether the cell-free nucleic acid sequencing reads contain
nucleotides indicative of cell-free nucleic acid molecules derived from a neoplasm,

wherein the computational model is constructed utilizing cell-free nucleic acid sequencing
data and cell-derived nucleic acid sequencing data from a first set of individuals having a neoplasm
and a second set of control individuals not having a neoplasm, and

wherein the computational model integrates one or more of the following features: a number
of uniformly distributed genomic window regions, a number of GISTIC "hotspot” regions, the
enrichment of GISTIC "hotspot" regions as compared to the uniform windows, and any combination
thereof; and

detecting the neoplasm in the individual based at least in part on the determination that the
cell-free nucleic acid sequencing data contains the nucleotides indicative of cell-free nucleic acid
molecules derived from a neoplasm.

2312. A method for detecting a neoplasm in an individual, the method comprising:

obtaining or having obtained cell-free nucleic acid sequencing reads of a plurality of cell-free
nucleic acid molecules, wherein the plurality of cell-free nucleic acid molecules is obtained or
derived from a bodily sample of the individual;

identifying or having identified genomic positions of a first nucleotide and a last nucleotide
of each of a plurality of unique sequenced cell-free nucleic acid molecules within the sequencing
reads;

determining or having determined a frequency of the identified genomic positions of the first
nucleotide and the last nucleotide of each of the plurality of unique sequenced cell-free nucleic acid
molecules; and

determining or having determined, based at least in part on applying a computational model
to the frequencies of the identified genomic positions of the first nucleotide and the last nucleotide of
each of the plurality of unique sequenced cell-free nucleic acid molecules, whether the cell-free
nucleic acid sequencing reads contain nucleotides indicative of cell-free nucleic acid molecules
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derived from a neoplasm, wherein the computational model is constructed utilizing cell-free nucleic
acid sequencing data and cell-derived nucleic acid sequencing data from a first set of individuals
having a neoplasm and a second set of control individuals not having a neoplasm; and

detecting the neoplasm in the individual based at least in part on the determination that the
cell-free nucleic acid sequencing data contains the nucleotides indicative of cell-free nucleic acid
molecules derived from a neoplasm.

2713. A method for detecting a neoplasm in an individual, the method comprising:

obtaining or having obtained cell-free nucleic acid sequencing reads of a plurality of cell-free
nucleic acid molecules, wherein the plurality of cell-free nucleic acid molecules is obtained or
derived from a bodily sample of the individual;

identifying or having identified a fragment length of each of a plurality of unique sequenced
cell-free nucleic acid molecules within the sequencing reads;

selecting a subset of the sequencing reads corresponding to cell-free nucleic acid molecules
of the plurality of unique sequenced cell-free nucleic acid molecules having a fragment length
indicative of a sub-mononucleosomal fragment or a sub-disomal fragment;
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analyzing the subset of the sequencing reads to determine a frequency of the identified
fragment lengths indicative of the sub-mononucleosomal fragments or the sub-disomal fragments;
and

determining or having determined, based at least in part on applying a computational model
to the identified fragment lengths indicative of the sub-mononucleosomal fragments or the sub-
disomal fragments, whether the cell-free nucleic acid sequencing reads contain nucleotides
indicative of cell-free nucleic acid molecules derived from a neoplasm, wherein the computational
model is constructed utilizing cell-free nucleic acid sequencing data and cell-derived nucleic acid
sequencing data from a first set of individuals having a neoplasm and a second set of control
individuals not having a neoplasm; and

detecting the neoplasm in the individual based at least in part on the determination that the
cell-free nucleic acid sequencing data contains the nucleotides indicative of cell-free nucleic acid
molecules derived from a neoplasm.

3114. A method for detecting a neoplasm in an individual, the method comprising:

obtaining or having obtained cell-free nucleic acid sequencing reads of a plurality of cell-free
nucleic acid molecules, wherein the plurality of cell-free nucleic acid molecules is obtained or
derived from a bodily sample of the individual;

analyzing the sequencing reads to determine a variant allele frequency (VAF) of a plurality
of single nucleotide variants (SNVs); and

determining or having determined, based at least in part on applying a computational model
to the determined VAFs of the plurality of SNVs, whether the cell-free nucleic acid sequencing reads
contain nucleotides indicative of cell-free nucleic acid molecules derived from a neoplasm, wherein
the computational model is constructed utilizing cell-free nucleic acid sequencing data and cell-
derived nucleic acid sequencing data from a first set of individuals having a neoplasm and a second
set of control individuals not having a neoplasm; and
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detecting the neoplasm in the individual based at least in part on the determination that the
cell-free nucleic acid sequencing data contains the nucleotides indicative of cell-free nucleic acid
molecules derived from a neoplasm.

3915. A bait set for hybridization capture, the bait set comprising at least 1, 2, 3, 4,5, 6, 7, 8, 9, 10,
20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1200, 1400, 1600,
1800, 2000, 2200, 2400, 2600, 2800, 3000, 3200, 3400, 3600, 3800, 4000, 4200, 4400, 4600, 4800,
or 5000 different polynucleotide-containing probes, wherein the polynucleotide-containing probes
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are, collectively, configured to hybridize to cfDNA derived from at least 5% of the genomic regions
set forth in Table 1.

4616. A mixture comprising:

DNA from a biological sample; and

the bait set of any-ene-ofclaims39-te-45claim 15.

4717. A method of performing capture hybridization, the method comprising:
obtaining a plurality of DNA molecules derived from a cell-free DNA source; and

mixing a fraction of the plurality of DNA molecules with a set of capture bait molecules,
wherein the set of capture bait molecules are configured to selectively hybridize to DNA molecules
that are at least partially complementary to at least one sequence of the set of capture bait molecules,

wherein the set of capture bait molecules are configured to selectively hybridize to DNA
molecules comprising sequences that comprise at least a portion of a genomic locus selected from
the group of genomic loci in Table 1.
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5318. A DNA molecule, comprising:

a nucleic acid molecule sourced from a biological sample, wherein the nucleic acid molecule
is DNA or cDNA;

a pair of error-correcting unique identifiers that flank the nucleic acid molecule, wherein the
error-correcting unique identifiers are each DNA molecules and the combination of the error-
correcting unique identifiers provides an identification of the nucleic acid molecule in a sequencing
result; and

a pair of error-correcting dual index sample barcodes, wherein the error-correcting unique
identifiers are each DNA molecules and the combination of the error-correcting unique identifiers
provides an identification of the biological sample in a sequencing result.

5419. A method to prepare DNA library for sequencing, comprising:

ligating onto a collection of nucleic acid molecules pairs of partial Y-adapters such that each
nucleic acid molecule is flanked by a pair of partial Y-adapters, wherein each nucleic acid molecule
is DNA or cDNA and the collection of nucleic acid molecules is sourced from a biological sample,
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wherein each partial Y-adapter includes an error-correcting unique identifier and sequences
for a primer to anneal in a grafting polymerase chain reaction, and

wherein each flanking combination of the two error-correcting unique identifiers on each
nucleic acid molecule identifies the ligation of the pair of partial Y-adapters to that nucleic acid
molecule; and

grafting onto each ligation product a pair of error-correcting dual index sample barcodes and
the sequence of a universal primer such that the ligation product is flanked by the error-correcting
dual index sample barcodes and the sequence of the universal primer, wherein the combination of
error-correcting dual index sample barcodes identifies the collection of nucleic acid molecules.

5820. A method for determining whether to perform a clinical procedure on an individual, the

method comprising:

obtaining or having obtained a sequencing result of a collection of cell-free nucleic acid
molecules, wherein the collection of cell-free nucleic acid molecules are sourced from a first biopsy
of an individual,

obtaining or having obtained a sequencing result of a collection of cell-derived nucleic acid
molecules, wherein the collection of cell-derived nucleic acid molecules are sourced from a second
biopsy of the individual,

identifying or having identified single nucleotide variants within both the cell-free nucleic
acid sequencing result and the cell-derived nucleic acid sequencing result;

determining or having determined, utilizing a first computational model and the identified
single nucleotide variants, that the cell-free nucleic acid sequencing result contains nucleotides
derived from a neoplasm,
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wherein the first computational model is built utilizing cell-free nucleic acid sequencing data
and cell-derived nucleic acid sequencing data from a cohort of individuals having a neoplasm and a
cohort of control individuals not having a neoplasm, and

wherein the first computational model integrates one or more of the following features: cell-
derived DNA Bayesian background, cfDNA Bayesian background, germline depth, short fragment
score 1, short fragment score 2, or genomic start and end position of the cfDNA molecule; and

determining whether to performing a clinical procedure on the individual based upon

determining that the cell-free nucleic acid sequencing result contains nucleic acid sequences derived
from a neoplasm.




6621. A method for determining whether to perform a treatment on te-treat-an individual for a

neoplasm, the method comprising:
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obtaining or having obtained a sequencing result of a collection of cell-free nucleic acid
molecules, wherein the collection of cell-free nucleic acid molecules are sourced from a first biopsy
of an individual;

obtaining or having obtained a sequencing result of a collection of cell-derived nucleic acid
molecules, wherein the collection of cell-derived nucleic acid molecules are sourced from a second
biopsy of the individual,

identifying or having identified single nucleotide variants within both the cell-free nucleic
acid sequencing result and the cell-derived nucleic acid sequencing result;

determining or having determined, utilizing a first computational model and the identified
single nucleotide variants, that the cell-free nucleic acid sequencing result contains nucleotides
derived from a neoplasm,

wherein the first computational model is built utilizing cell-free nucleic acid sequencing data
and cell-derived nucleic acid sequencing data from a cohort of individuals having a neoplasm and a
cohort of control individuals not having a neoplasm, and

wherein the first computational model integrates one or more of the following features: cell-
derived DNA Bayesian background, cfDNA Bayesian background, germline depth, short fragment
score 1, short fragment score 2, or genomic start and end position of the cfDNA molecule; and

determining whether to perform a treatment on treating-the individual based upon

determining that the cell-free nucleic acid sequencing result contains nucleic acid sequences derived
from a neoplasm.
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#422. A method of performing capture hybridization on a sequencing library, the method
comprising:

obtaining a sequencing library comprising a plurality of unique sequencing molecules
derived from cell-free DNA source;

mixing a fraction of the sequencing library with capture baits molecules to hybridize and pull
down particular sequences recognized by the capture baits, wherein the fraction of sequencing
library is at least 10%, 25%, or 50%.

#723. A method for determining whether to perform a treatment on te-treat-an individual for a

neoplasm, the method comprising:

obtaining or having obtained a sequencing result of a collection of cell-free nucleic acid
molecules, wherein the collection of cell-free nucleic acid molecules are sourced from a first biopsy
of an individual;

obtaining or having obtained a sequencing result of a collection of cell-derived nucleic acid
molecules, wherein the collection of cell-derived nucleic acid molecules are sourced from a second
biopsy of the individual,

identifying or having identified copy number variations within both the cell-free nucleic acid
sequencing result and the cell-derived nucleic acid sequencing result;
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determining or having determined, utilizing a computational model and the identified copy
number variations, that the cell-free nucleic acid sequencing result contains nucleotides derived from
a neoplasm,

wherein the second computational model is built utilizing cell-free nucleic acid sequencing
data and cell-derived nucleic acid sequencing data from a cohort of individuals having a neoplasm
and a cohort of control individuals not having a neoplasm, and

wherein the second computational model integrates one or more of the following features:
the number of uniformly distributed genomic window regions, the number of GISTIC "hotspot™
regions, and the enrichment of GISTIC "hotspot" regions as compared to the uniform windows; and

determining whether to perform a treatment on treatirg-the individual based upon
determining that the cell-free nucleic acid sequencing result contains nucleic acid sequences derived
from a neoplasm.

#824. A method for determining whether to perform a treatment on te-treat-an individual for a
neoplasm, the method comprising:

obtaining or having obtained a sequencing result of a collection of cell-free nucleic acid
molecules, wherein the collection of cell-free nucleic acid molecules are sourced from a biopsy of an
individual;

identifying or having identified the genomic position of the first and last nucleotide of each
unique sequenced cell-free nucleic acid molecule within both the cell-free nucleic acid sequencing
result;

determining or having determined, the frequency of identified genomic positions of the first
and last nucleotide of each unique sequenced cell-free nucleic acid;

determining or having determined, utilizing a computational model and the frequency of the
identified genomic positions of the first and last nucleotide of each unique sequenced cell-free
nucleic acid molecule, that the cell-free nucleic acid sequencing result contains nucleotides derived
from a neoplasm, wherein the third computational model is built utilizing cell-free nucleic acid
sequencing data and cell-derived nucleic acid sequencing data from a cohort of individuals having a
neoplasm and a cohort of control individuals not having a neoplasm; and

determining whether to perform a treatment on treating-the individual based upon
determining that the cell-free nucleic acid sequencing result contains nucleic acid sequences derived
from a neoplasm.
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