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For each nucleic acid molecule of a plurality of
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compound attached to a first end of a second strand to form
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For each nucleic acid molecule of a first subset of a

plurality of nucleic acid molecules

Hybridizing a first compound comprising one or more

nucleotides to the first portion of a first strand, the first / 3302

compound attached to a first end of a second strand to form
an elongated second strand with a first end comprising the
first compound, the first compound having a first end not
contacting the second strand, the first compound including
one or more nucleotides that are methylated cytosines

Converting the one or more nucleotides that are v 3304

unmethylated cytosines o thymines

Separating the first strand from the elongated second strand

'

Determining a first location, wherein the first location is of a

thymine in the second strand nearest the first end of the | 3308

elongated second strand

v

Determining a second location, wherein the second location

is of a methylated cytosine in the first compound nearest the Y

thymine

v

Determining a distance from the first end of the elongated

strand using at least one of the first location or the second |
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:

Calculating a jagged end value using the distances for vV 3314
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Adding, to a biological sample, a set of first
compounds, where the first compounds include
oligonucleotides of different nuclectide lengths, each
oligonucleotide of a subset of the oligonucleotides
includes nucleotides complementary to at least one
of a plurality of first portions of a first strand, each
compound includes an identifier, the identifier
indicating the length of the oligonucleotide of the first
compound

.

Hybridizing the oligonucieotide of the first compound
of the set of first compounds ot the first portion of the
first strand to form an elongated second strand that is
part of an aggregate molecule and includes the
identifier molecule

| 3804

:

Analyzing the aggregate molecule to detect the
identifier molecule

l

Determining the length of the first portion based on
the identifier molecule
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Measuring a methylation status for each of a plurality of
sites of a first strand and a second strand of a plurality of _/‘4202
nucleic acid molecules

.

For each of the plurality of sites, determining a 4204
methylation level based on an amount of the methylation T
statuses that indicate methylation at the site

|

identifying, in a direction toward the ends of the first and 4206
second strands, a first decrease in the methylation levels T
to a first value at a first site of the plurality of sites

'

Determining a first distance of the first site relative to an 4208
outermost nucleotide at the first end of the first strand T
based on the corresponding cycle of the sequencing
process

y

Determining a first magnitude of the first decrease in the f4210
methylation level

.

Determining a first length of a first plurality of first _/‘4212
portions using the first distance of the first site

'

Determining a first amount of nucleic acid molecules /-4214
using the first magnitude of the first decrease in the
methylation level, the first amount of nucleic acid
molecules including first portions with lengths less than
or equal to the first length
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For each nucleic acid molecule of a plurality of nucleic acid molecules

Measuring a property of a first strand and/or a second
—® strand that is proportional to the length of a first strand that
overhangs the second strand

/5902

|

| 5904

Sequencing the nucleic acid molecule to produce one or
more reads
Determining a genomic location of the nucleic acid molecule

by aligning the one or more reads to a reference sequence

;

ldentifying a set of nucleic acid molecules having genomic 5908
locations in open chromatin regions and non-open L
chromatin regions associated with a first tissue type

v

For the set of nucleic acid molecules

Calculating a first value of a parameter using a first plurality
of measured properties of a first plurality of first portions,
where the first plurality of first portions are from nucleic acid
molecules located in the open chromatin regions of the first
fissue type

y

Calculating a second value of the parameter using a second

plurality of measured properties of a second plurality of first

—®1 partions, where the second plurality of first portions are from

nucleic acid molecules located in the non-open chromatin
regions of the first tissue type

5912

v

Calculating a separation value between the first value of the
parameter and the secoqd value of the parameter

/—5914

!

Determining whether the first tissue type exhibits a cancer
®™!  based on comparing the separation value to a reference
value

FIG. 59
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Circularizing a double-stranded nucleic acid
molecule using oligonucleotides having known
patterns, thereby producing a circular nucleic acid
molecule

l

Cleaving the circular nucleic acid molecule to form a
single-stranded nucleic acid molecule

l

Analyzing the single-stranded nucleic acid molecule
to produce a first read and a second read

Ve 6406

l

Aligning the first read and the second read to a
reference sequence or to each other

f6408

l

Determining, using the aligning of the first read and
the second read, whether the double-stranded
nucleic acid molecule includes a portion of the first
strand not hybridized to the second strand

/-6410

FIG. 64
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Circularizing a double-stranded nucleic acid
molecule using oligonucleotides having known
patterns, thereby producing a circular nucleic acid
molecule

l

Analyzing the circular nucleic acid molecule to
produce a first read and a second read

_/—6504

l

Aligning the first read and the second read to a
reference sequence or to each other

l

Determining, using the aligning of the first read and
the second read, whether the double-stranded
nucleic acid molecule includes a portion of the first
strand not hybridized fo the second strand

FIG. 65
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For each nucleic acid molecule of a plurality of
nucleic acid molecules

702

Hybridizing a first compound comprising one or more /6
nucleotides to the first portion of a first strand, wherein the
one or more nucleotide analogs hybridize to any nucleotide

l

Separating the first strand from the elongated second
strand

Sequence each elongated second strand of the plurality
of elongated second strands to produce nucleotide
signals at each of a plurality of positions on the 7" 8706
elongated second strand, wherein the sequencing
includes clonal amplification of the elongated second
strand

~— 6704

identify a first position of an end of the corresponding

second strand by detecting a change in intensity ofa | _~"6708

maximum nucleotide signal from the first position to a
subseguent position

FIG. 67
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