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400
2 For each nucleic acid molecule 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 |~ 402
.| 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

'

i |~ 404
-1 Separating the first strand from the elongated second strand

3

Determining a first methylation status for each of one or

| more first sites of the elongated second strand, the one or

more first sites at the first end of the elongated second
strand

e Y ___

Determining a second methylation status for each of one or |
| more second sites of the elongated second strand, the one |
| or more second sites at the second end of the elongated l'/
| second strand |
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Calculating a first methylation level using the first 410
methylation statuses for the plurality of elongated second T
strands at the one or more first sites

408

| Calculating a second methylation level using the second | 412
Imethylation statuses for the plurality of elongated secondL/-
[ strands at the one or more second sites !

Calculating a jagged end value using the first Ve 414
methylation level, wherein the jagged end value is
proportional to an average length of the first strands that
overhang the second strands
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3300

<

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 Ve 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

v

Converting the one or more nucleotides that are v 3304
unmethylated cytosines to thymines

\ 4 3306
__».|Separating the first strand from the elongated second strand

Y

Determining a first location, wherein the first location is of a 3308
| thymine in the second strand nearest the first end of the |
elongated second strand

v

Determining a second location, wherein the second location
—*|is of a methylated cytosine in the first compound nearestthe| —~ 3310
thymine

v

Determining a distance from the first end of the elongated
—®| strand using at least one of the first location or the second |~ 3312
location

Calculating a jagged end value using the distances for Y 3314
the first subset of the plurality of nucleic acid molecules
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3800

2 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 3802
indicating the length of the oligonucleotide of the first e
compound

.

Hybridizing the oligonucieotide of the first compound
of the set of first compounds ot the first portion of the | " 3804
first strand to form an elongated second strand that is
part of an aggregate molecule and includes the
identifier molecule

4

Analyzing the aggregate molecule to detectthe | 3806
identifier molecule

A

Determining the length of the first portion based on | 3808
the identifier molecule
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4200

2 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 v
statuses that indicate methylation at the site

{dentifying, 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

v

Determining a first distance of the first site relative to an 4908
outermost nucleotide at the first end of the first strand T
based on the corresponding cycle of the sequencing
process

!

Determining a first magnitude of the first decrease in the /‘4210
methylation level

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

v

Determining a first amount of nucleic acid molecules f4214
using the first magnitude of the first decrease in the
methylation level, the first amount of nucleic acid
maolecules 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 ac

id molecules

overhangs the second strand

Measuring a property of a first strand and/or a second 5002
—® strand that is proportional to the length of a first strand that /

'

Seqguencing the nucleic acid molecule to produce one or /5904

by aligning the one or more reads {o a reference sequence

.
more reads
Determining a genomic location of the nucleic acid molecule 5906
ininga g i i nuclei i ule{ —

Y

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

| -5908

.

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
portions, 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 second value of the parameter

| 5914

v

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

| 5916

FIG. 59

59/70



WO 2020/020174

FhK-oated DNA

Sphosphoniated
o W b \\\ N
g}m Wt

PCT/CN2019/097329

e
L0 Y
c i Y

§ Single strand DA
g e ytntor

Single sirand UMA ssiNA} igase

~

L

F sand Hocksd tapging ofige
with & seguencing adaplor
{Le PN saquance}

X ndioats X Mocker

| Rioultite
‘{ freatment
T
&
X
N
o Linear ampiifinalion using sandon prmes &g, §
g NS with 3 sequencing sdapiors fLe. B sogquenng)
— MNoany base AW OGS o )

¥

Afpicissne

PE

SERSSEREEER HNNX
&7

Mayvhase BorlwBaT)

1. Annsal P5 sequence n S and of
i feanplate DMK
* 2 Bxiensionof mapdats GNA 1Y
el to copy PY seqitenie
87
SRR

HFCR amplification fo form sequances being
iahh& o e soguenesd f.g. Bundaa platfornsd

Mapping to feference genome
ang overhang deduction 7

B
Refereme

N p"“w
&

y ]
,,,,,,,,,,,,,,,, o
atfsb ¢ d
AN

M Self-complementarity analysis

. (Without alignment to reference genome)
"~y

e

L -

e

-

i
OF Cresrhaing prasad
,,,,,,,,,,,, J

Cremvhang prassnt

N Qarhang absentd
Ovarhang absent

FIG. 60

60/70



WO 2020/020174 PCT/CN2019/097329

e

&\\\\\,\“\:\\_ ¢ % } Q Er3) \\ N - . .
. o o § 1. S Yol Resiiedion aniime Sulli
F-phosphondsied ] s 378 USRI ST G

tﬁvi&? \xx<<<~\'\““§§ 3 dﬁ \\\\m\““\o e
3 Single strand DNA (SsDINA) ligase

7%

Tasasasess

l Tisuiite

freatmend
b TN
§ \Sw.&w W RN
\ { N Ky JERRNY 3
g\ S enoyme

l Lineanias S Croulyr molecude uaing the shynals

cleavags
and POR amphfivation

dTa b

$ Kequencing adapioy
figation

_ Seifccnpiopwrdandty analsik
Sl algrenant 1 roforancs genorne)

Reforsngy S ha—
genowe .
ar or Uverhang prasent
.............. B & SRR | H

Cverhang prasem Overhang absent Ovarhang absent

FiG. 61

61/70



WO 2020/020174

PCT/CN2019/097329

I

hanky praney

i Fackio SMRT Seguencing

Mapping to reference genome " o~ Seif-camplamentaity analysis
ansd overhang deduction ﬂ,f" wOedthout alignment to reference genonm)

L
.-’”’f
F
;}mﬁ
b & i Eveessernnesc {3
Rafaranse B 4 b & b
IR
Be ar
Qvearhang absent
YN S i
£ g B <
ar
3 s &/ i
b ]

Overhanyg prasant

QOverhang absent

FIG. 62

62/70



WO 2020/020174 PCT/CN2019/097329

PiR-trestad DNA
§phopharplatad olige Q —e D
| ssDNA ligase
¥
s c—

i Bisullite tragiment

o : )

. e -
@ = = b
Single strand sequensing

{a) {b)

a8 \\ ﬁ
o
o
e
SMonning 16 relErence SEHORE fxf Seifcomplementarity analpsis
PAIRRING 10 TEIRTERLE RENOME howt sligrenet to reference genarael
and averhssxg{:&wmissmff N
& a,
RN §
Refarenoe T
gEsame
o ar
s & SR
RO .3 ————
Querhang sbsent
Overhang preset Overhang absent &
FIG. 63

63/70



WO 2020/020174

6400

PCT/CN2019/097329

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

6402
e

I

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

/‘6404

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

6406

I

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

6408

b

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

| 6410
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Circularizing a double-stranded nucleic acid
molecule using oligonucleotides having known
patterns, thereby producing a circular nucleic acid
molecule

Y

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

y

Aligning the first read and the second read 1o a
reference sequence or to each other

\ 4

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
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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

4
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 7T 6706
elongated second strand, wherein the sequencing
includes clonal amplification of the elongated second
strand

" 6704

A4

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
subsequent position
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