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Receiving a plurality of first data structures, each first data structure of the first
plurality of first dafa structures corresponding to g respective window of
nuclectides sequenced in a respective nucleic ackd maolecute of a plurality of
first nucleic acid molecules, where sach of the first nucleic acid molecules is
sequenced by measuring pulses in a signal coresponding to the nuclectides,
where a modification has a known first state in the nucleotide at a target
position in each window of each first nucleic acid molecule, each first data
sfructure comprising values for certain properties

- 1022

l

Storing a plurality of first training samples, each including one of the first
plurality of first dala structures and a first label indicating the first state for the
modification of the nuclectide at the targst position

. 1024

Receiving a secenﬂ ¥ us'ai ty af second dats structures, sach second dafa
structure of the second plurality of second data structures corresponding to a
respechive window of nucleotides sequenced in 3 respective nucleic acid
molecule of a plurality of second nucieic acid molecules, where the madification |
has a known sscond state in & nucleotide at a target position within each
window of each second nucleic acid molecule, each second data structure
comprnising values for the same properiies as the first plurahty of first data
sts‘ucmres

{ Btoring a plurality of sscond fraining samples, each including one of the second
plurality of second data structures and a second label indicating the second
; state for the modification of the nucleotide at the target position

Training & model using the plurality of first training samples and optionally the
plurality of second training samples, where an output of the modesl specifies
whather the nucleoctide at the target position in the respective window has the
maodification

FIG. 102
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Receiving an input data structure, the input data structure
corresponding fo a window of nucleotides sequenced in a sample
nucleic acid molecule, wherein the sample nucleic acid molecule is
segquenced by measuring pulses in an oplival signal corresponding
{0 the nudlsotide, the input data structure comprising values for the
foltowing properties:
for each nuclentide within the window:
an identity of the nucleotide,

a position of the nucleotide with respect 1o a target postion within
the respective window,

a width of the pulse corresponding o the nucleolide, and
an interpulse duration representing a time batween the pulse
corrasponding o the nucleotide and a pulse corresponding to a
neighboring nucleotide

L 1032

l

inpuiting the input data structure into a model

l

Determining, using the model, whether the modification is present
N a nucleotide at the target position within the window it the input
data sbructure

1038

FIG. 103
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PacBio sequencing
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Analyze DNA molecules from the biological sample to
1090 - identify their locations in a reference genome, to 1087
j determine respective alleles, and to determine
\ methylation status

,

. identify one or more heterozygous loci, each having a first allele w_, 1062
. on the first haplotype and a second allele on the second haplotype |

y

identify a first set of DNA molecudes, sach located af any
one of the heterozygous locl, including a respactive first 1093
aliele, and including at least one of N genomic sites
Determine a first methylation level of a first portion of a first 1004

haplotype

B s §
3 N
: N
: N
: N
: N

ldentify a second set of DNA molecules, each located atany
ane of the heterozygous logi, including a respective second |, 4005
allele, and including at least one of N genomic sites ‘

{

'

Determine a second methylation level of a first portion of a second
haplotype

'

Calculate a value of a parameter using the first methylation level  — 1087
and the second methylation level

;

1096

Compare the value of the parameter o a reference value ~ 1088
Determine a classification of a disorder in the organism using the | 1099
companson of the value of the parameter {o the reference values

FiG. 108
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4

Perform single molecule sequencing of a DNA maolecule o

obtained a sequence read that provides a methylation status at R 7,

gach of N sites, N being 5 or more, where the methylation statuses
of the sequence read form a methylation pattern

1

Slide the methylation pattern over one or more refersnce patiems
that correspond o chimeric molecules that have two portions from
two parts of a reference human genome, the one or mare
reference patterns including a change between methylated . 1234

statuses and unmethylated statuses

l

identify a match position between the mathylation pattern and a

first reference patiern of the one or more reference patterns, the

match position identifying a junction between the two parts of the
reference human genome in the sequence read

l

Qutput the junction as s location of a gene fusion in & chimeric
moleculs

1236

1238
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