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MULTIPLE-TIERED SCREENING AND ANALYSES

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001 ] This application claims the benefit of and prionty to U.S. Provisional Patent
Application No. 63/304,536 filed January 28, 2022, U.S. Provisional Patent Application No.
63/312,741 filed February 22, 2022, U.S. Apphcation No. 17/898,154 filed August 29, 2022,
the entire disclosure of cach which 1s hereby incorporated by reference in s entirety for all

PUIPOSCS.

ACKGROUND
{0002} Diagnostic technologies include simple, point of care (POC) tests applied to large
populations to wdentify relatively common diseases as well as complex, centralized tests
applied to select populations. However, although POC tests can be applied to large
populations, they are incapable of diagnosing individuals for rare health conditions at a high
gnough accuracy to be feasible for implementation. Sunilarly, although complex, centralized
testing can be deploved for rare population testing, such testing is often invasive, expensive,
and fails when applied for detecting rare health conditions in large patient populations. For
cxample, complex, centralized testing suffers from poor performance {e.g., high number of
false positives and/or low positive predictive value) when atiemipting to diagnose rare health
conditions in large patient populations.

SUMMARY

{0003} Disclosed herein are mothods involving a multiple tiered analysis for identifving
mdividuals with a health condition. In particular, the methods disclosed herein involving a
multiple ticred analysis are useful for identifying individuals from a large population (e.g.,
millions of individuals) who have a rare health condition. The multiple tiered analysis
mvolves a first screen, which ehiminates a large proportion of individuals who are identified
as not at risk for a health condition.
{0004] Disclosed herein is a tiered, muultipart method for detecting one or more early stage
cancers in a subject, comprising: performing an analvsis of sequence information of the
subject that has been obtained from a biological sample of the subject to identify whether the
subject is not at risk of having one or more of the early stage cancers; and then if the patient
has not been identified as not at risk: analyzing sequence information of the subject not
identified as vot at risk by performing a second analysis to detect the presence of at least one

specific cancer in the subject.
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{0003} Additionally disclosed herein is a tiered, multipart method for detecting a candidate
population of subjects having an early stage cancer out of a plurality of subjects, the method
comprising: for each of one or more subjects in the phurality of subjects: oblaining sequence
mformation derived from a first assay performed on a sample obtained from the subject;
performing an analysis of sequence information of the subject to wdentify whether the subject
1s not at risk of having one or more early stage cancers; responsive to not having identified
that the subject is not at risk for one or more carly stage cancers, obtaining sequence
information derived from a second assay performed on the sample or an additional sample
obtained from the subject to generate the sequence information derived from the second
assay; and perfornung an analysis of the sequence information denved from the second assay
for the subject to determine whether to include the subject 1o the candidate population. In
various embodiments, less than 10% of the plurality of subjects are not identified as not at
risk for one or more early stage cancers, wheretn performing the analysis of the sequence
information derived from the second assay is performed for the less than 10% of plurality of
subjects. In various embodiments, less than 3% of the plurality of subjects are not identified
as not at nisk for one or more early stage cancers, wheremn performing the analvsis of the
sequence mformation derived from the second assay 1s performed for the less than 5% of
plurality of subjects. In various embodiments, the tiered, multipart method that analyzes the
plurality of subjects across two or more tier of testing delivers improved performance as a
function of resource consumption in comparison to the single tier method. In various
embodiments, the tiered, multipart method that analyzes the plurality of subjects across two
or more tier of testing achicves an improved performance metrie in comparison o a single
tier method. In vanous embodiments, the tiered, multipart method that analvzes the plurahity
of subjects across two or more tier of testing achicves a sinlar or decreased performance
metric in comparison to a single tier method.

{0006} In various embodiments, the one or more of the carly stage cancers is fiftcon or more
different cancers. In various embodiments, the one or more of the carly stage or prechnical
phase cancers is a set of acute lymphoblastic leukemia, acute myeloid leukemuia,
adrenocortical carcinoma, soft tissue sarcoma, lymphoma, anal cancer, gastrointestinal
cancer, brain cancer, skin cancer, bile duct cancer, bladder cancer, bone cancer, breast cancer,
hung cancer, cardiac cancer, central nervous system cancer, cervical cancer, chropic
Iymphocytic leukemia, chronic myelogenous leukemia, chronic myeloproliferative

neoplasms, colorectal cancer, uterine cancer, esophageal cancer, head and neck cancer, eve
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cancer, fallopian tube cancer, galtbladder cancer, gasiric cancer, gemm cell tumor, gestational
trophoblastic cancer, hawry cell levkenua, liver cancer, Hodgkin lvmphoma, intraocular
melanoma, pancreatic cancer, kidney cancer, leukemia, mesotheboma, metastatic cancer,
mouth cancer, multiple endocrine neoplasia syndromes, multiple myeloma neoplasms,
myelodysplastic ncoplasms, ovarian cancer, parathyroid cancer, penile cancer,
pheochromocytoma, pituitary cancer, plasma celi neoplasm, primary peritoneal cancer,
prostate cancer, rectal cancer, retinoblastoma, sarcoma, small intestine cancer, testicular
cancer, throat cancer, thymoma and thyvmic carcinoma, thyroid cancer, urethral cancer,
plerine cancer, vaginal cancer, and vulvar cancer,

{8007} In various embodiments, the one or more of the early stage or prechinical phase
cancer is a single cancer type. In various embodiments, the single cancer type is any one of
acute lvmphoblastic leukemia, acute myelowd leukemia, adrenocortical carcinoma, soft tissue
sarcoma, lymphoma, anal cancer, gastromntestinal cancer, brain cancer, skin cancer, bile dact
cancer, bladder cancer, bone cancer, breast cancer, lung cancer, cardiac cancer, central
nervous systern cancer, cervical cancer, chronic lvraphocytic leukemia, chronic myelogenous
leukemia, chronic myeloproliferative neoplasms, colorectal cancer, uterine cancer,
esophageal cancer, head and neck cancer, eve cancer, fallopian tabe cancer, galibladder
cancer, gastric cancer, gorm coll tumor, gestational trophoblastic cancer, hairy cell leukemia,
tiver cancer, Hodgkin lymphoma, intraocular melanoma, pancreatic cancer, kidney cancer,
feukemia, mesothelioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia
syndromes, multiple myeloma neoplasms, myelodysplastic neoplasms, ovarian cancer,
parathyroid cancer, penile cancer, pheochromocytoma, pituitary cancer, plasma ccll
neoplasm, primary peritoneal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma,
small intestine cancer, testicudar cancer, throat cancer, thymoma and thymic carcinoma,
thyroid cancer, urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

{0008} In various embodiments, the carly stage cancer is a preclinical phase cancer. In
various embodiments, the preclinical phase cancer is stage 1 or stage H cancer. In various
embodiments, the method has more than a 70% ability to detect the at [east one of multiple
carly stage cancers. In vanous embodiments, the method has more than a 709 ability to
detect the at least one of multiple early stage cancers at more than 95%, more than 96%, more
than 97%, more than 98%, more than 99%, more than 99.5%, or more than 99 9% specificity.
{n vanious embodiments, the method achieves at least a 80%, at lcast a 81%, at least a 82%. at

least a 83%, at least a 84%, or at least a 85% positive predictive value when detecting the at
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least one of multiple early stage cancers. In various entboduments, the method achieves at
least a 95%, at least a 969, at teast a 7%, at least a 98%, at least a 99%, at least a 99.3%, or
at least a 99.4% negative predictive value when detecting the at least one of multiple early
stage cancers.

[B00%]  In various embodiments, performing the analvsis of the sequence information of the
subject to identify whether the subject is not at nisk has at least a 90%, at least a 95%, or at
least a 99% negative predictive value. In varous embodiments, the analyzing sequence
information of the subject to wdentify whether the subject bas a detectable cancer or precancer
has at least a 80%, at least a 81%, at least a 82%, at least a 83%, at least a 849, or at least a
85% positive predictive value. In various embodiments, the analyzing sequence information
of the subject to identify whether the subject has a detectable cancer or precancer has at least
a90%, at least a 91%, at least a 92%, at least a 93%, at least a 949, at least a 95%, at least a
96%, or at least a 97% negative predictive value.

10010} In various cmbodiments, the sequence information comprises mothylation sequence
mformation. In various embodiments, the methylation sequence information comprises
methvlation statuses for a plurality of genomic sites. In various embodiments, the plurality of
genonc sites comprise a phurality of CpG sites. In various embodiments, performing an
analysis of sequence information of the subject comprises applying a trained machine
leamning model.

{0811} In various embodiments, performing an analvsis of sequence information of the
subject further comprises: computing, for one or more instances of an analyte in a window of
a plurality of windows on a target region of the analyte, a metric specific for the window and
the target region; and analyzing, using the trained machine leaming model, at least the metric
specific for the window and the target region. In vanous embodiments, the metric specific
for the window and the target region comprises a proportion of a count of DNA fragments
baving a specitic count of methylated CpGs to a count of DNA fragments for the window of
the target region. In various embodiments, the metric specific for the window and the target
region comprises a proporiton of a count of DNA fragments having a specific pattern of
methylation to a count of DNA fragments for the window of the target region. In various
embodiments, computing the metric specific for the window and the target region comprises
performing a first function o quantify a count of occurrences of methylated CpGs within the
window of the target region. In various embodiments, computing the metric specific for the

window and the target region further comprises perfornung a second function to normalize
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the count of occurrences of methylated CpGs relative to a count of DNA fragments for the
window of the target region. In various embodunents, the window comprises between I and
100 CpG sttes. In various embodiments, the metric specific for the window and the target
region cCOmprises an input vector comprising proportions of DNA fragments having specific
counts of methvlated CpGs out of all possible CpG methylation patterns. In various
embodiments, the all possible methylation patterns are 2% possible pattems, where £ refers to
a number of Cp( sites i the window.

{0812} In various embodiments, the sequence mformation is obtained from an assay, wherein
the assay comprises performing one or more of: a. sequencing of nucleic acids in the sample;
b. hybud capture; ¢. methylation-specific PCR; d. an assay that generates methylation
information; and ¢. sequencing a clone hibrary generated from a teroplate immortalized
library.

{0813} in various embodiments, performing the assay that gencrates sequence information
comprises: obtaining bisulfitc converted cell free DNA (cfDNA); selectively amphifving
target regions of the bisulfite converted ¢fDNA; and sequencing amplicons comprising the
amplified target regions to generate the methylation information. In various embodiments,
the target regions of the bisalfite converted cfDNA comprise previously identified regions
that are differentially methylated in cancer.

{0614} In vanous embodiments, the target regions of the bisulfite converted ¢fDNA comprise
one or more CpQ islands or portions of one or more {pG islands shown i Tables 1-4. In
various carbodiments, the target regions of the bisulfite converted ¢fDNA comprise at most
10%, at most 20%, at most 30%, at most 40%, at most 30%, at most 5539%, at most 60%, at
most 65%, at most 70%, at most 75%, at most 80%, at most 85%, or at most 90% of CpG
islands or portions of Cp(G islands shown in any one of Tables 1-4. In various embodiments,
the target regions of the bisuifite converted cfDNA comprise 100, at most 130, at most 2090,
at most 300, at most 400, at most 500, at most 600, at most 700, at most 800, at most 900, at
most 1300, at most 1500, at most 2000, at most 2500, at most 3000, at most 3500, or at most
4000 CpG islands or portions of CpG islands selected from Tables 1-4. In various
crubodiments, analyzing sequence information of the subject not identified as not at risk
comprises analyzing sequence information generated from target regions comprising one or
more CpG islands or portions of one or more Cp(G islands shown in Tables 1-4. In various
embodiments, the target regions comprise at least 10%, at least 209, at least 30%, at least

40%, at least S0%, at least 559, at least 60%, at least 65%, at least 70%, at least 75%, at least
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0%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at lcast 94%, at least

95%, at least 96%, at least 97%

, at least 98%, or at least 99% of Cp( islands or portions of
CpG islands shown in any one of Tables 1-4. In various embodiments, the target regions
cormaprise at least 100, at least 130, at least 200, at feast 300, at least 400, at least 300, at least
600, at least 700, at least 800, at least 900, at least 1000, at least 15060, at least 2000, at least
2300, at least 3000, at Ieast 3500, at least 4000, at least 4500, at least 3000, at least 53500, or
at least 6000 CpG 1slands or portions of CpG islands selected from Tables 1-4. In various
embodiments, performing the second analysis comprises analyzing methvlation statuses of
more Cp( islands in comparison to a guantity of CpG islands analyzed when performing the
analysis of sequence mformation of the subject. In vartous embodiments, performing the
second analysis comprises analyzing methylation statuses of at least 5 times more CpG
islands 1o comparison to a quantity of CpG islands analyzed when performing the analysis of
sequence information of the sabject. In various embodiments, one or more of the Cp(G islands
analyzed when performing the analysis of sequence information of the subject represent a
subset of the Cp(G islands analyzed when perfornung the second analvsis. In various
embodiments, every Cp( island analyzed when performing the analysis of sequence
mformation of the subject is further analvzed when performing the second analysis. In
various emrbodiments, performing the second analysis comprises analyzing methylation
statuses of at least 500 Cpl islands, and wherein performing the analysis of sequence
mformation of the subject comprises analyzing methylation statuses of at least 100 CpG
islands.

{0015} In varnous cmbodiments, the target regions of the bisulfite converted ofDNA comprise
one or more UpG islands or portions of CpG islands shown m Tables 1-4. In vanous
embodiments, the biclogical sample is obtained from the subject while the subject is
asymptomatic. In various embodiments, the biological sample comprises any one of: a blood
sample, a stool saraple, a urine sample, a ncous sample, a saliva sample.

[0016] In various embodiments, the biclogical sample 13 a blood sample. In various
embodiments, the biological sample does not comprise an invasive biopsy sample. In various
embodiments, the assay performed on the biological sample processes one or more of:
nucleic acids; cell free DNA including selected CpGs with a selected methylation state; and
RNA. In various embodiments, the second analysis comprises whole genome sequencing,

optionally whole genome bisulfite sequencing.
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{0017} In various embodiments, methods disclosed herein further comprise determuning a
tissue of onigin of the at least one specific cancer i the subject using the sequence
mformation of the subject. In varions embodiments, methods disclosed herein further
comprise: perforning an analysis of additional sequence information of the subject that has
been obtained from an additional biological sample of the subject obtained subsequentto a
timepoint that the biological sample was obtained; determining one or more changes between
the additional sequence information of the subject and the sequence information; and
deternuning a progression of the at least one specific cancer in the subject based on the
determined one or more changes. In various embodiments, methods disclosed herein further
comprise: determining whether to provide an intervention to the subject based on the
determined progression of the at least one specific cancer. In various erabodiments,
determning one or more changes between the additional sequence information of the subject
and the sequence information comprises determining changes one or more changes in
methylation status across a plurality of genomic sites.

{0018} Additionally disclosed herein is a tiered, roultipart method for detecting a health
condition in a subject, compnising: performing an analvsis of sequence information of the
subject that has been obtained from a biological sample of the subject to 1dentify whether the
subject is not at risk of having the health condition; and then if the patient has not been
wdentified as not at risk: analyzing sequence mformation of the subject not identified as not at
risk by performing a sccond analysis to detect the presence of the health condition in the
subject. Additionally disclosed herein is a tiered, multipart method for detecting a health
condition in a subject, conprising: performing an analysis of marker information of the
subject that has been obtained from a biological sample of the subject to 1dentify whether the
subject is not af risk of having the health condition; and then if the paticnt has not been
identified as not at risk: analyzing sequence information of the subject not identified as not at
risk by performing a second avalysis to detect the presence of the health condition in the
subject. In varnous embodiments, marker information comprises quantitative levels of protein
biomarkers.

16019} Additonally disclosed hercin is a tiered, multipart method for improving the
probability a signal in a sample 1s authentic, comprnising: {(a) performing an analvsis of
sequence information of nucleic acids in the sample to determine whether the analysis
generates a result correlative with presence or absence of a human condition, and then if the

result 15 detected: (b) analyzing the sequence information of the nucleic acids in the sample
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by performiing second analvysis to determine if the second analysis generates the signal,
wherein if the signal is detected, then the probability the signal in the sample is authentic 1g
higher as compared to a probability that a signal 1s authentic when generated by an analogous
method, where the analogous method differs by omitting step {a).

{30208] In various embodiments, the method achieves at least a 20% positive predictive
value when detecting the at feast one of multiple carly stage cancers. In various embodimenis,
the method achicves at least a 40% positive predictive value when detecting the at least one
of multiple carly stage cancers. In various embodiments, the method achieves at least a 60%
positive predictive value when detecting the at least one of multiple early stage cancers. In
various embodiments, the method achieves at least a 80%, at least a £1%, at lcast a 82%, at
least a 83%, at least a 84%, or at least a 85% positive predictive value when detecting the
health condition. In various embodiments, the health condition 1s a disease risk. In various
embodiments, the health condition is a rare disease or disorder. In various embodiments, the
health condition has an incidence of 1in 100, 1 1,000, I m 10,000 mdividuals, 1 in
100,000 individuals, § m 1,000,000 individuals, 1 in 10,000,000 individuals, or | in
100,000,000 mdividuals.

{8021} Additionally disclosed herein is 3 method for diagnosing a subject with at least one
of multiple cadly stage cancers, the method comprising: obtaining sequence information
derived from a first assay performed on a sample obtained from the subject; perforning a
screen by analyzing the sequence information to classify the subject as at risk for one or more
multiple carly stage cancers or not at risk for one or more multiple carly stage cancers;
responsive 1o a classification of the subject as at sk for one or more multiple carly stage
cancers, obtaining sequence information derived from a second assay performed on the
sample or an additional sample obtained from the subject to generate the sequence
mformation derived from the second assay; and performing a diagnostic analysis of the
sequence information derved from the second assay for the subject to further classify the
subject at risk for one or more multiple early stage cancers as a candidate subject for
monitoring or treatment. Additionally disclosed herein is 2 method for diagnosing a subject
at risk for at least one of multiple carly stage cancers, the method comprising: obtaining
sequence mformation derived from a first assay performed on a sample obtained from the
subject; performing a screen by analyzing the sequence mformation to classify the subject as
at risk for one or more multiple carly stage cancers or not at risk for onc or more multiple

carly stage cancers; if the subject is classified as not at risk for one or more multiple carly
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stage cancers, reporting that the subjoct 1s not at nisk for one or more muktiple carly stage
cancers; if the subject is claswified as at risk for one or more multiple early stage cancers:
obtaining sequence information derived from a second assay performed on the sample or an
additional samplc obtained from the subject to generate the sequence information derived
from the second assay; and performing a diagnostic analvsis of the sequence information
derived from the second assay for the subject to further classify the subject at nsk for the one
or more multiple early stage cancers as a candidate subjoct for monitoring,.

{0022} Additionally disclosed herein is a method for identifying a candidate population of
subjects having an early stage cancer for enrollment in a clinucal trial, the method comprising:
for cach of one or more subjects in a plurality of subjects: obtaining sequence information
derived from a first assay performed on a sample obtained from the subject; perforning a
screen by analyzing the sequence information to classify the subject as at risk for one or more
multiple early stage cancers or not at risk for one or more multiple early stage cancers;
responsive o a classification of the subjeet as at sk for one of multiple carly stage cancers,
obtaining sequence information derived from a second assay performed on the sample or an
additional sample obtained from the subject to generate the sequence mformation derived
from the second assay; and performing a diagnostic analysis of the sequence information
derived from the sccond assay for the subject to further classify the subject at risk for one or
more multiple early stage cancers as a candidate subject for inclusion in the candidate
population. In various embodiments, less than 10% of the plurality of subjects are not
identificd as not at risk for one or more early stage cancers, wherein performing the analysis
of the scquence formation derived from the second assay is performed for the less than 10%
of plurality of subjects. In various embodiments, less than 5% of the plurality of subjects are
not identified as not at risk for one or more carly stage cancers, wherein performing the
analysis of the sequence information derived from the second assay is performed for the less
thaw 5% of plurality of subjects. I various embodiments, the tiered, multipart method that
analyzes the plurality of subjects across two or more fier of testing delivers improved
performance as a function of resource consumption in comparison to the single tier method.
In various crobodiments, the ticred, multipart method that analyzes the plurality of subjects
across two or more tier of testing achieves an improved performance metric in comparison to
a single tier method. In vartous embodiments, the tiered, multipart method that analyzes the
plurality of subjects across two or more tier of tfesting achieves a similar or decreased

performance metric 1o comparison o a single tier method.
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16023} In vanous embodiments, the sequence information derived from the first assay
comprises methvlation sequence mformation. In various embodiments, the methylation
sequence mformation derived from the first assay comprises methylation statases for a
plurality of genomic sites. In various embodiments, the plurality of genomuc sites comprise a
plurality of Cp(G sites. In various embodiments, performing a screen by analyzing the
obtamned sequence mformation derived from the first assay comprises applying a tramned
machine learning model. In varicus embodiments. the sequence information derived from the
second assay comprises methvlation sequence information. fn various embodiments, the
methyviation sequence information from the second assay comprises methylation statuses for a
plurality of genomic sites identified as relevant for the subject. In various embodiments, the
plurality of genomic sites comprise a plurality of Cp(G sites. In various embodiments,
performing a diagnostic analysis of the obtained sequence information derived from the
second assay comprises applying a trained machine learning model.

{0024} In various embodiments, performing an analvsis of sequence information of the
subject further comprises: computing, for one or more mstances of an analvie in a window of
a plurality of windows on a target region of the analyte, a metric speaific for the window and
the target region; and analyzing, using the tramned machine learning model, at least the metric
specific for the window and the target rogion. In various embodiments, the metric specific for
the window and the target region comprises a proportion of a count of DNA fragments
having a specific count of methylated CpGs to a count of DNA fragments for the window of
the target region. In various embodiments, the metric specific for the window and the target
region comprises a proportion of a count of DNA fragments having a specific patiern of
methvlation o a count of DNA fragments for the window of the target region. In various
embodiments, computing the metric specific for the window and the target region comprises
performing a first finction to quantify a count of occurrences of methylated CpGs within the
window of the target region. In various embodiments, computing the metric specific for the
window and the target region further comprnises performing a second function to normalize
the count of occurrences of methylated CpGs relative to a count of DNA fragments for the
window of the target region. In various emboduments, the window comprises between § and
100 CpG sites. In vanious embodiments, the metric specific for the window and the target
region comprises an input vector comprising proportions of DINA fragments having specific

counts of methylated Cpiss out of all possible CpG methylation patterns. In various
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embodiments, the all possible methyvlation pattems are 2% possible patterns, where k refers to
anumber of Cps sites in the window.

{0028] In various embodiments, obtaining sequence information derived from the first assay
comprises: performing or having performed the first assay to generate the sequence
mformation derived from the first assay. In various embodiments, performing or having
performed the first assay comprises performing or having performed one or more of a.
sequencing of nucleic acids in the sanmple; b hybnd capture; ¢. methylation~specific PCR;
d. an assay that generates methylation mformation; and e. sequencing a clone library
gencrated from a template immortalized library.

{0026} In various embodiments, performing the assay that generates sequence information
comprises: obtaining bisultite converted cell free DNA (cfDNA); selectivelv amplifying
target regions of the bisalfite converted ¢fDNA; and sequencing amplicons comprising the
amplified target regions to gencrate the methylation information. In various embodiments, the
target regions of the bisulfite converted ¢fDNA comprise previously identified regions that
are differentially methylated in cancer.

{00271 In varicus embodiments, the target regions of the bisalfite converted cfDNA comprise
at most 10%, at most 20%. at most 30%, at most 40%, at most 50%, at most 55%, at most
60%, at most 63%, at most 70%, at most 73%, at most 80%, at most 83%, or at most 90% of
CpG slands or portions of CpG islands shown i any one of Tables 1-4. Tn various
embodiments, the target regions of the bisolfite converted ¢fDNA comprise 100, at most 150,
at most 200, at most 300, at most 400, at most 500, at most 600, at most 700, at most 800, at
most 900, at most 1000, at most 1500, at most 2000, at most 2500, at most 3600, at most
3500, or at most 4000 CpG islands or portions of CpG islands selected from Tables 1-4. In
various embodiments, performing the diagnostic analysis of the sequence information derived
from the second assay comprises analyzing sequence information generated from target
regions comprising one or more Cpl islands or portions of one or more CpG islands shown
i Tables 1-4. In various embodiments, the target regions comprise at least 10%, at least 20%,

at least 30%. at least 40%, at least 50%, at least $5%, at least 60%, at least 65%, at least 70%.

at fleast 75%, at least 80%, at feast 859, at least 0%, at least 91%, at least 92%, at lcast 93%,
at least 94%, at Teast 95%, at least 969, at least 97%, at least 98%, or at least 99% of CpG
islands or portions of Cp(G islands shown in any one of Tables 1-4. In various embodiments,
the target regions comprise at least 100, at least 150, at least 200, at feast 300, at least 400, at

least 500, at least 600, at least 700, at least 800, at feast 900, at least 1000, at least 1500, at
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feast 2000, at least 2500, at least 3000, at least 3500, at least 4000, at least 4500, at least
5000, at least 5500, or at least 6000 CpG 1slands or portions of CpG islands selected from
Tables 1-4. In various embodiments, performing the diagnostic analvsis of the sequence
mformation derived from the second assay coraprises analyzing methylation statuses of more
CpG islands in comparison to a gquantity of CpG islands analvzed when performing the screen
of the subject. In various embodiments, performing the diagnostic analysis of the sequence
formation derived from the second assay comprises analyzing methylation statuses of at
feast 5 times more CpG islands 10 comparison to a quantity of Cp( islands analyzed when
performing the screen. In vanous embodiments, one or more of the CpG 1slands analyzed
when performing the screen represent a subset of the UpG islands analyzed when performing
the diagnostic analysis. In varnious embodiments, every CpG island analyzed when
performing the screen s further analyzed when performng the diagnostic analysis. In various
embodiments, performing the diagnostic analysis comprises analyzing methylation statuses of
at least 500 CpG islands, and whercin pecforming the screen comprises analyzing
methylation statuses of at least 100 CpG islands.

{8028} In vanous embodiments, the target regions of the bisulfite converted ¢fDINA comprise
one or more CpQ islands or portions of one or more CpG islands shown m Tables 1-4. In
various cmrbodiments, the sample or additional sample is obtamed from the subject while the
subject is asymptomatic. In various embodiments, the sample or additional sample comprises
any one of a blood sample, a stool sample, a urine sample, a mucous sample, a saliva sample.
In various embodiments, the sample or the additional sample are blood samples. in various
embodiments, the first assay performed on the sample or the second assay performed on the
sample or the additional samiple processes one or more of: nucleic acids; cell free DNA
inchiding selected CpGs with a selected methylation state; and RNA.

{0029} In various embodiments, a cost of the second assay is greater than a cost of the first
assay. In various embodiments, the second assay comprises whole genome sequencing. In
various embodiments, the whole genome sequencing comprises whole genome bisulfite
sequencing. fn vanous embodiments, the diagnostic analysis achieves a higher sensitivity at a
higher specificity in comparison to the screen. In various embodiments, methods disclosed
herein further comprise determining a tissue of origin of the at least one specitfic cancer in the
subject using the sequence information of the subject. In various embodiments, methods
disclosed hercin further comprise: performing an analysis of additional sequence mformation

of the subject that has been obtained from an additional biological sampie of the subject
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obtained subseguent to a tunepoint that the biological sample was obtained; deterraining one
or more changes between the additional sequence information of the subject and the sequence
mformation; and determining a progression of the at least one specific cancer in the subject
based on the determined one or more changes. Tn various embodunents, methods disclosed
herein further comprise: determining whether to provide an intervention to the subject based
on the determined progression of the at least one specific cancer.

{0630 In various embodiments, determining one or more changes between the additional
sequence information of the subject and the sequence mformation comprises determining
changes one or more changes 1n methylation status across a plurality of genomic sites. In
various embodiments, methods disclosed herein further comprise: for each of one or more
other subjects in the plurality of subjects: obtaining sequence information derived from a first
assay performed on a sample obtained from the subject; performing a screen by analyvzing the
sequence mnformation to classify the subject as at risk for one or more mudtiple early stage
cancers or nnot at risk for one or more multiple carly stage cancers; and responsive to a
classification of the subject as not at visk for one or more multiple carlv stage cancers,
reporting that the subject 1s not at risk for one or more multiple early stage cancers and
withholding the subject from the candidate population. In various embodiments, methods
disclosed hercin further comprise: obtaining sequence information derived from a third assay
performed on a vet additional sample obtained from the subject; and performing a diagnostic
analysis of sequence information derived from the third assay for the subject to further
classify the subject.

{6031} In vanous embodiments, the obtaned sequence information derived from the thard
assay comprises methylation sequence wformation. In various embodiments, the methylation
sequence mformation comprises methylation statases for a plurality of individually
mformative sites for the subject. In various embodiments, the yet additional sample is
obtained at a differcot time than a time that ctther the sample or additional sample were
obtained. In vanous embodiments, the one or more multiple carly stage cancers 1s fiflcen or
more different cancers. In various embodiments, the one or more multiple early stage cancers
is a set of acute lymphoblastic leukemia, acute myeloid leukenua, adrenocortical carcinoma,
soft tissue sarcoma, lymphoma, anal cancer, gastrointestinal cancer, brain cancer, skin cancer,
bile duct cancer, bladder cancer, bone cancer, breast cancer, lung cancer, cardiac cancer,
central nervous system cancer, cervical cancer, chronic lymphocytic leukemia, chronic

myelogenous leukemia, chronic myeloproliforative nooplasms, colorectal cancer, uterine
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cancer, esophageal cancer, head and neck cancer, eye cancer, fallopian tube cancer,
gallbladder cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, hairy
cell leukenua, liver cancer, Hodgkin lymphoma, infraocular melanoma, pancreatic cancer,
kidney cancer, leukemia, mesothehioma, metastatic cancer, mouth cancer, multiple endocrine
neoplasia syndromes, multiple myeloma neoplasms, myelodysplastic neoplasms, ovarian
cancer, parathyroid cancer, penile cancer, pheochromocytoma, pituitary cancer, plasma ¢ell
neoplasm, primary peritoneal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma,
small intestine cancer, testicular cancer, throat cancer, thymoma and thymic carcinoma,
thvroid cancer, urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

{8032} In various embodiments, the one or more multiple early stage cancers s a single
cancer type. In various embodiments, the single cancer type is any one of acute lymphoblastic
leukemia, acute myeloid levkenua, adrenocortical carcinoma, soft tissue sarcoma, lymphoma,
anal cancer, gastrointestinal cancer, brain cancer, skin cancer, bile duct cancer, bladder
cancer, bone cancer, breast cancer, lung cancer, cardiac cancer, contral nervous system
cancer, cervical cancer, chronic lymphocytic leukemia, chronic myelogenous leukenua,
chronic myeloproliferative neoplasms, colorectal cancer, uterine cancer, esophageal cancer,
head and neck cancer, eve cancer, fallopian tube cancer, gallbladder cancer, gastric cancer,
germ cell tumor, gestational trophoblastic cancer, hatry cell leukenua, liver cancer, Hodgkin
tvmphoma, intraccular melanoma, pancreatic cancer, kidnev cancer, leukemia, mesothelioma,
metastatic cancer, mouth cancer, multiple endocrine neoplasia syndromes, multiple myeloma
neoplasms, myelodysplastic neoplasms, ovarian cancer, parathyroid cancer, penile cancer,
pheochromocytoma, pituitary cancer, plasma cell neoplasm, primary peritoncal cancer,
prostate cancer, recial cancer, retinoblastoma, sarcoma, small intestine cancer, testicular
cancer, throat cancer, thymoma and thymic carcinoma, thyroid cancer, wrethral cancer,
uterine cancer, vaginal cancer, and vulvar cancer. In various embodiments, the carly stage
cancer is a preclinical phase cance

{B033] In various embodiments, the preclinical phase cancer 1s stage T or stage I cancer. In
various embodiments, the method has more than a 70% ability to detect the at least one of
multiple carly stage cancers at more than 95%, more than 96%, more than 97%, more than
98%, more than 9%, more than 99.5%, or more than 99.9% specificity. In various
embodiments, the method achieves at least a 80%, at least a 81%, at least a 82%, at least a
83%, at least a 84%, or at least a 85% posttive predictive value when detecting the at feast

one of nwltiple carly stage cancers. In various crobodiments, the method achioves at least a
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5%, at least a 96%, at least a 97%, at least a 98%, at least a 99%, at lcast a 99.3%, or at least
a 99 4% negative predictive value when detecting the at least one of multiple early stage
cancers. In vanous embodiments, the screen has at least a 90%, at least 4 95%, or at least a
99% negative predictive value. In vanous embodiments, the diagnostic analysis has at feasta
8%, at least a 81%, at least a 82%, at least a 83%, at least a 849, or at least a 85% positive
predictive value. In varnous embodiments, the diagnostic analvsis has at least a 90%, at least a
G1%, at least a 92%, at least a 93%, at least a 94%, at least a 95%, at lecast a 96%, orat leasta
97% negative predictive value.

{0034} Additionally disclosed herein 15 a non-transitory computer readable medium
comprising instructions that, when executed by a processor, cause the processor to: perform
an analysis of sequence information of the subject that has been obtained from a biological
sample of the subject to identify whether the subject 1s not at risk of having one or more of
the early stage cancers; and then if the patient has not been identified as not at risk: analyze
the sequence information of the subjoct not identified as not at risk by performing a second
analysis to detect the presence of at least one specific cancer in the subject. In various
embodiments, the one or more of the early stage cancers is fifteen or more different cancers.
In various embodiments, the one or more of the carly stage or preclinical phase cancers is a
set of acute lymphoblastic loukemia, acute myeloid leukemia, adrenocortical carcinoma, soft
tissue sarcoma, lvmphoma, anal cancer, gastromiestinal cancer, brain cancer, skin cancer, bile
duct cancer, bladder cancer, bone cancer, breast cancer, hing cancer, cardiac cancer, contral
nervous system cancer, cervical cancer, chronic lymphooytic leukemia, chronie myelogenous
cukenua, chronic myeloproliferative neoplasms, eolorectal cancer, uterine cancer,
csophageal cancer, head and neck cancer, eve cancer, fallopian tube cancer, gallbladder
cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, hairy cell leukemia,
liver cancer, Hodgkin lymphoma, intraocular melanoma, pancreatic cancer, kidney cancer,
leukemia, mesothelioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia
syndromes, multiple myeloma neoplasms, myelodvsplastic neoplasms, ovarian cancer,
parathyroid cancer, penile cancer, pheochromocyioma, pituitary cancer, plasma cell
neoplasm, primary peritoneal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma,
small infestine cancer, testicular cancer, throat cancer, thyvmoma and thymic carcinoma,
thyvroid cancer, urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

{0035] In various embodiments, the one or more of the carly stage or prechinical phase

cancer 18 a single cancer tvpe. In various embodiments, the single cancer type is any one of
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acute lymaphoblastic leukemia, acute myeloid leukenua, adrenocortical carcinoma, soft tissue
sarcoma, lvmphoma, anal cancer, gastrointestinal cancer, brain cancer, skin cancer, bile duct
cancer, bladder cancer, bone cancer, breast cancer, hang cancer, cardiac cancer, central
nervous system cancer, cervical cancer, chronic lyvmphocytic leukenua, chronic myelogenous
leukemia, chronic myeloproliferative neoplasms, colorectal cancer, uterine cancer,
esophageal cancer, head and neck cancer, eve cancer, fallopian tube cancer, gallbladder
cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, hatry cell leukemia,
hver cancer, Hodgkin lymphoma, intrancular melanoma, pancreatic cancer, kidney cancer,
leukemia, mesothelioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia
syndromes, multiple myeloma neoplasms, myelodysplastic neoplasms, ovanan cancer,
parathyroid cancer, penile cancer, pheochromocytoma, pituttary cancer, plasma cell
neoplasm, primary peritoncal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma,
small intestine cancer, testicalar cancer, throat cancer, thymoma and thymic carcinoma,
thyroid cancer, urethral cancer, uterine cancer, vaginal cancer, and vualvar cancer. In various
embodiments, the early stage cancer is a prechinical phase cancer In various embodiments,
the preclinical phase cancer is stage 1 or stage If cancer.

[8036] In various embodiments, the performance of the analysis and the analysis of the
sequence mformation has more than a 70% ability to detect the at least one of multiple early
stage cancers. In various embodiments, the performance of the analysis and the analysis of
the sequence information has more than 8 70% ability to detect the at least one of multiple

Y4

carly stage cancers at more than 95%, more than 96%, more than 97%, more than 98%, more

than 99%, more than 99.3%, or more than 99.9% specifictty. In various embodiments, the
performance of the analvsis and the analvsis of the sequence information achieves at least a
80%, at least a 81%, at least a 82%, at least a 83%, at least a 84%, or at least a 85% positive
predictive value when detecting the at least one of multiple eardy stage cancers. In various
crobodiments, the performance of the analysis and the analysis of the sequence information
achieves at least a 95%, at least a 9696, at feast a 97%, at least a 98%, at least a 99%, at least a
§9.3%, or at least a 99 4% negative predictive value when detecting the at least one of
multiple carly stage cancers. In various embodiments, the performance of the analysis has at
least a 90%, at least a 95%, or at least a 99% negative predictive value. In various
embodiments, the analysis of the sequence information to identify whether the subject has a

G/

detectable cancer or precancer has at least a 80%, at least a 81%, at least a 82%, at least a

83%, at least a 84%, or at least a 85% positive predictive value. In various emboduments, the
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avalysis of the sequence information to identify whether the subject has a detectable cancer or
precancer has at least a 90%, at least a 91%, at least a 929, at least a 93%, at least a 94%, at
least a 95%, at least a 96%, or at least a 97% negative predictive vahie.

{0037} In various emabodiments, the scquence mtormation comprises methvlation sequence
mformation. In various embodiments, the methviation sequence information comprises
methylation statases for a plurality of genomic sites. In various embodiments, the phurality of
genomic siies comprise a plurality of Cpés sites. In various embodiments, the instructions that
cause the processor to perform an analysis of sequence information of the subject comprises
further comprises mstructions that, when executed by the processor, cause the processor to
apply a trained machine leaming model.

{0038] In various embodiments, the instractions that cause the processor to perform an
analysis of sequence mformation of the subject further comprises instructions that, when
exccoted by the processor, cause the processor to: compute, for one or more instances of an
analyte in a window of a plurality of windows on a target region of the analyte, a metric
specific for the window and the target region; and analyze, using the tramed machine learning
model, at least the metric specific for the window and the target region. In various
embodiments, the metric specific for the window and the target region comprises a proportion
of a count of DNA fragmenis having a specific count of methviated CpGs to a count of DNA
fragments for the window of the target region. In various embodiments, the metric specific
for the window and the target region comprises a proportion of a count of DNA fragments
having a specific pattemn of methylation to a count of DNA fragments for the window of the
target region. In various embodiments, the instructions that cause the processor to compute
the metric specific for the window and the target region further comprises structions that,
when executed by the processor, caase the processor to perform a first function to quantify a
count of occurrences of methylated CpGs within the window of the target region. In various
crobodiments, the mstructions that cause the processor to compute the metric specific for the
window and the target region further comprises instructions that, when executed by the
processor, cause the processor to perform a second function to normalize the count of
occurrences of methylated CpGs relative to a count of DNA fragments for the window of the
target region. In various embodiments, the window comprises between 1 and 100 Cp( sites.
In various embodiments, the metric specific for the window and the target region comprises
an input vector comprising proportions of DNA fragments having specitic counts of

methyvlated CpGs out of all possible CpG methylation patterns. In vartous embodiments, the
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all possible methylation patterns are 2% possible patterns, where k refers to a number of CpG
sites in the window.

[03%9] In various embodiments, the sequence information is obtamed from an assay,
wherein the assay comprises performing one or more of. a. sequencing of nucleic acids in the
sample; b. hybrid captare; ¢. methylation-specific PCR; d. an assay that generates
methyviation information; and ¢. sequencing a clone library generated from a template
immortalized library. To various embodiments, performing the assay that generates sequence
mformation comprises: obtaining bisulfite converted cell free DNA (¢fDNA); sclectively
amplifving target regions of the bisulfite converted ofDNA; and sequencing amphicons
comprising the amplified target regions to generate the methylation information.

00440} In vanous cmbodiments, the target regions of the bisulfite converted ¢fDNA comprise
previously identified regions that are differentially methyvlated in cancer. In various
cmbodiments, the target regions of the bisulfite converted ofDNA comprise one or more CpG
islands or portions of one or more Cp( 1slands shown i Tables 1-4. In various
embodiments, the target regions of the bisulfite converted ¢fDNA comprise at most 10%, at
most 20%, at most 30%, at most 40%, at most 50%, at most 55%, at most 60%, at most 65%,
at most 70%, at most 75%, at most 80%, at most 85%, or at most 90% of CpG islands or
portions of CpQ islands shown i any one of Tables 1-4. In various erabodiments, the target
regions of the bisulfite converted ¢fDNA comprise 100, at most 150, at most 200, at most
300, at most 400, at most 500, at most 600, at most 700, at most 860, at most 900, at most
1000, at most 1500, at most 2000, at most 2500, at most 3000, at most 3500, or at most 4000
CpG islands or portions of CpG islands selected from Tables 1-4. In various embodiments,
analyzing sequence information of the subject not identified as not at risk comprises
analyzing sequence information generated from target regions comprising one or more CpG
islands or portions of one or more CpG islands shown 1 Tables -4, In various embodiments,
the target regions comprise at least 10%, at least 20%, at least 309, at least 40%, at least
50%, at least 55%, at least 6%, at least 63%, at least 70%, at icast 75%, at least 80%, at least
85%, at least 90%, at least 919%, at least 92%, at least 93%. at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% of CpG 1slands or portions of CpG slands
shown in any one of Tables 1-4. In various embodiments, the target regions comprise at least
100, at least 150, at least 200, at least 300, at least 400, at least 500, at least 600, at least 700,
at least 800, at least 900, at least 1000, at least 1500, at least 2000, at least 2500, at least

3000, at least 3500, at teast 4000, at least 4500, at least 5000, at least 500, or at least 6000
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Cp( slands or porticns of CpG slands sclected from Tables 1-4, In various crobodiments,
performing the second analysis comprises analyzing methylation statuses of more Cp(
islands in comparison to a quantity of Cp( islands analyzed when performing the analysis of
sequence mformation of the subject. In vanous crubodiments, performing the second analysis
comprises analyzing methvlation statuses of at least 5 times more CpG islands in comparison
to a gquantity of Cp( islands analyzed when performing the analysis of sequence information
of the subject. In various embodiments, one or more of the CpG islands analyzed when
performing the analvysis of sequence nformation of the subject represent a subset of the CpG
islands analyzed when performing the second analvsis. In various emmbodiments, every CpG
island analyzed when performing the analysis of sequence information of the subject is
further analyzed when performing the second analysis. In various embodiments, performing
the second analysis comprises analyzing methylation statuses of at least 500 CpG islands, and
wheretn performing the analvsis of sequence information of the subjoct comprises analyzing
methylation statuses of at feast 100 CpG islands.

{06041} In various cmbodiments, the biclogical sample is obtained from the subject while the
subject is asymptomatic. In various embodiments, the biclogical sample comprises any one
of: a blood sample, a stool sample, a urine sample, a mucous sample, 3 saliva sample. In
various emrbodiments, the biclogical sample is a blood sample. In various emmbodiments, the
biological sample does not comprise an invasive biopsy sample. In various embodiments, the
assay performed on the biclogical sample processes one or more of: pucleic acids; cell free
DNA inclading selected CpGs with a selected methylation state; and RNA.

[0042] In various embodiments, the seccond analysis comprises whole genome scquencing,
optionally whole genome bisulfite sequencing. In various embodiments, the non-transitory
computer readable medium further comprising instructions that, when executed by the
processor, cause the processor to determine a tissue of origin of the at least one specific
cancer 1o the subject using the sequence information of the subject. In various embodiments,
the non-transitory compuier readable medinm further comprising imstructions that, when
gxocuted by the processor, cause the processor to: perform an analysis of additional sequence
information of the subject that has been obtained from an additional biological sample of the
subject obtained subsequent to a timepoint that the biological sample was obtained; determine
one or more changes between the additional sequence wformation of the subject and the
sequence nformation; and determine a progression of the at ieast one specific cancer in the

subject based on the deternuned one or more changes. In vartous embodiments, the non-~
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transitory computer readable medivm further comprising mstructions that, when executed by
the processor, cause the processor to: determine whether to provide an intervention to the
subject based on the determined progression of the at least one specific cancer. In various
cmbodiments, the mstructions that cause to processor to deternine one or more changes
between the additional sequence information of the subject and the sequence information
further comprises mstructions that, when executed by the processor, cause the processor to
determine changes one or more changes in methylation status across a plurality of genomic
sties.

{0043} Additionally disclosed herein 15 a non-transitory computer readable medium
comprising instructions that, when executed by a processor, cause the processor to: perform
an analysis of sequence information of the subject that has been obtained from a biological
sampile of the subject to identify whether the subject 1s not at risk of having the health
condition; and then if the patient has not been identified as not at risk: analyze the sequence
information of the subjoct not identified as not at risk by performing a sccond analysis to
detect the presence of the health condition in the subject. Additionally disclosed hercinis a
non-transttory computer readable mediwm comprising instructions that, when executed by a
processor, canse the processor to: perform an analysis of marker information of the subject
that has been obtained from a biological sample of the subject to identify whether the subjoct
1s not at risk of having the health condition; and then if the patient has not been identified as
not at risk: analyze sequence information of the subject not identified as not at rigk by
performing a second analysis to detect the presence of the health condition in the subject. In
various embodiments, marker information comprises quantitative levels of protein
biomarkers.

{0044} Additionally disclosed herein is 3 non-transitory computer scadable medium
comprising instructions that, when executed by a processor, cause the processor to: {a}
perform an analysis of sequence information of nucleic acids in the sample to determine
whether the analysis generates a result correlative with presence or absence of a human
condition, and then if the result is detected: (b) analyze the sequence information of the
nucletc acids 1o the sample by performming a second analysis to determine if the second
analysis generates the signal, wherein 1t the signal is detected, then the probability the signal
i the sample is authentic 1s higher as compared to a probability that a signal 1s authentic
when generated by an analogous method, where the analogous method differs by omitting

step (a).
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{0048} In various emboduments, the sicps performed by the processor achieves at least a
20% positive predictive value when detecting the at least one of multiple carly stage cancers.
In various embodiments, the steps performed by the processor achieves at least a 46%
postiive predictive value when detecting the at least one of multiple carly stage cancers. In
various embodiments, the steps performed by the processor achieves at least a 60% positive
predictive value when detecting the at least one of multiple carly stage cancers. In various
embodiments, the steps performed by the processor achicve at least a 80%, at least a 81%, at
feast a 82%, at lcast a 83%, at least a 849, or at least a 859 positive predictive value when
detecting the health condition. In various embodiments, the health condition 1s a disease nisk.
In vartous embodiments, the health condition is a rare discase or disorder. In various
cmbodiments, the health condition has an incidence of 1 m 100, 11 1,000, 1 in 10,000
mdividuals, Tin 100,000 individuals, | m 1,000,000 mdividuals, 1 in 10,000,000 individuals,
or 1 in 100,000,000 individoals.

[0046] Additionally disclosed herein is a non-transitory computer readable medium
comprising instructions that, when executed by a processor, cause the processor to: obtain
sequence mformation derived from a fivst assay performed on a sample obtained from a
subject; perform a screen by analyzing the sequence information to classify the subject as at
risk for a health condition or not at risk for a health condition; responsive to a classification
of the subject as at risk for a health condition, obtain sequence information derived from a
second assay performed on the sample or an additional sample obtained from the subject to
generate the sequence mformation derived from the second assay; and performing a
diagnostic analysis of the sequence information dertved from the second assay for the subject
to further classify the subject at risk for the health condition as a candidate subject for
monitoring. Additionally disclosed herein is a non-transitory computer readable medium
comprising instructions that, when executed by a processor, cause the processor to! obtain
sequence information derived from a fust assay perforraed on a sample obtained from the
subject; perform a screen by analyzing the sequence information to classify the subject as at
risk for the health condition or not at risk for the health condition; if the subject is classified
as not at risk for the health condition, report that the subject is not at risk for the health
condition; 1f the subject 1s classified as at nisk for the health condition: obtain sequence
mformation derived from a second assay performed on the sample or an additional sample
obtained fron the subject to generate the sequence formation derived from the second

assay; and perform a diagnostic analysis of the sequence information derived from the second
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assay for the subject to further classifv the subject at visk for the health condition as a
candidate subject for monitoring.

{8047} Additionally disclosed herein is 3 non-transitory computer readable medium
comprising mstructions that, when executed by a processor, cause the processor to: for cach
of one or more subjects in a plurality of subjects: obtan sequence information denved from a
first assay performed on a sample obtained from the subject; perform a screen by analyzing
the sequence information to ¢lassify the subject as at risk for a health condition or not at risk
for a health condition; responsive to a classification of the subject as at risk for a health
condition, obtain sequence information derived from a second assay performed on the sample
or an additional sample obtained from the subject to generate the sequence information
derived from the second assay; and perform a diagnostic analysis of the sequence information
derived from the second assay for the subject to further classify the subject at nisk for a health
condition as a candidate subject for inclusion i the candidate population.

10048] Additionally disclosed herein is a system comprising: a processor; a data storage
comprising sequence mformation that has been obtained from a biclogical sample of 3
subject; a non-transitory computer readable medium compnsing instructions that, when
executed by the processor, canse the processor to: perform an analysis of sequence
mformation of the subject that has been obtained from a biological sample of the subject to
wdentify whether the subject 18 not at risk of having one or more of the carly stage cancers;
and then if the patient has not been identified as not at nisk: analyze the sequence information
of the subject not identified as not at risk by performing a second analysis to detect the
presence of at least one specific cancer in the subject. In various crobodiments, the one or
more of the early stage cancers is fificen or more different cancers. In various embodiments,
the one or more of the carly stage or preclinical phase cancers is a set of acute fymphoblastic
leukemia, acute myeloid leukenua, adrenocortical carcinoma, soft tissue sarcoma, fymphoma,
anal cancer, gastrointestinal cancer, brain cancer, skin cancer, bile duct cancer, bladder
cancer, bone cancer, breast cancer, tung cancer, cardiac cancer, central nervous sysiem
cancer, cervical cancer, chronic lymphocytic leukemia, chronic myelogenous leukenia,
chronic myeloproliferative neoplasms, colorectal cancer, uterine cancer, esophageal cancer,
head and neck cancer, eve cancer, fallopian tube cancer, gallbladder cancer, gastric cancer,
germ cell tumor, gestational trophoblastic cancer, hatry cell lewkemia, liver cancer, Hodgkin
Iymphoma, mtraocular melanoma, pancreatic cancer, kidney cancer. lenkemia, mesothelioma,

metastatic cancer, mouth cancer, multiple endocrine neoplasia syndromes, multiple myeloma
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neoplasms, mavelodysplastic neoplasms, ovarian cancer, parathyvroid cancer, perule cancer,
pheochromocytoma, pituitary cancer, plasma cell neoplasm, primary peritoneal cancer,
prostate cancer, rectal cancer, retinoblastoma, sarcoma, smaldl intestine cancer, testicular
cancer, throat cancer, thymoma and thymic carcinoma, thvroid cancer, urethral cancer,
uterine cancer, vaginal cancer, and valvar cancer.

[004%] In various embodiments, the one or more of the casly stage or prechinical phase
cancer 18 a singfe cancer type. In various embodiments, the single cancer type is any one of
acute lvmphoblastic leukemia, acute myeloid leukenua, adrenocortical carcinoma, soft tissue
sarcoma, lvmphoma, anal cancer, gastrointestinal cancer, brain cancer, skin cancer, bile duct
cancer, bladder cancer, bone cancer, breast cancer, hung cancer, cardiac cancer, central
nervous system cancer, corvical cancer, chronic lymphocytic loukemia, chronic myclogenous
teukemma, chronic myveloproliferative neoplasms, colorectal cancer, utering cancer,
esophageal cancer, head and neck cancer, eve cancer, fallopian tube cancer, gallbladder
cancer, gastric cancer, germ cell tumaor, gestational trophoblastic cancer, hatry ocl leukemia,
ltver cancer, Hodgkin lymphoma, intrancular melanoma, pancreatic cancer, kidney cancer,
leukenyia, mesothelioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia
syndromes, multiple myeloma neoplasms, myvelodysplastic neoplasms, ovarian cancer,
parathvroid cancer, penile cancer, pheochromaocytoma, pituitary cancer, plasma cell
neoplasm, primary peritoneal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma,
small intestine cancer, testicalar cancer, throat cancer, thymoma and thymic carcinoma,
thyroid cancer, urethral cancer, uterine cancer, vaginal cancer, and valvar cancer.

{0638} In various cmboduments, the carly stage cancer 18 a preclinical phase cancer. In
various embodiments, the preclinical phase cancer is stage T or stage 11 cancer. In vanous
embodiments, the performance of the analysis and the analysis of the sequence information
has more than a 70% ability to detect the at least one of multiple carly stage cancers. In
various embodiments, the pertormance of the analysis and the analysis of the sequence
mformation has more than a 70% ability to detect the at least one of multiple early stage

Y4

cangers at more than 95%. more than 96%, more than 97%, more than 98%, more than 9%,
more than 99.5%, or more than 99.9% specificity. o various embodiments, the performance
of the analysis and the analysis of the sequence information achieves at least a 80%, at least a
81%, at least a 82%, at least a 83%, at least a 84%, or at least a 85% positive predictive value
when detecting the at least one of multiple early stage cancers. In various ermabodiments, the

performance of the analysis and the analysis of the sequence information achieves at least a
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5%, at least a 96%, at least a 97%, at least a 98%, at least a 99%, at lcast a 99.3%, or at least
a 99 4% negative predictive value when detecting the at least one of multiple early stage
cancers. In various embodiments, the performance of the analysis has at least a 90%, at least
a 95%, or at least a 99% negative predictive value. In various embodiments, the analysis of
the sequence information to identify whether the subject has a detectable cancer or precancer
has at least a 80%, at least a 819, at least a 829, at lcast a 3%, at least a 84%, or at least a
85% postitive predictive value. In various embodiments, the analysis of the sequence
information to identify whether the subject has a detectable cancer or precancer has at least a
90%, at least a 91%, at least a 92%, at least a 93%, at least a 94%, at least a 85%, at least a
6%, or at least a 7% negative predictive valae.

{0051} o various embodiments, the scquence nformation comprises methvlation sequence
mformation. In various embodiments, the methylation sequence information comprises
methylation statuses for a plorality of genomic sites. In various embodiments, the phurality of
genomic sites comprise a plurality of Cp( sites. In various embodiments, the nstructions that
cause the processor to perform an analysis of sequence information of the subject coraprises
further comprises mnstructions that, when executed by the processor, cause the processor to
apply a trained machine learning model.

{0052} in various embodiments, the instructions that cause the processor to perform an
analysis of sequence mformation of the subject further comprises instructions that, when
exccuted by the processor, cause the processor to: compute, for one or more instances of an
analyte in a window of a plurality of windows on a target region of the analvte, a metric
specific for the window and the target region; and analvze, using the trained machine learning
model, at least the metnic specific for the window and the target region. In various
embodiments, the metric specific for the window and the target region comprises a proportion
of a count of DNA fragments having a specific count of methyviated CpGs to a count of DNA
fragments for the window of the target region. fo various embodiments, the metric specific
for the window and the target region comprises a proportion of a count of DNA fragments
having a specific pattern of methylation to a count of BNA fragments for the window of the
target region. In various embodiments, the instructions that cause the processor to compute
the metric specific for the window and the target region further comprises instructions that,
when executed by the processor, cause the processor to perform a first function to quantify a
count of occurrences of methylated CpGs within the window of the target region. In various

cmbodiments, the mstructions that cause the processor to compute the metrnic specific for the
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window and the target region further comprises instructions that, when executed by the
processor, cause the processor to perform a second function to normalize the count of
occurrences of methylated CpGs relative to a count of DNA fragments for the window of the
target region. In various embodumnents, the window comprises between 1 and 100 Cp(G sites.
In various embodiments, the metric specific for the window and the target region comprises
an input vector comprising proportions of BNA fragments having specific counts of
methylated CpGs out of all possible CpG methylation patterns. In various embodiments, the
al possible methylation patterns are 2% possible patterns, where & refers to a number of CpG
sites in the window.

{0053] In various embodiments, the sequence information is obtained from an assay, wherein
the assay comprises performing one or more of a. sequencing of nucleic acids o the sample:;
b. hybrid capture; ¢ methylation-specific PCR; d. an assay that generates methyiation
mformation; and ¢. sequencing a clone Hbrary generated from a template immortalized
library.

{0854} In various embodiments, performing the assay that generates sequence information
comprises: obtamning bisulfite converted cell free DNA (¢fDNA); selectively amphifying
target regions of the bisulfite converted ¢fDNA,; and sequoncing amplicons comprising the
amplified target regions to generate the methylation information. In various embodiments, the
target regions of the bisulfite converted ofBNA comprise previously identified regions that
are differentially methylated in cancer. In vanoos embodiments, the target regions of the
bisulfite converted cfDNA comprise one or more CpG islands or portions of one or more
CpG istands shown in Tables 1-4.

{003S] In various embodiments, the target regions of the bisalfite converted ofDNA comprise
one or more Cp islands or portions of one or more Cp@ islands shown in Tables 1-4. In
various embodiments, the target regions of the bisuifite converted cfDNA comprise at most
10%, at most 20%, at most 30%, at most 40%, at most 50%, at most 35%, at most 60%, at
most 65%, at most 70%, at most 75%, at most 80%, at most 85%, or at most 90% of CpG
islands or portions of CpG islands shown in any one of Tables 1-4. In various embodiments,
the target regions of the bisulfite converted ¢fDNA cormaprise 100, at most 150, at most 200,
at most 300, at most 400, at most 300, at most 600, at most 700, at most 800, at most 800, at
most 1000, at most 1300, at most 2000, at most 2500, at most 3000, at most 3500, or at most
4000 CpG islands or portions of CpG islands selected from Tables 1-4. In vanous

embodiments, analvzing sequence mnformation of the subject not identified as not at nisk
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comprises analyzing sequence mformation generated from target regions comprising one or
more Cp( islands or portions of one or more CpQ 1slands shown in Tables 1-4. In vanous
embodiments, the target regions comprise at least 10%, at least 20%, at least 30%, at least
40%, at least 30%, at least 35%, at least 60%, at least 65%, at feast 709, at least 75%, at least
809%, at least 85%, at least 90%, at least 91%, at least 92%, at least 939, at least 94%, at least
G5%, at least 96%, at least 97%, at least 98%, or at least 99% of CpG islands or portions of
CpG islands shown in any one of Tables 1-4. In various embodiments, the target regions
comprise at least 100, at least 150, at least 200, at least 300, at least 400, at least 500, at least
600, at least 700, at least 800, at least 900, at least 1000, at least 1500, at least 2000, at least
2500, at least 3000, at feast 3500, at least 4000, at least 4500, at least SO0, at least 3500, or
at feast 6000 CpG 1slands or portions of CpG 1slands selected from Tables 1-4. In various
embodiments, performing the sccond analysis compnises analvzing methylation statuses of
more CpG islands in comparison to a quantity of CpG islands analyzed when performing the
analysis of sequence mformation of the subject. In various embodiments, performing the
second analysis comprises analvzing methyiation statuses of at feast 5 times more CpG
islands in comparison to a quantity of Cp(i 1stands analvzed when performing the analysis of
sequence mformation of the subject. In various embodiments, one or more of the CpG islands
analyzed when performing the analysis of sequence information of the subject represent a
subset of the CpG islands analyzed when performing the second analyvas. In vanous
embodiments, every CpG island apalyzed when performing the analysis of sequence
information of the subjoct is further analyzed when performing the second analysis. In
various embodiments, performing the sccond analysis comprises analyzing methylation
statuses of at least 500 Cp( islands, and wherein performing the analvsis of sequence
mformation of the subject comprises analyzing methylation statuses of at least 100 CpGG
islands.

{0056} fo vatous embodiments, the biological sample is obtained from the subject while the
subject is asymptomatic. In various embodiments, the biological sample comprises any one
of: a blood sample, a stool sample, a urine sample, a mucous sample, a saliva sampie. In
various embodiments, the biological sample 15 a blood sample. In various emboduments, the
biological sample does not comprise an invasive biopsy sample. In various embodiments, the
assay performed on the brological sample processes one or more of nucleic acids; cell free

DNA including selected CpGs with a selected methylation state; and RNA.
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{6057} In vanous embodiments, the second analysis comprises whole genome scquencing,
optionally whole genome bisulfite sequencing. In various embodiments, the non-transitory
computer readable medium further comprises instructions that, when executed by the
processor, cause the processor to determine a tissue of origin of the at least one specific
cancer in the subject using the sequence information of the subject. In various embodiments,
the non-transitory compuier readable mediom further comprises instructions that, when
gxocuted by the processor, cause the processor to: perform an analysis of additional sequence
information of the subject that has been obtained from an additional biological sample of the
subject obtained subsequent to a timepoint that the biological sample was obtained; determine
one or more changes between the additional sequence wformation of the subject and the
sequence information; and determine a progression of the at least one specific cancer inthe
subject based on the determined one or more changes.

{0058] In varicus embodiments, the non-transitory computer readable medium farther
comprises instructions that, when executed by the processor, cause the processor 10
determine whether to provide an intervention to the subject based on the determined
progression of the at least one specific cancer. In vanous embodiments, the mstructions that
cause (o processor to determine one or more changes between the additional sequence
mformation of the subject and the sequence mformation further comprises instructions that,
when executed by the processor, cause the processor to determine changes one or more
changes in methylation status across a plurality of genomic sites.

{0059 Additionally disclosed herein is a system comprising: a processor; a data storage
comprising sequence mformation that has been obtained from a biological saraple of a
subject; a non-transitory computer readable medium compnsing imstructions that, when
executed by the processor, cause the processor to: perform an analysis of sequence
mformation of the subject that has been obtained from a biclogical sample of the subject to
wdentify whether the subject is not at tisk of baving the health condition; and then if the
patient has not been wdentified as not at risk: analvze the sequence information of the subject
not identified as not at risk by performing a second analysis to detect the presence of the
health condition in the subject.

{00607 Additionally disclosed herein 15 a svstem comprising: a processor; a data storage
comprising marker information that has been obtained from a biclogical sample of a subject;
a non-transttory computer readable medium comprising instructions that, when executed by

the processor, cause the processor to: perforn an analysis of marker information of the
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subject that has been obtained from a biological sample of the subject to identify whether the
subject 1s not at risk of having the health condition; and then if the patient has not been
identified as not at risk: analyze sequence information of the subject not identified as not at
risk by performing a second analvsis to detect the presence of the health condition 1n the
subject. In various embodiments, the marker information comprises guantitative levels of
protein biomarkers,

{0061} Additionally disclosed herein is a system comprising: a processor; a data storage
comprising marker information that has been obtained from a biological sample of a subject;
anon-transttory computer readable mediumn comprising instractions that, when executed by
the processor, cause the processor to: (a} perform an analysis of sequence information of
nucleic acids i the sample to determine whether the analysis generates a result correlative
with presence or absence of a human condition, and then if the result is detected: and (b)
analyze the sequence information of the nocleic acids in the sample by performing second
analysis to determine if the second analysis gencrates the signal, wherein if the signal is
detected, then the probability the signal in the sample is authentic is higher as compared to a
probability that a signal 1s authentic when generated by an analogous method, where the
analogous method differs by omitting step {a). In various embodiments, the steps performed
by the processor achieves at least a 20% positive predictive value when detecting the at least
one of multiple early stage cancers. In various embodiments, the steps performed by the
processor achieves at feast a 40% positive predictive value when detecting the at least ong of
multiple carly stage cancers. In various embodiments, the steps performed by the processor
achicves at least a 60% positive predictive value when detecting the at least one of multiple
carly stage cancers. In various embodiments, the steps performed by the processor achieve at
least a 80%, at least a4 81%, at least a 82%, at least a 83%, at least a 84%, or at Ieast a 85%
positive predictive value when detecting the health condition. In various embodiments, the
health condition is a disease risk. In various embodiments, the health condition is a rare
disease or disorder. In vanous embodiments, the health condition has an incidence of 1 in
100, 1 in 1,000, | in 10,000 mdividuals, 1 in 100,000 individuals, 1 in 1,000,000 individuals,
1 i 10,000,000 individuals, or T in 100,000,000 individuals.

{0062} Additionally disclosed herein 15 a svstem comprising: a processor; a data storage
comprising sequence information derived from a first assay performed on a sample obtained
from a subject; a non-transitory computer readable medium comprising instructions that,

when exccuted by the processor, cause the processor to: perform a screen by analyzing the
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sequence information to classify the subject as at risk for a health condition or not at visk for a
health condition; responsive to a classification of the subject as at risk for a health condition,
obtain sequence mformation derived from a second assav performed on the sample or an
additional samplc obtained from the subject to generate the sequence information derived
from the second assay; and perform a diagnostic analysis of the sequence information derived
from the second assay for the subject to further classify the subject at risk for the health
condition as a candidate subject for monitoring.

{0063} Additionally disclosed herein is a svstem comprising: a processor; a data storage
comprising sequence mformation derived from a first assay performed on a sample obtained
from a subject; a non-transitory computer readable medivm comprising instructions that,
when exccuted by the processor, cause the processor to: perform a screen by analyzing the
sequence mformation to classify the subject as at risk for a health condition or not at risk fora
health condition; if the sabject is classified as not at risk for the health condition, report that
the subject is not at risk for the health condition: if the subject is classifiod as at risk fora
health condition; obtain sequence mformation derived from a second assay performed on the
sample or an additional sample obtained from the subject to generate the sequence
mformation derived from the second assay; and perform a diagnostic analysis of the
sequence mformation derived from the second assay for the subject to further classify the
subject at nisk for the health condition as a candidate subject for monitoring.

[0864] Additionally disclosed herein is a system comprising: a processor; a data storage
comprising sequence mformation derived from a first assay performed on a sample obtained
from a subject; a nov-transitory coraputer readable medium comprising mstructions that,
when executed by the processor, cause the processor to: for each of one or more subjects in
the plurality of subjects: perform a screen by analyzing the sequence information to classify
the subject as at risk for a health condition or not at risk for a health condition; responsive to
a classification of the subject as at risk for the bealth condition, obtain sequence mformation
derived from a second assav performed on the sample or an additional sample obtained from
the subject to generate the sequence information denived from the second assay,; and perform
a diagnostic analvsis of the sequence information dertved from the second assay for the
subject to further classify the subject at risk for the health condition as a candidate subject for
mchusion in the candidate population.

{08065} Additionally disclosed herein is a kit comprising: a. equipment {o draw a sample

from a subject: b. a set of detection reagents that, when combined with the sample, allows
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detection of biomarkers in the sample; and ¢. instructions for accessing computer program
nstructions stored on a computer storage medm that, when processed by a processor of a
computer system, canse the processor to: perform an analysis of sequence information to
wdentify whether the subject is not at risk of having one or more early stage cancers; and then
if the patient has not been 1dentified as not at risk: analyze sequence mformation of the
subject not identified as not at risk derived from second analysis to detect the presence of the
one or more garly stage cancers in the subject. In various emtbodiments, the one or more of
the carly stage cancers is fifteen or more difterent cancers. In various embodiments, the one
or more of the carly stage or prechinical phase cancers 1s a set of acute lvmphoblastic
leukemia, acute myeloid leukemia, adrenocortical carcinoma, soft tissue sarcoma, fymphoma,
anal cancer, gastrointestinal cancer, brain cancer, skin cancer, bile duct cancer, bladder
cancer, bone cancer, breast cancer, lung cancer, cardiac cancer, central nervous system
cancer, cervical cancer, chronic lymphocytic leukemtia, chronic myelogenous leukemia,
chronic myeloproliferative neoplasms, colorectal cancer, uterine cancer, esophageal cancer,
head and neck cancer, eve cancer, fallopian tube cancer, gallbladder cancer, gastric cancer,
gorm cell tumor, gestational trophoblastic cancer, hairy cell leukemia, liver cancer, Hodgkin
Ivmphoma, intraccular melanoma, pancreatic cancer, kidney cancer, leukemia, mesothelioma,
metastatic cancer, mouth cancer, nudtiple endocrine neoplasia syndromes, multiple mycloma
neoplasms, myelodysplastic neoplasms, ovarian cancer, parathyroid cancer, penile cancer,
pheochromocytoma, pituitary cancer, plasma cell neoplasm, primary peritoneal cancer,
prostate cancer, rectal cancer, retinoblastoma, sarcoma, small intestine cancer, testicular
caneer, throat cancer, thymoma and thyouc carcinoma, thyroid cancer, urethral cancer,
uterine cancer, vaginal cancer, and vulvar cancer.

{0866} In various embodiments, the one or more of the early stage or prechimcal phase
cancer is a single cancer type. In varicus embodiments, the single cancer type is any one of
acute lvmphoblastic leukemia, acute myelowd leukemia, adrenocortical carcinoma, soft tissue
sarcoma, lvmphoma, anal cancer, gastromntestinal cancer, brain cancer, skin cancer, bile duct
cancer, bladder cancer, bone cancer, breast cancer, lung cancer, cardiac cancer, central
nervous systern cancer, cervical cancer, chronic vraphocytic leukemnia, chronic myelogenous
leukemia, chronic myeloproliferative neoplasms, colorectal cancer, uterine cancer,
csophageal cancer, head and neck cancer, eve cancer, fallopian tabe cancer, gallbladder
cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, hairy cell feukemia,

liver cancer, Hodgkin lviuphoma, intraccular melanoma, pancreatic cancer, kidney cancer,
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leukenua, mesothelioma, metastatic cancer, mouth cancer, roultiple endocrine neoplasia
syndromes, multiple myeloma neoplasms, myvelodysplastic neoplasms, ovarian cancer,
parathvroid cancer, penile cancer, pheochromocytoma, pituitary cancer, plasma cell
neoplasm, pomary peritoncal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma,
small infestine cancer, testicular cancer, throat cancer, thvmoma and thymic carcinoma,
thyroid cancer, urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

{0867} In various embodiments, the early stage cancer is a preclinical phase cancer In
various embodiments, the prechinical phase cancer is stage 1 ot stage I cancer. In various
embodiments, the performance of the analvsis and the analvais of the sequence imformation
has more than a 70% ability to detect the at least one of multiple early stage cancers. In
various embodiments, the performance of the analysis and the analysis of the sequence
mformation has more than a 70% ability to detect the at least one of multiple early stage
cancers at more than 95%, more than 96%, more than 97%, more than 98%, more than 99%,
more than 99 5%, or more than 99.9% specificity. In various embodiments, the performance
of the analysis and the analysis of the sequence information achieves at least a 80%, at leasta
81%, at least a 82%, at least a §3%, at least a 84%, or at least a 85% positive predictive value
when detecting the at least one of multiple early stage cancers. In various embodiments, the
performance of the analysis and the analysis of the sequence information achieves at least a
G5%, at least a 96%, at least a 97%, at least a 98%, at least a 999, at least a2 99 396, or at least
a 99 4% negative predictive value when detecting the at least one of multiple carly stage
cancers. In various embodiments, the performance of the analysis has at feast a 90%. at least
a 95%, or at least a 99% negative predictive value. o various embodiments, the analysis of
the sequence information to identify whether the subject has a detectable cancer or precancer
has at least a 80%, at least a 81%, at least a 82%, at least a 83%, at least a 84%, or at least a
85% positive predictive value. In various embodiments, the analysis of the sequence
nformation to identify whether the subject has a detectable cancer or precancer has at least a
G(%, at least a 91%, at least a 92%, at least a 93%, at least a 949, at least a 95%, atleast a
96%, or at least a 97% negative predictive value.

[0068] In various embodiments, the sequence information comprises methylation sequence
mformation. In various embodiments, the methylation sequence information comprises
methyviation statuses for a plurality of genomic sites. In varions embodiments, the plarality of
genomic sites comprise a plurality of CpG sites. In various embodiments, the wnstructions that

cause the processor to perform an avalysis of sequence nformation of the subject comprises
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further comprises mstructions that, when executed by the processor, cause the processor 1o
apply a trained machine learming model.

{8069} In various embodiments, the sequence mformation s obtained from an assay, wherein
the assay comprises performung one or more of! a. sequencing of nucleic acids in the sample;
b. hvbnd capture; ¢. methviation-specific PCR; d. an assay that generates methylation
mformation; and ¢. sequencing a clone Hbrary generated from a template immortalized
fibrary. In various embodiments, performing the assay that generates sequence information
comprises: obtaining bisulfite converted cell free DNA (efDNA); selectively amplifying
target regions of the bisulfite converted ofDNA; and sequencing amplicons comprising the
amplified target regions to gencrate the methylation information.

{3078} In varous embodiments, the target regions of the bisulfite converied ctDNA comprise
previously identified regions that are differentially methylated in cancer. In various
embodiments, target regions of the bisulfite converted cfDNA comprise one or more CpG
islands or portions of one or more Cp(F islands shown in Tables | In various embodiments,
the target regions of the bisulfite converted cfDNA comprise at most 10%, at most 20%, at
most 30%, at most 40%, at most 30%, at most 55%, at most 60%, at most 65%, at most 70%,
at most 75%, at most 80%, at most 85%, or at most 90% of Cp@ tslands or portions of CpG
islands shown in any onc of Tables 1-4. In various embodiments, the target regions of the
bisulfite converted cfDNA comprise 100, at most 150, at most 200, at most 300, at most 400,
at most SO0, at most 600, at most 700, at most 800, at most 900, at most 1000, at most 1500,
at most 2000, at most 2500, at most 3000, at most 3500, or at most 4000 CpG islands or
portions of CpG islands sclected from Tables 1-4. In various emboduments, analyzing
sequence information of the subject not identified as not at nsk comprises analyzing sequence
mformation generated from target regions comprising one or more Cp( islands or portions of
ong or more CpG istands shown in Tables 1-4. In various embodiments, the target regions
comprise at least 10%, at least 20%, at least 30%, at least 40%, at least 509, at least 55%, at
least 60%, at least 65%, at least 70%, at least 75%, at least 809, at least 5%, at least 30%, at
least 91%, at least 92%, at least 939, at least 94%, at least 95%, at least 96%, at least 97%,
least 98%, or at least 99% of CpG 1slands or portions of CpG islands shown in any one of
Tables 1-4. In various embodiments, the target regions comprise at least 100, at least 150, at
least 200, at least 300, at least 400, at least 500, at least 600, at least 700, at least 800, at least
900, at least 1000, at least 1500, at feast 2000, at least 2500, at least 3000, at least 3500, at

least 4000, at least 4500, at least 5000, at least 5500, or at least 6000 CpG islands or portions
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of CpG 1slands selected from Tables 1-4, In various embodiments, performing the second
analysis comprises analyzing methylation statuses of more Cp( islands i companison to a
quantity of CpG islands analvzed when performing the analysis of sequence information of
the subject. In various emobodiments, performing the second analvsis comprises analyzing
methylation statuses of at least 3 times more CpG 1slands in comparison 1o a guantity of CpG
islands analyzed when performing the analyeais of sequence information of the subject. In
various embodiments, one or more of the UpG islands analyvzed when performing the analysis
of sequence mformation of the subject represent a subset of the CpG islands analvzed when
performing the second analysis. In various embodiments, every CpG island analyzed when
performing the analysis of sequence mformation of the subject 1s further analyzed when
performing the second analysis. In various embodiments, performing the sccond analysis
comprises analyzing methylation statuses of at least 500 CpG islands, and wherem
performing the analysis of sequence information of the subject comprises analvzing
methylation statuses of at feast 100 CpG islands.

{0071} In various embodiments, the biological sample is obtained from the subject while the
subject is asymptomatic. In various embodiments, the biclogical sample comprises any one
of: a blood sample, a stool sample, a unne sample, a mucous sample, 8 saliva sample. In
various emrbodiments, the biclogical sample is a blood sample. In various embodiments, the
biological sample does not comprise an invasive biopsy sample.

{0872} In various embodiments, the assay performed on the biological sample processes one
or more of: nucleic acids; cell free DNA inchuding selected CpGs with a selected methyvlation
state; and RNA. In various crobodiments, the sccond analysis comprises whole genome
sequencing, optionally whole genome bisulfite sequencing. In various embodiments, the non-
transitory computer readable medium further comprises instractions that, when executed by
the processor, cause the processor to determine a tissue of origin of the at least one specific
cancer 1o the subject using the sequence information of the subject. In various eobodiments,
the computer program instructions further comprise instructions that, when executed by the
processor, cause the processor to: perform an analysis of additional sequence mformation of
the subject that has been obtained from an additional biological sample of the subject
obtained subsequent to a timepoint that the biological sample was obtained; determine one or
more changes between the additional sequence information of the subject and the sequence
mformation; and determine a progression of the at least one specific cancer in the subject

based on the determined one or more changes.
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{0073} In various embodiments, the computer program instructions further comprise
mstractions that, when executed by the processor, cause the processor to; determine whether
to provide an intervention to the subject based on the determined progression of the at least
one specific cancer. In various embodiments, the computer program mnstructions that cause to
processor 1o determine one or more changes between the additional sequence information of
the subject and the sequence imformation further comprise instructions that, when executed
by the processor, cause the processor to determine changes one or more changes in
methylation status across a plurality of genomic sites.

{0074} Additionallv disclosed herein s a kit comprising: a. equipment to draw a sample
from a subject; b. a set of detection reagents that, when combined with the sample, aliows
detection of biomarkers 11 the sanple; and ¢. instructions for accessing computer program
mstructions stored on a computer storage medium that, when processed by a processor of a
computer system, cause the processor to: perform an analvsis of sequence information of the
subject that has been obtained from the samaple of the subject to identify whether the subject
is not at risk of having the health condition; and then if the patient has not been identified as
not at risk: analvze the sequence mformation of the subject not identified as vot at nsk by
performing a second analysis to detect the presence of the health condition in the subject.
{0875] Additionally disclosed herein is a kit comprising. a. cquipment to draw a sample
from a subject: b. a set of detection reagents that, when combined with the sample, allows
detection of biomarkers in the sample; and ¢. instructions for accessing computer program
instructions stored on a computer storage medium that, when processed by a processor of a
computer system, cause the processor to: perform an analysis of marker information of the
subject that has been obtained from a biological sample of the subject to 1dentify whether the
subject is not af risk of having the health condition; and then if the paticnt has not been
identified as not at risk: analyze sequence information of the subject not identified as not at
risk by performing a second avalysis to detect the presence of the health condition in the
subject. In various embodiments, the marker information comprises guantitative levels of
protein biomarkers.

{0076} Additionally disclosed hercin is a kit comprising: a. equipment to draw a sample
from a subject; b. a set of detection reagents that, when combined with the sample, allows
detection of biomarkers in the sample; and ¢. instructions for accessing computer program
mstructions stored on a computer storage medium that, when processed by a processor of a

computer syster, cause the processor to: {a) perform an analysis of sequence information of
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nucleic acids 1 the sample to determine whether the analysis gencrates a result correlative
with presence or absence of a human condition, and then if the result is detected: and (b)
analyze the sequence information of the nucleic acids in the sample by performing second
analysis to determine if the second analysis generates the signal, wherein if the signal 15
detected, then the probability the signal in the sample is authentic s higher as compared to a
probability that a signal is authentic when generated by an analogous method, where the
analogous method differs by omitting step (a). In various embodiments, the steps performed
by the processor achicves at least a 209 posttive predictive value when detecting the health
condition. In various embodiments, the steps performed by the processor achieves at least a
40% positive predictive value when detecting the health condition. In various embodiments,
the steps performed by the processor achieves at least a 60% posttive predictive value when
detecting the health condition. Tn various embodiments, the steps performed by the processor
achieve at least a 80%, at least a 819, at feast a 82%, at least a 83%, at least a 84%, or at least
a 85% positive predictive value when detecting the health condition. In various embodiments,
the health condition is a disease risk. In various embodiments, the health condition is a rare
disease or disorder. In various embodiments, the health condition has an mcidence of 1
100, I in 1,000, T in 10,000 individaals, 1 in 100,600 mdividuals, 1 in 1,000,000 individuals,
1in 10,000,000 individuals, or | in 100,000,000 individuals.

{00771 Additionally disclosed herein 1s a kit comprising: a. equipment o draw a sample
from a subject; b. a set of primers that, when combined with the sample, allows detection of a
plurality of sites in celi-free DNA in the sample; and c. instructions for accessing computer
program instructions stored on a compuier storage medium that, when processed byv a
processor of a computer system, cause the processor to: perform a screen by analyzing the
sequence wformation to classify the sabject as at risk for a health condition or not at risk for a
health condition; responsive to a classification of the subject as at risk for a health condition,
obtain sequence miormation derived from a second assay performed on the sample or an
additional sample obtained from the subject to generate the sequence information derived
from the second assay; and perform a diagnostic analysis of the sequence nformation derived
from the second assay for the subject to further classify the subject at risk for the health
condition a candidate subject for monitoring.

{8078] Additionally disclosed herein is a kit comprising: a. equipment to draw a sample
from a subject; b. a set of primers that, when combined with the sample, allows detection of a

plurality of sites in celi-frec DNA in the sample; and ¢. instructions for accessing computer
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program instructions stored on a computer storage medium that, when processed by a
processor of a computer aysterm, cause the processor to: perform a screen by analyzing the
sequence mformation to classify the subject as at risk for a health condition or not at risk fora
health condition; i the subject is classified as not at risk for a health condition, report that the
subject is not at risk for a health condition; if the subject 1s classified as at nisk for a health
condition: obtain sequence information dertved from a second assay performed on the sample
or an additional sample obtained from the subject to generate the sequence information
derived from the second assay; and perform a diagnostic analysis of the sequence information
derived from the second assav for the subject to further classify the subject at risk for a health
condition as a candidate subject for momtoring.

Additionally disclosed herein is a kit comprising: a. equipment to draw a sample from a
subject; b. a set of primers that, when combined with the sample, allows detection of a
plorality of sites in cell-free DNA in the sample; and ¢. instructions for accessing computer
programs instructions stored on a computer storage medium that, when processed by a
processor of a computer syster, cause the processor to: for cach of one or more subjects in
the plurality of subjects: perform a screen by analvzing the sequence information to classify
the subject as at risk for a health condition or not at risk for a health condition; responsive to
a classification of the subject as at risk for a health condition, obtain sequence information
derived from a second assav performed on the sample or an additional sample obtained from
the subject to generate the sequence information derived from the second assay; and perform
a diagnostic analysis of the sequence information derived from the second assay for the
subjoct to further classify the subject at risk for a health condition as a candidate subject for
mchusion in the candidate population.

{8879} In various embodiments, the multiple tiered analysis involves an mdividual-specific
analysis, hereafter referred to as an intra-individual analysis, for determining presence or
absence of a health condition in the individual. In other embodirsents, the multiple tiered
analysis need not involve performing the mntra~individual analysis. Generally, the intra-
mdividual analysis removes bascline biological signatures of the individual which are less
informative or not informative of presence of absence of the health condition. By cluninating
baseline biological signatures, the remaining signatores are used to more accurately predict
presence or absence of 8 health condition in the individual. The intra-individual analysis is
usetul because i accounts for baseline biological signatures that may be unigue for cach

ndividual. As a result, the mtra-individual analysis generates a background-corrected signal
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for an individual that accounds for bascline biological signatures unique 1o the individual.
Specifically, the mtra~-individual analysis wvolves combining sequence nformation from
target nucleic acids with sequence information from reference nocleie acids obtained from the
mdividual. The target nucleic acids include signatures that are mformative for determining
presence or absence of the health condition and the reference nucleic acids inclade baseline
biological signatures of the individeal. By combining sequence information from the target
nucleic acids and the reference nucleic acids, the resulting combined signal is more
informative for determining presence or absence of the health condrition in comparison to
sequence information of the target nucleic acids alone.

{008G] In various embodiments, the multiple tiered analysis further involves a second
analysis which analyzes the background-corrected signal determined via the intra-individual
analysis. The second analysis detects presence of a health condition in the remaining
mdividuals.

10081} Altogether, the multiple ticred analysis {¢.g., including a screen, intra~mdividual
analysis, and second analysis) achieves improved performance (¢.g., high positive predictive
value, negative predictive value, sensttivity, and specificity), thereby enabling accurate
identification of mdividuals with the health condition.

{00821 Disclosed herein is a tiered, multipart method for detecting circulating tamor DNA in
a biological sample of a subject, the method comprising: performing a first analysis of
nucleic acid sequence information that was derived from a first assay performed on the
biological sample to identify whether the bioksgical sample is not at risk of containing
circulating tumor DNA, and then if the biological sample ts not identified as not at risk:
obtaining target nucleic acids and reference nucleic acids from the biological sample or an
additional biclogical sample obtained from the subject; performing bisulfite conversion of the
target nucleic acids and the reference nucleic acids; selectively amplifying target regions of
the bisulfite converted target nucleic acids and/or reference nucleic acids generating a dataset
comprising methylation information from the target nucleic acids and methvlation
wformation from the reference nucleic acids; using a computer processor, combining the
methylation mformation from the target vucleic acids and the methylation mformation from
the reference nucleie acids to generate background-corrected methylation information for the
target nucleie acids; and performing a second analysis comprising analyzing the background-
corrected methylation information to detect the presence of the circulating tumor DNA in the

binlogical sample.
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{0083} In various emboduments, the biological samaple or the additional biological sample is
a blood sample. Tn vanious embodiments, obtaining target nucleic acids and reference nucleic
acids comprises fractionating the biological sample or the additional sample, wherein the
target nucieic acids are obtained from a first fraction of the binlogical sample or the
additional biological sampie, and wherein the reference mucleic acids are obtained from a
second fraction of the biological sample or the additional biological sample. In various
embodiments, the target nucleic acids comprise cell free DNA (cfDNA), and wherein the
reference nucleic acids comprise genomic DNA from cells of the subject. In various
embodiments, the cells of the subject comprise peripheral blood mononuclear cells (PBMCs)
or polymorphonuciear cells.

{0084} In various embodiments, combining the methylation information from the target
nucleic acids and the methylation information from the reference nucleic acids comprises:
aligning the methyvlation information from the target nucleic acids and the methyviation
information from the reference nucleic acids; and determining a diffcrence between the
methylation mformation from the target nucleic acids and the methylation information from
the reference nucleic acids. In various embodiments, the methylation mformation of the target
nucleic acids and the methylation information of the reference nucleic acids both comprise
methylation statuses for a phurality of genomic sites. In various embodiments, the plurality of
genomic sites comprise a plurality of CpG sites shown n any of Tables 1-4.

j008S] Additionally disclosed herein s a tiered, maltipart method for detecting circulating
tomor DNA in a biclogical sample of a subject, the method comprising: performing a first
analysis of nucleie acid sequence formation that was derived from a first assay performed
on the biological sample to identify whether the biological sample 1s not at risk of containing
circulating tumor DNA, and then if the biological sample is not identified as not at risk:
obtaining target nucleic acids and reference nucleic acids from the biclogical sample or an
additional bivlogical saraple obtained from the subject; processing the target nucleic acids
and reference nucleic acids to generate a dataset comprising methvlation information from
the target nucleic acids and methylation information from the reference nucleic acids,
wherein processing the target nucleic acids and reference nucleic acids to generate the dataset
comprises performing a second assay, wherein the second assay comprises one or more of: a.
sequencing of target nucleic acids and/or reference mucleic acids via targeted sequencing,
whole genome sequencing, or whole genome bisulfite sequencing; b. a nucleic acid

amplification assay; and ¢. an assay that generates methylation information; using a computer
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processor, combining the methylation information from the target nucleic acids and the
methyviation information from the reference nucleic acids to generate background-corrected
methyviation information for the target nucleic acids; and performing a second analvsis
comprising analyzing the background-~corrected methylation information to detect the
presence of the circolating tumor DNA in the biclogical sample. In vanous embodiments, the
biological sample or the additional biological sample is a bood sample. In various
embodiments, obtaining target mucleic acids and reference nucleic acids comprises
fractionating the biological sample or the additional sample, wherein the target nucleic acids
are obtained from a first fraction of the biological sample or the additional biological sample,
and wherein the reference nucleic acids are obtained from a second fraction of the biological
sample or the additional biological sample. In various embodiments, the target nucleic acids
comprise cell free DNA (cfDNA), and wherein the reference nucleic acids compnise genomic
DINA from cells of the subject. In various embodiments, the cells of the subject comprise
peripheral blood mononuclear celis (PBMCs) or polymorphonuciear colls.

[0086] In various embodiments, combining the methvlation information from the target
nucleic acids and the methylation information from the reference nucleic acids comprises:
aligning the methylation information from the target nucleic acids and the methylation
mformation from the reference nucleic acids; and deternining a difference between the
methylation information from the target nucleic acids and the methylation information from
the reference nueleic acids. In various embodiments, the methylation information of the target
nucleic acids and the methylation information of the reference nucleic acids both comprise
mocthyvlation statuses for a plurality of genomic sites. In various embodiments, the plurality of
genomic sites comprise a plurality of CpG sites shown in any of Tables 1-4.

{0087} Additionally disclosed herein is a tiered, multipart method for detecting circulating
turnor DNA in a biological sample of a subject, the method comprising: performing a first
analysis of vucleic acid sequence inforation that was derived from a first assay performed
on the biological sample to identify whether the biological sample is not at nisk of containing
circulating tomor DNA, and then if the biological sample is not identitied as not at nisk:
obtaining target nucleic acids and reference nucleic acids from the biological sample or an
additional biclogical sample obtaimed from the subject: processing the target nucleic acids
and reference nucleic acids to generate a dataset comprising methylation information from
the target nucleic acids and methylation information from the reference mucleic acids; using a

corapuier processor, combining the methylation information from the target nucleic acids and
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the methvlation information from the reference mucleic acids to generate background-
corrected methvlation nformation for the target nueleic acids; and performing a second
analysis comprising analyzing the background-corrected methylation information to detect
the presence of the circulating tumor DNA in the biological sample.

{B088] In various embodiments, the biological sample or the additional biclogical sample 1s
a blood sample. In varnous embodiments, obtaining target nucleic acids and reference nucleic
acids comprises fractionating the biological samaple or the additional sample, wherein the
target nucleic acids are obtained from a first fraction of the biological sample or the
additional biclogical sample, and wherein the reference nucleic acids are obtamned from a
second fraction of the biclogical sample or the additional biclogical sample. In various
cmbodiments, the target nucleic acids comprise cell free DNA (¢fDNA), and wherein the
reference nucleic acids comprise genomic DNA from cells of the subject. In various
embodiments, the cells of the subject comprise peripheral blood mononaclear cells (PBMCs)
or polymorphonuclear cells.

[0085] In various embodiments, combining the methvlation information from the target
nucleic acids and the methylation information from the reference nucleic acids comprises:
aligning the methylation information from the target nucleic acids and the methylation
mformation from the reference nucleic acids; and determining a differcnce between the
methylation information from the target nucleic acids and the methylation information from
the reference nueleic acids. In various embodiments, the methylation mformation of the target
nucleic acids and the methylation information of the reference nucleic acids both comprise
mocthyvlation statuses for a plurality of genomic sites. In various embodiments, the plurality of
genomic sites comprise a phurality of CpG sites shown in any of Tables 1-4. In vanous
embodiments, processing the target nucleic acids and reference nucleic acids to generate the
dataset further comprises performing a target enrichment assay. In various cmbodiments, the
target corichment assay comprises hyvbrid capture.

[0098] Additionally disclosed herein 1s a method of selecting informative biomarkers for
clusion in a first tier of a tiered, multipart method for detecting circulating tumor DNA ina
hiological sample of a subject, the method comprising: obtaining a starting set of biomarkers;
determining signals of biomarkers of the starting set across a first plurality of samples and a
second plurality of samples; performing rank ordering of biomarkers of the starting set using
the determuined signals; and selecting a top X biomarkers as informative biomarkers for

mechusion v a first tior of a tiered, multipart oethod. In various embodiments, the biomarkers
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of the starting set comprise one or more of Cp( sites, a set of C(5ls, genes, proteins. rucleic
acids, and metabolites. In vanious embodiments, the biomarkers of the starting set comprise
cach of CpG sites, a set of CGls, genes, proteins. nucleic acids, and metabeolites. In various
cmbodiments, the first plurality of samples comprise healthy samples or samples absent a
health condition. In various embodiments, the healthy sample comprises healthy normal
tissue or a non-cancer cell free DNA sample. In various embodiments, the second plarality of
samples comprise samples with a health condition. In various embodiments, the samples with
a health condition comprise cancer biopsy samples or cell free DNA samples obtained from
patients with cancer. In various embodiments, the samples with a health condition comprise
samples of different cancers.

{0091} In various embodiments, performing rank ordering of biomarkers of the starting set
using the determuned signals comprises rank ordering a biomarker based on a difference
between signals of the biomarker of the first plurality of samples and the second plurality of
saraples. In various cmbodiments, perfornuing rank ordering of biomarkers of the starting sot
using the determined signals comprises rank ordering a biomarker according s significance
in distinguishing between the first plurality of samples and the second plurality of samples. In
various embodiments, performing rank ordenng of biomarkers of the starting set using the
determined signals comprises rank ordering a biomarker by deternining an importance value
of the biomarker by implementing a cancer prediction algorithm. In various embodiments, the

top X biomarkers comprise between 10 and 200 biomarkers.

BRIEF DESCRIPTION OF THE DRAWINGS
{0092] These and other features, aspects, and advantages of the present nvention will
become better understood with regard to the following description and accompanying
drawings. It is noted that wherever practicable. sunilar or like reference mmbers may be
used in the figures and may indicate similar or like functionality. For example, a letter after a
reference numeral, such as “third party entity 155A.7 indicates that the text refers specifically
to the clement having that particalar reference numeral. A reference mumeral in the text
without a following fetter, such as “third party entity 1557 refors to any or all of the elements
m the figures bearing that reference numeral {e.g. “third party entity 15357 in the text refers to
reference numerals “third party entity 155A” and/or “third party entity 15587 in the figores).
{0093] Figure (FIG) 1A depicts an overall flow process of the multiple-tiered process for

identifying an individual with a health condition, in accordance with an embodiment.
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16094} F1G. 1B depicts an overall flow process mvolving an intra-individual analysis and
second analysis, n accordance with a first embodiment.

{8095} FIG. 1C depicts an overall flow process involving an intra-individual analysis and
second analysis, v accordance with a second embodiment.

10096} FIG. 1D depicts example additional analvses (e.g., 6 tier analysis), in accordance with
an embodiment.

{06971 FIG. IE depicts an overall system environment including a condition analysis system,
in accordance with an erabodiment.

{8098] FI1G. 2A depicts a block diagram of the condition analysis system, in accordance with
an embodiment.

{0899} FIG. 2B depicts example methylation information useful for determining whether an
mdividual 15 at risk for a health condition, o accordance with an embodiment.

{30180} FIG. 2C shows an example flow process for determining whether an individual is at
risk for a health condition, in accordance with an embodiment.

{60101} FIG. 2D depicts an example process of combining sequence information of targe
nucleic acids and reference nucleic acids to generate a signal informative for determining
presence or absence of a health condition, in accordance with an embodiment.

{08102} FIG. 2F 15 an illustrative example of a signal mformative for a health condition, in
accordance with an embodiment.

{08103} FIG. 2F shows aligned sequence reads of an analyte and a corresponding window of
a kmer size, in accordance with an embodiment.

[B8104] FIG. 2G shows the generation of metrics from sequence reads across 2% possible
patterns, in accordance with an embodiment.

{00105} FIG. 2H shows an example data structure including information useful for training
machine learning models, in accordance with an embodument.

[801486] FIG. 3A shows an interaction diagram between a third party entity and a condition
analysis system for performing the multiple tier analysis, in accordance with a first
embodiment.

{00197} FIG. 3B shows an inieraction diagram between a third party entity and a condition
analysis system for performing the multiple tier analvsis, in accordance with a second

embodiment.
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{00198} FIG. 3C shows an interaction diagram between a first third party entity, a second
third party entity, and a condition analysis system for performing the multiple tier analysis, in
accordance with an embodiment.

{00109} FIG. 4A shows an example flow process nvolving an tra-individual analysis, in
accordance with an embodiment.

{30110} FIG. 4B shows an example flow process for selecting informative biomarkers for
inclusion in the first tier of a multiple tier analysis.

{00111} FIG. 5 illustrates an example computer for implementing the entities shown in FIGs.
{A-1E, 2A-2C, and 3A-3C.

{80112} FIG. 6A shows a first example process involving a condition analysis system for
performing a multiple tier analysis.

[08113] FIG. 6B shows a seccond example process involving a condition analysis system for
performing a multiple tier analysis.

00114} FIG. 6C shows a third example process involving a condition analysis system for
performing a multiple tier analysis.

{86115} FIG. oD shows example performance of different tiers of the multiple tier analysis
for diagnosing mdividuals with a health condition.

{08116} FIG. 7 depicts performance of a single tier analysis and a two-ticr analysis of a
population involving 1046 samples.

{08117} FIG. 8 depicts an example 6-tier analysis.

{0118} FIG. 9 shows an example sample from which target nucleic acids and reference

nucleic acids are obtained.

DETAILED DESCRIPTION

Pefinitions
{00119} Terms used in the claias and specification are defined as set forth below unless

otherwise specified.

{80128} The terms “subject,” “patient,” and “individual” are used interchangeably and
encompass g cell, tissue, or organism, human or non-human, male or female.

[00121] The term “sample” can mclude a single cell or multiple cells or fragments of cells or
an aliquot of body fluid, such as a blood sample, taken from a subject, by means incloding
venipuncture, excretion, ejacilation, massage, biopsy, needle aspirate, lavage sample,

scraping, surgical mcision, or intervention or other means known in the art. Exaroples of an
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aliguot of body fluid include anuuotic thud, agueous huror, bile, lymph, breast railk,
interstitial fluid, blood, blood plasma, cerumen {carwax), Cowper’s fluid {pre-cjaculatory
fhad}, chyle, chyme, female ejaculate, menses, mocus, saliva, urine, vomit, tears, vaginal
tubrication, sweat, serum, semen, scbum, pus, pleural fhud, cercbrospinal fluid, synovial
fluid, mtracellular thud, and vitreous humour.

{00122} The term “oblaining mnformation.” “ohiaining marker information,” and “obtaining
sequence information” encompasses obtaining information that is determined from at least
one sample. Obtaiming information {(¢.g., marker information or sequence information)
encompasses obtaining a sample and processing the sample to expenmentally determine the
mformation {e.g., marker mformation or sequence mformation). The phrase also encompasses
recetving the information, ¢.g., from a third party that bas processed the sample to
experimentally determine the information.

{00123} The terms “marker,” “markers,” “biomarker,” and “biomarkers” encompass, without
limitation, lipids, lipoproteins, proteins, cytokines, chemokines, growth factors, peptides,
nucleic acids {¢.g.. DNA or RNA}, genes, and oligonucleotides, together with their related
complexes, metabolites, mutations, variants, polymorphisms, modifications, fragments,
subunits, degradation products, elements, and other analvies or sample-derived measures. A
marker can also include mutated proteins, switated mucleic acids, variations in copy munbers,
and/or transcript variants, i circumstances in which such mutations, variations in copy
number and/or transcript vanants are useful for generating a prediction model, or are useful
in prediction models developed using related markers {e.g., non-tmutated versions of the
proteins or nucleic acids, alternative transeripts, cte.).

{60124} The term “screen” or a “first analvais” refers to a step in the first tier of a muliiple
tiered analysis. The screen achieves a hugh specificity and removes a large majority of true
negatives {¢.g., mdividuals not at risk of a health condition}. In vanous embodiments, the
“screen” refers to an i sifico screen that mvolves application of a machine learning model.
For example, such a machine leaming model may analvze sequence information {e.g.,
methylation mformation) and predicts whether individuals are likely to be at risk of the health
condition.

{00125} The phrase “second analvsis” refers to a step in the second tier of a multiple tiere
analysis. The second analysis is performed on individuals whe were identified, using the
screem, as at risk for a health condition. Thus, the second analysis achioves a higher positive

predictive value than the screen, given that the screen removes a large proportion of the true
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negatives. In various erabodiments, the “second analysis™ refers to an iw silico analysis that
involves apphication of a machine leaming model that analyzes sequence information {e.g.,
methylation information} and predicts whether mdividuals have the health condition.

{00126} The phrase “intra-individual analyvsis” refers to an analysis performed for an
mdividual that removes baseline biological signatures that are less informative for
determining whether the individeal s at risk for a health condition. In various embodiments,
the intra-individual analysis involves combining information from target nucleic acids and
reference mucleic acids of an 1ndividual to gencrate a signal informative for determining
presence or absence of one or more health conditions within the individual. By combining
the information from the target nocleic acids and the reference nucleic acids, the generated
signal can be more informative of presence or absence of a health condition in comparison to
asignal derived from the target nucleic acids alone.

{08127} The phrase “target nucleie acids” refers to nucleie acids of an individual that contain
at least signatures that may be informative for determining presence or absence of the health
condition. The target nucleic acids may further include baseline biological signatures of the
individual that are not informative or less informative. In vanous embodiments, target
nucleic acids may be nocleie acids derived from a discased cell that is assoctated with the
health condition. For example, target nucleic acids may be cell-free nucleic acids originating
from cancer cells. Target nucleic acids can be any of DNA, ¢DINA, or RNA. In particular
embodiments, target nucleic acids include DNA.

{00128} The phrase “reference nueleic acids” refers to nucleic acids of an individual that
countain basclive biological signatures of the individual. Here, the baseline biological
signatures of the individual may be present when the mdividual 1s healthy, and therefore, the
baseline biclogical signatures are less informative for determining presence or absence of the
health condition in comparison to sequence information of the target nucleic acids. Refoerence
nucleic acids can be any of DNA, cDNA, or RNA. In particular emobodiments, reference
nucleic acids include DNA.

{00129} & must be noted that, as used in the specification, the singular forms “a,” “an” and
“the” melude plural referends unless the context clearly dictates otherwise.

Overview of Multiple Tier Analvsis

{80138} Disclosed herein s a mudtiple-tiered process for detecting signals indicative of a
health condition in an individual. For example, methods disclosed herein are useful for

detecting circulating tumor DNA from one or more samples obtained from an ndividual. By
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detecting circulating tumor DNA from a sample obtained from the individual, the jndividual
can be identified as having a particular health condition, such as cancer.

{06131} In various embodiments, the multiple-tiered process is a multipart method which
ncludes performing a first analysis of nucleic acid sequence information that was derived
from a first assay performed on a biological sample obtamed from the individual. Thas first
analbysis identifics whether the biological sample is at risk or not at risk of contaiming
circulating tomor DNA. In various embodiments, for a biclogical sample that is determined
to be not at risk of contaming circulating tumor DNA, the multipart method further includes
performing an intra-individual analysis and a second analysis. Tn various embodiments, the
mtra-individual analysis includes obtaining target nucleic acids and reference nucleic acids
from the biological sample or an additional biological sample obtained from the individual;
processing the target nucleic acids and reference nucleic acids to gencrate a dataset
comprising methylation information from the target nocleic acids and methvlation
information from the reference nucleic acids; and using a computer processor, combining the
methylation mformation from the target nucleic acids and the methylation information from
the reference nucleic acids to generate background-~corrected methylation information for the
target nucleic acids. Here, the background-corrected methylation mformation ts more
mformative for determining presence or absence of a health condition within the individual.
In various embodiments, performing the second analysis comprises analvzing the
background-corrected methylation information to detect the presence of the circulating tumor
DNA in the biological sample. By detecting presence of circulating tumor DNA in the
biological saruple, the mdividual can be wdentified as having cancer.

{60132} Generally, multi-tier testing methodologies described herem achieve significant
improvements in comparison o conventional testing methodologies (e.g., single tier testing
methodologies). For example, the multi-tier testing methodologies described herein achieve
mmproved performance metrics {¢.g., sensitivity, specificity, posttive predictive value (PPV),
and/or negative predictive value (NPV}) in comparison to conventional methodologies. In
particular embodiments, the combination of a first tier and a second tier testing achieves
improved specificity {c.g., true negative rate reported as a proportion of correctly identified
negativesy in comparison 1o conventional methodologies.

{80133} In some scenarios, the multi-tier testing methodologies described herein rapidly and
accurately screen out a large proportion of individuals m a first tier through a more efficient,

lower cost tier 1 tost, followed by a more nigorous tier 2 test on the remaining subpopulation
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of paticunts. Here, the multi-tier testing methodology can achieve overall performance metrics
that are comparable to or not substantially less than the overall performance metrics of
conventional methodelogies. Altogether, by rapidly and accurately screening out a large
proportion of individuals in a first tier, ondy a small sumber of individuals undergo the more
rigorous fier 2 festing. This represents an improverent in comparison 1o conventional
methodologies that attempt to apply rigorouns tests across the entire population, which
requires substantial resources. Thus, even in scenarios where the multi-tier testing
methodologies achieve performance metrics comparabie to those of conventional
methodologies, the multi-tier testing methodologies deliver improved performance as a
function of resource consumption. Examples of resource consumption inchude time
TesOUrees, monetary resources, resources of consurable goods {e.g., consumable assay
reagents). In various embodiments, the multi-tier testing methodologies disclosed herein
achicve at least a 10% redaction in resource consumption in comparison o a corresponding
single-tier test. In various embodiments, the multi-tier tosting methodologics disclosed herein
achieve at least a 20% reduction, at least a 30% reduction, at least a 40% reduction, at least a
50% reduction, at least a 60% reduction, at least a 70% reduction, at least a 80% reduction, or
at feast a 0% reduction in resource consumption in comparison to a corresponding single-
ticr test. In various emibodiments, the multi-tier testing methodologics disclosed herein
achieve at least a 60% reduction m resource consumption in comparison {0 a corresponding
single-tier test.

{00134} Additionally disclosed herein is a multiple-tiered process for screening a patient
population and wentifying a subset of the individuals in the population as having a health
condition. The multiple ticred process includes at least a first tier of screening and removing
a large proportion of individuals in the population that are not at risk for the health condition.
Then, for individuals identified as at nsk for the health condition, a second tier involving a
sccond analysis 1s performed to identify candidate subjocts who have the health condition. T
various embodiments, prior to performing the second analysis, methods involve performing
an intra-individual analysis for individuals identified as at risk for the health condition. For
exarple, the intra~individual analysis can involve generating a signal by removing baseline
biological signatures that are less informative for determining whether the individual 1s at risk
for a health condition. Thus, the second analysis involves analyzing the generated signal,
which 1s more informative for determining presence or absence of one or more health

conditions within the individual.
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{00138} In various emboduments, the first ticr of screening can involve a simplified molecular
test with high specificity to screen out the vast majority of true negatives. The second tier of
screening can involve applying a molecular test of increased complexity to the resultant
mixed true positive/false positive {TP/FP) population that aclueves a much tugher positive
predictive vahue. Thus, given a large patient population {e.g., millions, tens of millions, or
hundreds of mullions of patients), the multiple-tiered process enables the rapid removal of a
large proportion of mdividuals {¢.g., greater than 80% of the patient population} representing
true negatives, and cnables the wdentification and diagnosis of a subsct of the population
representing true positives at a high positive predictive value (PPV). In vanous
embodiments, the individuals identified as true positives, also referred to herein as candidate
subjects, can undergo subsequent monttoring and/or treatment. In some crubodiments, the
candidate subjects and be selected for envollment in a clinical trial {o.g., a climcal trial
relevant for the health condition).

108136} In particular embodiments, the multiple-tiered process disclosed herein is useful for
detecting rare or low incidence health conditions. For example, the rare or low incidence
health condition may have an inaidence rate of |in 100, 1in 1,000, 1 in 10,000 individuals, 1
it 100,000 individaals, 1 in 1,600,000 individuals, 1 i 10,000,000 individuals, I in
100,000,000 mdividuals or 1 in 1,000,000,000 individuals. Theretore, the disclosed multiple-
tiered process represents a significant improvement over current methodologies that suffer
from poor specificity or sensitivity which contributes to their inability to detect rare or low
incidence conditions with sufficient positive predictive value.

{66137} In various embodunents, the multiple-ticred process can be performed for diagnosing
a subset of the individuals in the population as having a plurality of health conditions. In
various embodiments, the multiple-tiered process can be performed for diagnosing a subset of
the individuals in the population as having one of two or more, three or more, four or more,
five or more, six or More, seven o more, cight or more, nine or mwore, ton or more, cleven or
maore, twelve or more, thirteen or more, fourteen or more, fifteen or more, sixicen or more,
seventeen or more, eighteen or more, nincteen or more, of twenty or more different health
conditions. In particular embodiments, the health conditions are forms of cancer. In
particular enbodiments, the multiple-tiered process can be performed for diagnosing a subset
of the individuals 1 the population as having one of ten or more different cancers. In
particular embodiments, the multiple-tiered process can be performed for diagnosing a subset

of the individuals in the population as having one of fifteen or more different cancers. In
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particular crabodiments, the multiple-tiered process can be performed for diagnosing a subset
of the individuals in the population as having one of twenty or more different cancers. In
particelar embodiments, the different cancers are early stage cancers or preclinical stage
cancers. Further examples of health conditions are detailed herein.

{30138} In particular embodiments, the multiple-tiered process disclosed herein is useful for
dentifving a signal in samples obtained from ndividuals of a patient population. For
gxample, the signal in a sample can be informative for a presence of a health condition. In
particular cebodiments, the signal is informative for a presence of a rare health condition that
has a low incidence rate of 1in 100, { n £,000, 1 in 10,000 ndividuals, 1 in 100,000
imdividuals, 1 in 1,000,000 individaals, 1 in 10,000,000 individuals, 1 in 100,000,000
ndividuals or 1in 1,000,000,000 individuals. Thus, the multiple-tiered process is useful for
wnproving a likelihood that the detected signal is anthentic. Here, the multiple-tiered process
can include: (a) performing an analysis of sequence information of nucleie acids in a sample
to deternune whether the analysis generates a result correlative with presence of a human
condition, and then if the result is detected: {(b) analyzing the sequence information of the
nucleic acids in the sample by performing a second analysis to determine if the second
analysis generates the signal. In various embodiments, if the signal is detected, then the
probability the signal in the sample is authentic is higher as compared to a probability that a
signal 1s authentic when generated by an analogous method that omits step (a). In particular
embodiments, the signal in a sample can be informative for an absence of a health condition.
Here, the multiple-tiered process can include: {a) performing an analysis of sequence
information of nucleic acids in a sample to determine whether the analysis generates a result
correlative with absence of a human condition, and then if the result is detected: (b) analyzing
the sequence information of the nucleic acids in the sample by performing a second analysis
to determine if the second analysis generates the signal. In various embodiments, if the
signal is detected, then the probability the signal in the sample is authbentic is higher as
compared to a probability that a signal is authentic when generated by an analogous method
that omiis step (a}.

[00139] Figure (FIG.) 1A depicts an overall flow process 100 of the multiple-tiered process
for identifying an individual with a bealth condition, m accordance with an embodiment.
Althoagh FIG. 1A shows the flow process in relation to a single individual 110, in various
cmbodiments, the flow process can be performed for more than a single individual 110 {c.g.,

for thousands, nulhions, tens of millions, or bundreds of mullions of individuals}.
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100140} FIG. 1A shows a first tier {e.g.. assay 120A and screen 125}, an intra-individual
analvsis 128 (optionally assay 120B), and a second tier (second analysis 130} of the multiple-
tiered analysis. Generally, the second tier involves a more complex molecular test and
analysis in comparison to the first tier. In various embodiments, the more complex molecular
test of the second tier 18 more expensive to perform than the simpler molecular test of the first
tier. By employing a cheaper and less complex test, the first tier can identify and remove of
mdividuals that are not at risk of the health condition. The more complex molecular test and
analysis of the second tier enables accurate identification of the remaining individuals that
likely have the health condition. In various embodiments, between the first tier and the
second tier, the method involves an intra-individual analysis that removes baseline biclogical
signatures. For example, the intra-individual analysts can be performed to remove baseline
bwlogical signatures in sequencing information (hereafter referred to as “background-
corrected information”) prior to the performance of the second tier {e.g., a more complex
molecular test in comparison to the first ticry. Thus, the more complex molecular test of the
second tier can be applied to analyze the background-corrected mformation to achieve an
improved identification of mdividuals with a health condition.

{80141} Although FIG. 1A shows a first tier and a second tier of a multiple-tiered analvsis, in
various embodiments, there may be additional tiers for further classifying individuals. In
various embodiments, the multiple-ticred analysis inchudes three or more tiers, includes four
or more tiers, includes five or more tiers, includes six or more tiers, mchudes seven or more
tiers, includes eight or more ticrs, includes nine or more tiers, or includes ten or more tiers.
{00142} In various embodiments, the combmation of the first tier and the second tier cnables
the ultimate high performance (e.g., high positive predictive value) of the multiple-tier
analysis. In various embodiments, the first tier and the second tier interrogate different
markers from samples obtained from individuals. This can be beneficial because different
markers can provide different information. In some cases, different markers can be
mformative for different predictions {¢.g., whether an individual is at risk of a health
condition, or whether an individual has a health condition}. As an example, the first tier may
analyze protein markers from samples obtained from individuals whereas the second tier may
analvze sequencing data derived from nucleic acids in the samples obtained from individuals.
{80143} In various embodiments, the first tier and second tier interrogate the same type of
markers from samples obtained from individuals, but at different levels of detail. For

cxample, the first tier may involve the analysis of methylation statuses for a linuted, pre-
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selected set of genomuie sites. The differential methylation of the lumited, pre-selected set of
genomic sites 1s sufficient to enable identification of individuals not at nisk of the health
condition. Additionally, the second tier may involve the analysis of methylation statuses for
a larger set of genonuc sties. In one scenario, the second tier involves analysis of methvlation
statuses for the whole genome (e.g., through whole genome bisulfite sequencing). The
differential methylation of the larger set of genomic sites enables accurate identification of
the remaining individuals who have the health condition. As another example, the first tier
may nvolve the analysis of shallow sequencing data. Here, shallow sequencing data is
sufficient to identify and remove individuals who are not at risk for a health condition. The
second tier may involve analysis of sequencing data denived from deeper sequencing, which
is sufficient to identify individuals who have the health condition.

[00144] As shown 1 FIG. 1A, one or more samples are obtained from the individual 110, Tn
various embodiments, a sample is any of a blood sample, a stool sample, a urine sample, a
mucous sample, or a saliva samaple. In particular embodiments, the one or more samples
obtained from the individual 110 are blood samples. The sample can be obtained by the
individual or by a third party, e.g., a edical professional. Examples of medical
professionals inclade physicians, emergency medical technicians, nurses, first responders,
psychologists, phicbotonuist, medical physics personnel, nurse practitioners, surgeons,
dentists, and any other obvious medical professional as would be known to one skilled in the
art. In various embodiments, the one or more samples can be obtained from the individual
110 by a reference lab.

{00148} In various embodiments, the sample obtained from the mdividual 1s a liquid biopsy
sample obtained at a first pomnt in fime. In vartous embodiments, the liguid biopsy sample
may include various biomarkers, examples of which mchude proteins, metabolites, and/or
nucleic acids. In particular embodiments, the liguid biopsy sample includes cell-free DNA

{cfDNA) fragments. In particular embodiments, the ¢fDNA fragments include genomic
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sequences corresponding to CpG islands for which methylation states are informative of the

‘

health condition.

{00146} In various embodiments, a plurality of liquid biopsy samples are obtained from the
mndividual 110 at a plurality of different points in time. For example, a first liquid biopsy
sample can be obtained at a first imepoint and at least a second liquid biopsy sample can be
obtained from the individual 110 at a second timepoint. In such embodiments, the first hquid

biapsy sample can be used for performing the screen {c.g., screen 125) and the second hiquid
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biopsv can be used to perform a sccond analvsis {¢.g., second analvsis 130} mvolving an
intra-individual analvsis. Obtaining a plurality of hguid biopsy samples from the individual
at a plurality of different points in time includes obtaining a number M of liguid biopay
samples, wherein Misone of: 2, 3,4, ..., N-1, N, wherem N 15 a positive integer.

[00147] An assay 120A is performed on the obtained sample(s) 115A 1o generate marker
mformation. An example of marker information can inclode quantitative levels of a
biomarker, such as a protein biomarker, nucleic acid biomarker, metabolite biomarker, that is
present in the sample. Another examples of marker mformation is sequence tormation for a
plurality of genomice sites. In various embodiments, given that the assay 120A may be
performed on a large namber of samples {e.g., nnllions of samples} obtained from a large
patient population, the assay 120A be a simplified molecular test that generates marker
mformation that can rapidly distinguish between individuals at risk and individuals not at risk
for a health condition. For example, the marker information can include quantitative levels of
a biomarker, such as a protein biomarker, nucleic acid biomarker, metabolite biomarker, that
can rapidly guide the identification and removal of individuals not at nisk for the health
condition As anothor example, the marker mformation can be sequence mformation for a
hmited number of genomic sites that are sufficient for identifving individeals who are not at
risk for the health condition {c.g., truc negatives}. In particular embodiments, the sequence
mformation for a plurality of genomic sites meludes methylation information, such as
methylation statuses for the plurality of genonuce sites. In various embodiments, the plurality
of genomic sites inclade a plurality of CpG islands (CGIs) whose differential methylation
status may be indicative of risk for the health condition. Further details regarding the assay
120A are described herein.

[00148] A screen 125 is performed to analyze the marker information generated by the assay
{20A. For example, the screen 125 can involve an in sifico analysis of the marker
mformation. In various erabodiments, the marker information includes gquantitative values of
biomarkers. Therefore, the screen 125 can identify and remove individuals whose
guantitative values of biomarkers indicate that the individuals are not at visk ot the health
condition. In various erabodiments, the marker information is sequence information fora
plurality of genomie sites. Therefore, the screen 125 mvolves deploying a tramed machine
leamning model that analyzes the sequence information for the plarality of genomic sites and
predicts whether an mdividual is at risk for a health condition. If the screen 125 identifies the

mndividual as not at risk for the health condition (as indicated in FIG. 1A as “If negative”),
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then the mdividual 110 can be reported as not at risk for the health condiion. Thus, the
ndividual 110 need not undergo subsequent analysis and need not be further tracked.

{80149} Alternatively, if the screen identifies the individaal as at risk for the health condition
{as mdicated 1 FIG. 1A as “If positive” following screen 125), then the individual 110
undergoes at least another tier of testing. As shown in FIG. 1A, a second analysis 130 can be
performed for individoals identified as at risk for the health condition.

{00150} Referring to the intra-individual analysis 128, the analysis is conducted for a specific
individual, such as an individual identified via the screen 123 as at risk for the health
condition. Therefore, for a particular patient, the intra-individual analysis 15 performed to
remove baseline biological signatures that are present i the patient irrespective of whether
the patient has a health condition or does not have the health condition. These baseline
bwlogical signatures would be confounding signals if analyzed to predict whether the patient
has a presence or absence of the health condition. Performing the intra-individaal analysis
128 chiminates these confounding baseline biological signatures while keeping signatures that
are more mformative for determining prosence or absence of the bealth condition. For
example, in processing nucleic acid sequencing mformation to generate a signal that may be
detected, the resulting signal may comprise a mixture of basehine biological signatures {e.g.,
germline mothylation in a pationt} that represent a form of background noise and signatures
mformative of a health condition {¢.g., cancer). Such background noise can obscure a signal
mformative of a health condition. Advantageously, in certain cmbodiments, methods
described herein contemplate subtracting such background noise from a patient’s nucleic acid
sequencing information, thereby tmproving the signal-to~-noise ratio of the signal informative
of a health condition.

{08151} In contrast to an inter-individual analvsis, where, for example, to determine a
presence or absence of one or more health conditions within a patient, an average of baseline
signatures from a group of normal subjects are removed from the nucleic acid sequencing
mformation of the patient, it has been discovered that performing an intra-individual analysis
can significantly improve the sensitivity or specificity of detecting a signal informative for
deternuning presence or absence of the health condition.

{00132} Generally, the intra-individual analysis 128 mvolves generating information from at
least target nucleic acids and reference nucleic acids from one or more samples obtained from
the patient. In various embodiments, the intra-individual analysis 128 is performed on

sequence mformation. Such sequence information may be generated by assay 1204, as
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shown in FIG. TA, In such scenarios, the sequence information geuerated by the assay 120A
can be used to perform both the screen 125 and the intra-individual analvsis 128, In various
embodiments, the intra-individual analysis 128 i3 performed on sequence information
generated by an assay {e.g., assay 1208) different from assay 120A. As shown in FIG. 1A,
the performance of assay 120B is optional (as mdicated by the dotted line). In vanous
embodiments, the assay 120B is performed on sample 115A, which is the same sample 115A
on which assay 120A was performed. In various embodiments, the assay 1208 is performed
on a second sample obtained from individual 110, where the second sample s different from
sample 115A, For example, the sccond sample can be obtained from the individual 110 ata
different imepoint than when the sample 115A was obtained from the individual 110, Thus,
the screen 125 and the mtra~ndividual analysis 128 are performed on information geverated
from assays performed on different samples. Further dotailed embodiments of the samples
and/or assays that are used to perform the mtra-individual analysis 128 are described below in
reference to FiGs. 1B and 1C.

{60153} In various embodiments, the intra-tndividual analysis 128 mmvolves combining
fnformation from target nucleic acids and the reference nucleie acids to generate a signal
mformative for determining presence or absence of one or more health conditions within the
patient. By combining the information from the target nucleic acids and the reference nucleic
acids, the generated signal can be more mformative of presence or absence of a health
condition in comparison to a signal derived from the target nucleic acids alone. For example,
the information from the reference nucleic acids can represent baseline biology of the patient.
By combining the information from the target nucleic acids and the reference nucleic acids,
the baseline biology of the patient, which may not be informative for the presence or absence
of a health condition, is removed from the gencrated signal. Thus, information of the target
nucleic acids that are not attributable to the patient’s baseline biclogy remains and is included
in the generated signal for determining presence or absence of one or more health conditions
mn the patient.

{00154} Referring next to the second analysis 130 shown in FIG. 1A, the second analysis 130
may reveal that the mdividual does not have the health condition. If the mdividual is
predicted to not have the health condition {e.g., “if negative” as shown i FIG. 14), then the
individual is reported as not having the health condition. In various embodiments, the
mdividual reported as not having the health condition can be further monitored, given that the

screen 125 wdentified the individual as at nisk for the health condition {or not identified as not
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at risk). Alternatively, if the individual s predicted to have the health condition {e.g., “if
positive” as shown 1 FIG. 1A following second analvais 130), the ndividual is reported as
having the health condition. In various embodiments, the individual 1s monitored for
progression of the health condition. In various embodiments, the individual 1s provided a
treatment to control or revert the health condition. In various embodiments, the individual 1s
selected for enrollment in a chinical trial.

100155} Generally, the multiple-tiered analysis {e.g., multiple-ticred analysis involving the
screen 125 and second analysis 130 or multiple~tiered analysis tnvolving each of the screen
125, intra-individual analysis 128, and second analysis 130) enables the rapid identification
of a large proportion of individaals (e.g., greater than 0% of the patient population)
representing truc negatives, and further cnables the accurate identification and diagnosis of a
subset of the population representing true positives. The overall multiple-tiered analysis
{e.g., multiple-tiered analvsis mvolving the screen 125 and second analysis 130 or multiple-
tiered analysis involving cach of the screen 123, intra~-individual analysis 128, and sccond
apnalysis 130} achieves one or more performance metrics, such as metrics of sensitivity,
specificity, positive predictive value (PPV}, and/or negative predictive value (NPV)L
Sensitivity is the trae positive rate, reported as a proportion of correctly identified positives.
Specificity is the true negative rate reported as a proportion of correctly identified negatives.
Positive predictive value refers to the number of true positives divided by the sum of true
posttives and false positives. Negative predictive value refers to the troe negative rate
divided by the sum of true negatives and false negatives.

{06156] In various cmbodiments, the overall multiple-tiered analysis (e.g., multiple-ticred
analysis involving the screen 125 and second analysis 130 or multiple-tiered analvsis
involving each of the screen 125, intra-individual analysis 128, and second analysis 130}
achieves at feast 60% sensitivity in detecting presence of a health condition. In vartous
crobodiments, the overall multiple-ticred analysis achicves at least 61%, at least 62%, at least
63%, at least 64%, at least 65%, at least 66%, at least 67%, at least 689, at least 69%, at least
T0%, at least 71%. at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least
T7%, at least 78%, at least 7996, at least 80%, at least 81%, at least 82%, at least 83%, at least
4%, at least 83%, at least 8696, at least §7%, at least 88%, at least 89%, at least 0%, at least

91%, at least 92Y%, at least 939, at least 94%, at least 95%, at least 96%, at least 97%, at least

&

98%, at least 99%, at least 99.1%, at least 99 2%, at least 99 3%, at least 99 4%, at least

09 5%, at least 99 6%, at least 99.7%, at least 99.8%, or at least 99.9% sensitivity. In
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particular crabodiments, the overall multiple-tiered analysis achicves at least 70% sensttivity.
In particular embodiments, the overall multiple-tiered analysis achieves at least 71%
sensitivity. In particelar embodiments, the overall maltiple-tiered analysis achieves at least
72% sensitivity. In particular embodiments, the overall multiple-tiered analysis achieves at
least 73% sensitivity. In particular embodiments, the overall multiple-ticred analvsis achieves
at least 74% sensitivity. In particular embodiments, the overall multiple-tiered analysis
achicves at least 75% sensitivity.

{00187} In various embodiments, the overall multiple-tiered analvsis (e.g., multiple-tiered
analysis involving the screen 125 and second analysis 130 or multiple-ticred analvsis
mvelving each of the screen 125, intra~-individual analysis 128, and second analysis 130}
achieves at feast 60% specificity in excluding individuals without the health condition. To
various embodiments, the overall multiple-tiered analvsis achieves at least 61%, at least 62%,
at least 63%, at least 649, at least 639, at least 66%, at least 67%. at least 68%, at least 69%,
at least 70%, at least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%

> ] >

at least 77%, at least 78%, at least 79%, at least 80%, at least 81%. at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 959, at least 96%, at least 97%,
at least 98%, at least 99%, at least 99.1%, at least 99.2%, at least 99.3%, at lcast 99.4%, at
least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9% specificity. In
particular embodiments, the overall multiple-tiered analysis achicves at least 99% specifieity.
In particular embodiments, the overall multiple-tiered analysis achicves at least 99.5%
specificity. In particular embodiments, the overall multiple-ticred analysis achicves at least
99.9% specificity.

{08158} In various embodiments, the overall mudtiple-tiered analysis (e.g., multiple-tiered
analysis involving the screen 125 and second analysis 130 or moltiple-tiered analysis
mvolving cach of the screen 125, iotra-individual analysis 128, and sccond avalysis 130}
achieves a particular sensitivity and a particular specificity. The combination of the
sensitivity and specificity limits both the number of false positives and the number of false
negatives. In various erabodiments, the overall multiple-tiered analysis achieves between
70% 1o 90% sensttivity and between 90% to 100% specificity. In vanouns embodiments, the
overall multiple-tiered analysis achieves between 75% to 89% sensitivity and between 90%
ta 100% specificity. In various embodiments, the overall multiple-tiered analysis achieves

between 80% to 88% sensitivity and between 90% to 100% specificity. In various
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embodiments, the overall sultiple-ticred analvsis achueves between 83% 1o 87% sensitivity
and between 90% to 100% specificity. In various embodunents, the overall multiple-tiered
analysis achieves between 84% to 86% sensitivity and between 90% to 100% specificity. In
various embodunents, the overall multiple-tiered analysis achieves about 85% sensitivity and
between 90% to 100% speaificity.

{00159} In various embodiments, the overall multiple-ticred analysis {e.g., multiple-ticred
analysis involving the screen 125 and sccond analysis 130 or muldtiple-tiered analysis
invoiving cach of the screen 125, tdra~individual analysis 128, and second analysis 130}
achieves between 709% to 90% sensitivity and between 91% to 99% specificity. In various
embodiments, the overall multiple-tiered analvsis achieves between 70% to 50% sensitivity
and between 92% to 98% specificity. In various embodiments, the overall multiple-ticred
analysis achicves between 70% to 90% scnsitivity and between 93% to 97% speaficity. In
various embodiments, the overall smdtiple-tiered analysis achieves between 70% to 90%
sensitivity and between 97% to 96% specificity. In various embodiments, the overall
multiple-tiered analysis achicves between 70% to 90% sensttivity and about 95% specificity.
{80168} In various embodiments, the overall multiple~tiered analvsis (e.g., multiple-tiered
analysis involving the screen 123 and second analysis 130 or moltiple-tiered analysis
mvolving cach of the screen 123, mtra-individual analysis 128, and second analysis 130}
achieves between 75% to 89% sensitivity and between 91% to 99% specificity. In various
embodiments, the overall multiple-ticred analysis achieves between 80% to 88% sensitivity
and between 92% to 98% specificity. In various embodiments, the overall multiple-tiered
analvsis achicves between 83% to 87% sensitivity and between 93% to 97% specificity. 1o
various embodiments, the overall multiple-tiered analvsis achieves between 84% to 86%
sensitivity and between 94% to 96% specificity. In various embodiments, the overall
multiple-tiered analysis achieves about 85% sensitivity and about 95% specificity.

{00161} In various embodiments, the overall multiple-ticred analysis {¢.g., multiple~ticred
analvsis involving the screen 125 and second analysis 130 or multiple-tiered analysis
wvoiving cach of the screen 125, tntra-individual analysis 128, and second analysis 130}
achieves at least 609 positive predictive value. In various crabodiments, the overall
multiple-tiered analysis achieves at least 20% posttive predictive value. In various
embodiments, the overall multiple-tiered analvsis achieves at least 20%, at least 21%, at least

G/

22%, at least 23%, at least 24%, at least 25%, at least 26%, at least 27%, at least 28%, at least

-

299, at least 30%, at least 31%, at least 32%, at least 33%. at least 3495, at least 359, at least
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36%, at least 37%, at least 389, at least 39%, or at least 40% posttive predictive value. In
various embodiments, the overall multiple-tiered analysis achieves at least 40% positive
predictive value. In various embodiments, the overall multiple-tiered zmalysis achieves at
least 40%, at least 41%, at least 42%, at least 43%, at least 449, at least 459%, at least 46%, at
feast 47%, at least 48%, at least 49%, at least 0%, at least 519, at least 52%, at least 53%, at
least 34%, at least 33%, at least 56%, at least 7%, at least 58%, at least 59%, or at least 60%
posttive predictive value. In various embodiments, the overall multiple-ticred analysis
achieves at least 6196, at least 62%, at least 63%, at least 64%, at least 63%, at least 669, at
least 67%, at least 68%, at least 6995, at least 70%, at least 71%, at least 72%, at least 73%, at
least 74%, at least 75%, at least 76%, at least 77%, at least 78%, at least 79%, at least 809, at
lcast 819, at least 82%, at least 83%, at least 84%, at least 85%, at least 869, at lcast 87%, a
lcast 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 93%, at least 96%, at least 97%, at least 989, at least 99%, at least 99.19%, at least
99.2%, at least 99.3%, at least 99 4%, at least 99.5%, at least 99 6%, at least 99 7%, at least
99.8%, or at least 99 9% positive predictive value. In particular embodiments, the overall
multiple-tiered analysis achieves at least 80% positive predictive value. In particular
embodiments, the overall maltiple-tiered analveis achieves at least 81% positive predictive
value. In particular cmbodiments, the overall multiple-tiered analysis achieves at feast 82%
posttive predictive value. In particular embodiments, the overall muoltiple-tiered analvsis
achieves at least 83% positive predictive value. In particular embodiments, the overall
multiple-tiered analysis achieves at fcast #4% positive predictive value. In particular
embodiments, the overall multiple-ticred analvsis achieves at least 83% positive predictive
value.

{08162} In various embodiments, the overall mudtiple-tiered analysis (e.g., multiple-tiered
analysis involving the screen 125 and second analysis 130 or moltiple-tiered analysis
mvolving cach of the screen 125, intra~-individual analysis 128, and sccond analysis 130}
achieves at least 60% negative predictive value. In various embodiments, the overall
multiple-tiered analysis achicves at feast 61%. at least 62%, at least 63%, at least 64%, at
least 65%, at least 66%, at least 67%, at least 68%, at least 69%, at least 70%, at least 71%, at
least 72%, at least 739%, at least 749, at least 75%, at least 76%, at least 77%, at least 78%, at
least 79%, at least 80%, at least 819, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86Y%%, at least 87%, at lcast 88%, at lcast 89%, at least 90%. at least 91%, at least 929, at

least 939, at least 94%, at least 95%, at least 96%, at least 97%. at least 98%, at least 99%, at
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feast 99.1%, at least 99.2%, at least 99.3%, at lcast 99.4%, at least 99.59%, at least 99.6%, at
least 99.7%, at least 99.8%, or at least 99.9% vegative predictive value. In particular
embodiments, the overall multiple-tiered analvsis achieves at least 98% negative predictive
value. In particular embodiments, the overall multiple-tiered analysis achieves at least 99%
negative predictive value. In particular embodiments, the overall multiple-tiered analysis
achieves at feast 99 4% negative predictive value.

{06163} In various embodiments, individuals that are identified as having the health condition
can undergo additional analysis. The additional analysis can refer to classification of the
mdividuals 1dentified as having the health condifion as candidate subjects who are selected
for enrollment in a clinical trial. Thas, the meltiple-tiered analysis disclosed herein enables
the accurate identification of individuals (from amongst a large patient population) who have
a health condition and therefore, mect the chigibility criteria for envollment m a chnical trial,
The multiple-ticred analysis enables clinical trials to avoid enroliment of individuals who do
not have the health condition, thereby reducing the consumption of resources that otherwise
would have been miustakenlv dedicated to these individuals.

{86164} In various embodiments, the additional analysis refers to a longitudinal monttoring of
the individuals identified as having the health condition. For example, at a subsequent
tmepoint, an additional sample may be obtained from the individual identified as having the
health condition and an assay {¢.g., assay 120A or assay 120B) can be performed to generate
marker mformation. The marker information can be analyzed by performing one or both of
the screen and second analysis. The results from the screen and/or second analysis can be
compared to the results of the prior screcn and/or second analysis to understand the
longitudinal changes to the individual’s health condition. In some scenarios, the longitudinal
changes can guide an interventional therapy that is provided to the individual. Further details
of the longitadinal analysis is described herein.

{00165} Reference 1s now made to FIGs. 1B and 1C, cach of which shows an overall flow
process involving an intra~individual analysis and second analysis. In general, the intra-
mdividual analysis 128 and second analysis 130 are conducted for individual paticnts that
were previously deterouned (e.g., via screen 125 as shown in FIG. 1A} as at risk for the
health condition or not identified as not at risk. The intra-individual analvsis 128 removes
baseline biological signatares that are specific for an individual patient to generate a
background-corrected signal. Thus, the sccond analysis 130 involves analyzing the

background-corrected signal to deternune whether the individual has the health condition.
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Although F1Gs. 1B and 1€ each shows the flow process in relation to a single individual, in
various embodimenis, the flow process can be performed for more than a single mdividual
{¢.g., for thousands, millions, tens of milhons, or hundreds of millions of individuals).
{00166] Referring first to FIG. 1B, ¢ shows an embodiment in which the intra-individual
analvsis 128 and second analysis 130 are conducted usmg a single sample 1135, In various
embodiments, the sample 115 is a blood sample, a stool sample, a urine sample, a mucous
sample, or a saliva sample. In particular embodiments, the sample 115 obtained from the
individual is a blood sample. The sample 115 can be obtained by the mdividual or by a third
party, e.g., amedical professional. Examples of medical professionals include physicians,
emergency medical technicians, nurses, first responders, psychologists, phlebotomist,
medical physics personnel, nurse practitioners, surgeons, dentists, and any other obvious
medical professional as would be known to one skilled n the art. In various embodiments,
the sample 115 can be obtaned from the individual by a reference lab. In variouns
embodiments, the single sample 115 may be the same sample (e.g., sample 115A shown in
FIG. 1A} obtained from the individual that was previously used for performing the assay
1204 and the screen 125

{80167} In various embodiments, target nucleic actds and reference nucleic acids can be
obtained from the single sample 115, Target nucleic acids may mnclude signatures that are
mformative of detenmining presence or absence of a health condition, and can further include
baseline biological signatures. Here, target nucleic acids in the blood sample may be derived
from a diseased cell which is associated with the health condition. For example, target
nucleic acids can nclude cell-free DNA in the blood that onginates from a diseased cell. In
particular embodiments, target nucleic acids are cell-free DNA in the blood that originates
from a cancer cell. Reference nucleic acids in the sample 115 refer to nucleic acids that
contain baseline biclogical signatures of the individual. For example, baseline biclogical
signatures of the mdividual may be preseot in nucleic acids urespective of whether the
nucleic acids oniginate from a diseased source, or a non-diseased source. The baseline
biological signatures of the reference nucleic acids are generally less informative for
deternuning presence or absence of a health condition in comparison to the informative
signatures present i the target nucleic acids. In various embodiments, reference nucleic
acids refer to eellular genomic DNA derived from a healthy cell from the individual. In
various embodiments, reference mucleic acids found in the sample derive fromacellina

bealthy organ of the individual. Example organs mnclude the brain, heart, thorax, lun
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abdomicn, colon, cervix, pancreas, kidney, liver, muscle, lymph nodes, csophagus, mtestine,
spleen, stomach, and gall bladder. In particular embodiments, reference nucleic acids are
found in the sample and refer to cellular genomic DNA derived from peripheral blood
mononuclear cells (PBMCs) {e.g., lymphocyies or monocytes) or polymorphonuclear cells
{e.g., cosinophils or neutrophils}.

{00168} In various embodiments,, target nucleic acids and reference nocleic acids are
separately obtained from the single sample 115, In various embodiments, the sample is
processed to separate the target nucleic acids and reference nucleic acids. For example, the
sample may be processed through any one of centrifugation, filtration, gel electrophoresis,
bead capture, or matrix extraction. In particular embodiments, target nocleic acids are cell-
free nucleic acids and therefore, can be obtaimed from the supernatant of the separated
sample. In particular embodiments, reference nucleic acids are cellular genomice nuclere
acids and therefore, can be obtained from a different portion of the separated sample that
contains celis.

{00169} As shown in FIG. 1B, the single sample 115 can be used to perform two separate
assays, such as assay 120A and assay 120B. In various embodiments, a first assay 1204 15
performed to generate information derived from target nucleic acids of the sample 115, In
various emrbodiments, the second assay 120B is performed to gencrate information derived
from reference nucleic acids of the sample 115, As described in further detail herein, the
wntra-individaal analysis 128 is performed to combine the information derived from the target
nucleic acids and the information derived from the reference nucleic acids. Thus, the mtra-
individual analysis 128 generates background-corrected infoumation that is analyzed through
the second analysis 130 to determine whether the individual has a health condition.

{08178} Reference is now made to FIG. 1€, which shows an alternative embodiment in
which two samples {¢.g., labeled as sample 1158 and sample 115C) are used to perform the
mntra~individual analysis 128 and second analysis 130. Here, samples 115B and 115C can be
obtained from an individual previously identified via the screen 125 as at risk for the health
condition or not idendified as not at risk for the health condition. In various embodiments,
one of the samples contains target nucleic acids and the other of the samples contains
reference nueleic acids. Therefore, in such embodiments, target nucleic acids can be obtained
from one of the samples, and reference nucleic acids can be obtained from the other of the
samples. Separate assays {¢.g., assay 120A and assay 1208) can be performed on the target

vucleic acids and the reference oucleic acuds.
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{00171} In the particular embodiment shown n FIG. 1€, saraples 113B and 115C are
obtained from the mmdividual and used to perform the intra~individual analysis 128 and second
analysis 130, In various embodiments, one of the samples can be sample 115A that, as
shown 1o FIG. 1A, was used to perform the assay 1204 and screen 125, Thus, this cnables
the reusability of prior samples as opposed to having to obtain new samples from the
dividual, In vartous embodiments, a plurality of samples 115 are obtained from the
individual 110 at a plurality of different points in time. For example, a first sample 115A can
be obtained at a first timepoint, a second sample 1158 can be obtamed from the individual
110 at a second timepoint, a third sample 1135C can be obtained from the individual 110 ata
third timepoint, and so on. Oblaining a plarality of samples 115 from the individual at a
plurality of different pounts in time includes obtaining 2 number M of samples 115, wherein
Misoncof 2,3, 4, .., N-1, N, wherein N is a positive integer. In such embodiments, target
nucleic acids and reference nucleic acids can be obtained at the different points in time,
thereby enabling intra~-individual analyses 128 and sccond analyses 130 across the different
points in time.  This can cnable the tracking of progression of a health condition over the
different points in time.

{80172} In various embodiments, samples 115 may be processed to extract the target nucleic
acids and reference nucleic acids. In various embodiments, samples can undergo cellular
disruption methods {e.g., to obtam genomic DNA}Y involving chemical methods or
mechanical methods. Example chemical methods include osmotic shock, enzymatic
digestion, detergents, or alkalt treatment. Example mechanical methods include
homogenization, ultrasonication or cavitation, pressure ccll, or ball wull. To varous
embodiments, samples can undergo removal of membrane hpids or proteins or nucleie acid
purification. Example chemical methods for removing membrane lipids or proteins and
methods for nucleic acid purification include guanidine thiocyanate (GaSCN}-phenoi-
chloroform extraction, alkaline extraction, cesium chloride gradient centrifugation with
othidium bromide, Chelex® extraction, or cetylinmethylammonium bromide extraction.
Example physical methods for removing membrane lipids or proteins and methods for
nuclete acid purification fnchude solid-phase extraction methods using any of silica matrices,
glass particles, diatomaceous earth, magnetic beads, anion exchange material, or celhulose
matrix. Further details of nucleic acid extraction methods are described in Ali et al, Current

Nucleic Acitd Extraction Methods and Their Implications to Pount-of-Care Dhagnostics,
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Biomed Res. Int. 2017; 2017:9306564, which is hereby incorporated by reference i its
entirety.

{80173} As shown in FIGs. 1B and 1€, one or more assays {¢.g., assay 120A and/or assay
120B} are performed on the obtained sample 115A and/or sample 113B to generate sequence
mformation. Although methods shown in FIGs. 1B and 1C include the performance of assay
120A, which 15 also performed 1n FIG. 1A, in some embodiments, methods of FiGs, 1B and
1C need not perform assay 120A and instead, perform an assay different from the assay 120A
performed in FIG. 1A, For the itra-individual analysis 128, generally, assays 120 are
performed to generate sequence information for target nucleic acids and to generate sequence
mformation for reference nuacleic acids. In particular embodiments, sequence information
includes statuses for a plurality of genomic sites, such as epigenctic statuses for a plurality of
Cp sites. In various embodiments, epigenctic statuses refer to methyvlation statuses. In
particular embodiments, sequence information of the target nucleie acids and sequence
information of the reference nucleic mchides statuses for two or more, three or more, four or
more, five or more, six or more, seven of more, eight or more, BING OF MOoTe, OF e OF MOTe
common genomic sites. o particular embodiments, sequence imformation of the target
nucleic acids and sequence mformation of the reference nucleic cach includes statuses for 15
or more, 20 or more, 25 or more, 30 or more, 40 or more, 50 or more, 100 or more, 200 or
more, 300 or more, 400 or more, 300 or more, 750 or more, 1000 or more, 2000 or more,
3000 or more, 4600 or more, 5004 or more, 6000 or more, 7000 or more, 8000 or more, 9000
or more, 10000 or more, 11000 or more, 12600 or more, 13000 or more, 14000 or more,
15000 or more, 16000 or more, 17000 or more, 18000 or more, 19000 or more, or 20000 or
more genomic sties. In particular embodiments, sequence information of the target nucleic
acids and sequence information of the reference nucleic each includes statuses for 15 or
mare, 20 or more, 25 or more, 30 or more, 40 or more, 50 or more, 100 or more, 200 or more,
300 or more, 400 or more, 300 or more, 750 or more, 1000 or more, 2000 or more, 3000 or
more, 4000 or more, SO00 or more, 6000 or more, 7000 or more, 8000 or more, 9000 or
more, 10000 or more, 11000 or more, 12000 or more, 13000 or more, 14000 or more, 15000
or more, 16000 or more, 17000 or more, 18000 or more, 19000 or more, or 20000 or more of
the same genomic sites or overlapping genomic sttes. In various embodiments, the plurality
of genomic sites include a phurality of CpG islands (CGls) whose differential methylation
status may be indicative of a health condition. Further details regarding the assays 120 are

described heremn.
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{00174} The mtra-individual analysis 128 mvolves combining the sequence information of
the target nucleic acids and the sequence mformation of the reference nucleic acids to
generate a signal informative for determining presence or absence of a health condition.
Here, the signal informative for determining presence or absence of a health condition is
more informative for determining presence or absence of the health condition in comparison
to the sequence information of the target nucleic acids alone. In particular embodiments, the
signal informative for determining presence or absence of the health condition meludes
informative signatures from the target nucleic acids (e.g.. signatures devived from discased
cells) and excludes baseline biological signatures {e.g., baseline biclogical signatures present
in reference nucleic acids). Further details of the intra-individual analysis 128, and
specifically the generation of the background-comrected signal informative for determining
presence or absence of the health condition, is described hercin,

{30175} In various embodiments, the second analysis 130 involves analyzing the background-
corrected signal from the mtra-individual analysis 128 to predict whether the individual has
the health condition. Thus, as shown i both FIGs. 1B and 1C, the output of the second
analysis 130 can be a determination of whether the mdividual has the health condition. In
various embodiments, the determination can be usefil for gaiding the decision-making for
treating the individual. For cxample, if the determination reveals that the individual has the
health condition, the individual can be provided a therapy (¢ g., a prophylactic therapy ora
preventative therapy) to treat the health condition.

{00176} FIG. 1D depicts example additional analyses {e.g., 6 ticr analysis), in accordance
with an erabodiment. Specifically, FIG. 1D shows example additional avalyses including
third analysis 140, fourth analvsis 142, fifth analysis 144, and sixth analyveis 146, Here, the
additional analyses shown in FIG. 1D can occur after the second analysis 130, as described in
any of F1Gs. 1A, 1B, or IC. Forexample, indivichials that are reported as having a health
condition following second analysis 130 can undergo the additional analyses shows 1 FIG.
1D, In various embodiments, one or more samples are obtained from the individual when
performing the third analysis 140, fourth analysis 142, fifth analysis 144, and sixth analysis
146, In particular erobodiments, a new sample 1s obtained from the individual when
performing each of the third analvas 140, fourth analysis 142, fitth analysis 144, and sixth
analysis 146.

{80177} Generally, the third analysis 140 can involve an mterventional monitoring analysis of

the individuals that were reported as having a health condition. In various embodiments, the
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third analysis 140 can involve performing one or more assays, such as one or more assays
performed during the second analysis 130, as described in any of FIGs. 1A-1C. In various
embodiments, the third analysis 140 mvolves a longitudinal analysis, as 1s described in
further detail berein. Thus, the individual reported as having a health condition can be
continuousty momitored for changes to the health condition. If the third analysis 140 resulis in
a positive result, then the individual can proceed to a fourth analysis 142, In various
embodiments, a positive result refers to detection of an increasing signal indicative of
increasing progression or severity of the health condition. Ifthe third analysis 140 results m
anegative result, then the individuoal can continue to be monitored by repeating the third
analysis 140 {e.g., longitudinal analysis}. In sach scenarios, the third analysis 140 can be
performed for the individual every 1 month, every 2 months, every 3 mounths, every 4
months, every 3 months, every 6 months, every 7 months, every 8 months, every 9 months,
every 10 months, every 11 months, every 12 months, every 2 years, every 3 years, every 4
years, every 5 yeats, every 6 years, every 7 years, every 8 years, every 9 years, or every 10
vears. In particular embodiments, the third analysis 140 can be performed for the individual
gvery 6 months.

{80178} As shown in FIG. 1D, the additional analyses may further include a fourth analysis
142 and/or a fifth analysis 144. In various embodiments, the fourth analysis 142 and the fifth
analysis 144 refer to treatment analvses for the individual. In vanous embodiments, only one
of the fourth analysis 142 and fifth analysis 144 are performed. For example, if the fourth
apnalysis 142 determines that a standard treatment can be provided to the individual and that
the standard treatment results n a successful therapeutic outcorne, then the fifth analysis 144
need not be performed. Thus, as shown mn FIG. 1D, “Branch A7 can be taken which proceeds
directly to the sixth analvsis 146, As another example, if the standasrd treatment of the fourth
analysis 142 does not result in a successful therapeutic outcome, the individual can then
proceed to a fifth analysis 144 with can jnvolve wentifying and providing an altemative
therapeutic. Thus, as shown in FIG. 1D, “Branch B” can be taken i which an individual that
undergoes the fourth analysis 142 further undergoes the fifth analysis 144.

{00179} In various embodiments, the fourth analysis 142 refers to one or more standard
analyses and treatment. For example, the fourth analvsis 142 may involve providing a
standard of care analvsis and/or treatment to the individual. Example standard of care

analyses include an image scan {(¢.g., magnetic resonant imaging (MRI) scan, computed
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tomography (C1) scany, a tissue biopsy. a fluid test, or a companion diagnostic. A standard
of care treatment can be provided to the individual in view of the standard of care analvses.
{80180} In various embodiments, the fifth analysis 144 refers to one or more personalized
analyses and treatment.  An example personalized analysis can include sequencing {e.g.,
DNA or RNA sequencing) to identify presence or absence of certain markers inthe
mdividual, Thus, a personalized treatment can be provided to treat the mdividual according
to the personalized analysis. An example of a personalized treatment can be a personalized
vaceine that includes neocpitopes designed to initiate an jounune respounse in the individual,
{00181} Leading up to the sixth analysis 146, the individual will have received a treatment for
treating a health condition. The sixth analvsis 146 involves performing longitudinal
monitoring of the individual ¢ g, for recurrence of the health condition. In various
embodiments, the sixth analysis 146 can involve obtaining a sample from the mdividual at set
wmtervals of ime, and performing one or more assays on the obtained sample. For example,
the one or more assays performed for the sixth analysis 146 may similarly be the assays
performed for the second analysis 130 or the third analysis 140, as described previously.
Thus, the oue or more assays performed for the sixth analysis 146 can be informative for a

health condition, such as the recurrence of the health condition, in the individual.

Svstem Environment Overview

{08182} FIG. 1E depicts an overall system environment 150 inchuding a condition analysis
system F70 for performing a multiple-ticred analysis, in accordance with an embodiment.
The overall systers environment 150 includes a condition analysis systern 170 for at least
performing one or more steps shown in FIG. 1A, and one or more third party entities [55A
and 155B m communication with one another through a network 160. FIG. 1B depicts one
cmbodiment of the overall system environment 150 in which two third party entities 135A
and 1558 arc nvolved. In other embodiments, additional or fewer third party entities 155 1n
communication with the condition analysis system 170 can be included. The thurd party
entities 155 may communicate with the condition analysis system 170 to enable the condition
apalysis system 170 to perform a screen and/or second analysis.

Third Party Entity
{08183} A third party entity 155 represents a partner entity of the condition analysis system

170 that can operate upstream, downstream, or both upstream and downstream of the

operations of the condition analysis system 170, As one example, the third party entity 155
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operates upstrearn of the condition analysis svstem 170 and provides samples obtained from
patients to the condition analysis svstem 170, Thus, the condition analysis system 170 can
perform assays, a screen, intra-individual analysis, and/or a second analysis to determine
whether the patients are at risk for 3 health condition or bave a health condition. As another
example, the third party entity 155 may process samples obtained from patients by
performing one or more assays on the samples to generaie data. Thus, the third party entity
155 ¢can provide the data derived trom the assays to the condition analysis system 170 such
that the condition analysis system 170 can perform a screen, tntra-individual analysis, and/or
second analysis.

{00184} As ancther example, the third party entity 135 operates downstream of the condition
analysis systern 170, In this scenario, the condition analysis systemn 170 may perform a
screen and determine whether a patient is at risk for a health condition. The condition
analysis system 170 can provide an indication to the third party entity 155 that identifies the
paticnt at risk for the health condition. The third party entity 155 takes appropriate action.
For example, the third party entity 155 notifies the patient regarding a follow-up appourtment
such that an additional sample can be obtained from the patient at the follow-up appomtment
for subsequent analvsis. Further description and examples of the interactions between third
party cntitics 135 and the condition analysis systems 170 are detailed herein.

Network
{03185} This disclosure contemplates any suitable network 160 that enables connection

between the condition analysis system 170 and third party entities 155, The network 160
may comprise any combination of local arca and/or wide arca networks, using both wired
and/or wireless communication svstems. In one embodiment, the network 160 uses standard
communications technologies and/or protocols. For example, the network 160 includes
communication lnks using tochnologies such as Ethernet, 802 11, worldwide interoperability
for microwave access {WiMAX), 3G, 4G, code division multiple access {CDMA), digital
subscriber line (DSL), cte. Examples of networking protocols used for communicating via the
network 160 include mudtiprotoco! label switching (MPLS), transmission control
protocol/Internet protocol (TCP/IP), hyperiext transport protocol (HTTP), simple mail
transfer protocol {SMTP), and file transfer protocol {FTP). Data exchanged over the network
160 may be represented using any suitable format, such as hypertext markup language
{HTML) or extensible markuop language (XML}, In some embodiments, all or some of the
communication hinks of the network 160 may be encrypted using any suitable technique or

techniques,
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Condition Analvsis System

{00186} FIG. ZA depicts a block diagram of the condition analysis system, in accordance
with an embodinent. The block diagram of the condition analysis system 170 15 introduced
to show an embodiment in which the condition analysis svstem 170 meludes one or more
assay apparatuses 203 commumnicatively coupled to a computational system 202, The
computational system 202 can further include computational modules, such as a screen
module 210, signal generation module 2135, condition analysis module 220, and optionally, a
longitudinal analysis modale 230, The computational system 202 can further inclode data
stores such as a machine learning model store 240 for storing one or more trained maching
leamning models. FiG. 2A depicts an embodiment in which the condition analysis system 170
performs one or more assays (e.g., assay 120A or 1208 descnibed in FIG. 1A}, performs the
screen {e.g., screen 125 described in FIG. 1A}, performs the mtra-individual analysis {e. g,
intra-individual analysis 128 described in FIG. 1A}, and performs the second analysis {e.g.,
second analysis 130 descrbed in FIG. 1A}

{86187} In various embodiments, the condition analvas system 170 may be differently
configured than shown in FIG. 2A. For example, although the condition analysis system 170
shown in FIG. ZA includes three different assay apparatuses 205, in various embodiments,
the condition analvsis system 170 includes fewer or additional assay apparatuses. In
particular embodiments, the condition analysis system 170 does not include an assay
apparatus. In such embodiments, the condition analysis system 170 mehudes only the
computational system 202, In these embodunents in which the condition analysis systern 170
does not include an assay apparatus, the condition analysis system 170 may perform the
screen {¢.g., screen 125 described in FIG. TA), mtra-individual analysis {¢.g., intra-individual
analysis 128 described in FIG. 1A), and the second analysis {¢.g., second analysis 130
described in FIG. TA). However, the condition analysis system 170 does not perform an
assay. The assay apparatus 205 may be operated and used by a different entity, such as a
third party entity (¢.g., third party entity 155 described in FIG. 1B). Thus, the third party
cotity can perform assays using one or more assay apparatus 205 and then transmits the data
generated from the assavs to the condition analvsis system 170 for performing the screen

and/or second analysis,
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Assays
{80188} Methods disclosed herein involve performing an assay to generate marker
mformation. Assavs described in this section can refer to cither assay 120A, assay 1208, or
both assay 120A and assay 1208 shown in FIGs. 1A-1C. Reterring to FIG. 2A, performing
an assay can mvolve emploving one or more assay apparatuses 205 to perform the assav. In
various embodiments, marker mformation refers to quantitative values of biomarkers, such as
protein biomarkers, nucleic acid biomarkers, or metabolite biomarkers. Thus, the
quantitative values of biomarkers in a sample can be used to determine whether the individual
is at risk for a health condition. In various embodiments, o determine quantitative values of
protein bromarkers, performing an assay can include performing one or more of an
nmunoassay, a protein-binding assay, an antibody-based assay, an antigen-binding protein-
based assay, a protein-based array, an enzyme-linked immunosorbent assay (ELISA), ora
Western blot. To determine quantitative vahies of mucleic acid biomarkers, performing an
assay can include performing one or more of quantitative PCR {qPCR) or digital PCR
(dPCR). To determine quantitative values of metabolites, performing an assay can include
performing NMR, mass spectrometry, LE-MS, or UPLC-MS/MS.
{80189} In various embodiments, marker information refers to sequence information fora
plurality of genomic sites. The sequence information can then be analyzed to generate a
prediction for an individual {¢.g., whether an individual 1s at nisk for a health condition or
whether the individaeal has the health condition}. In particular embodiments, performing the
assay results in gencration of methylation sequence information. Methylation sequence
information includes mcthylation statuses for a plurality of genomice sites. In various
embodiments, the plurality of genomic sites are previously identified and selected. For
example, the plarality of genomic sites may be one or more Cp@ sites whose differential
methylation are informative for determining whether an individual is at risk for a health
condition. A Cp(F siie 1s portion of a genore that bas cytosine and guanine separated by only
one phosphate group and is often denoted as “S'—C—phosphate—G—3", or “CpG” for
short. Regions with a high frequency of Cp@ sites are commonly referred to as “CG islands”
or “CGls”. It has been found that certain CGls and certain features of certain CGls in tumor
cells tend to be different from the same CGIs or featores of the CGIs in healthy cells. Herein,
such CGls and features of the genome are referred to herein as “cancer informative CGls”
{00196} Reference is made to FIG. 2B, which depicts example methyiation information

usetul for deternuning whether an individual is at risk for a health condition, in accordance
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with an crabodiment. Specifically, FIG. 2B shows that across various types of cancers (e g,
bladder, cervical, colorectal, endometrial, gastric, lung, ovarian, and prostate cancers), sub-
regions within a particalar CGI can exiubit differential methylation in comparison to normal
plasma. Thus, FIG. 2B depicts an example cancer informative CGI such that perfornung the
assay results in the generation of methylation sequence information corresponding to the
sancer informative CGL

{06191} In various embodiments, performing an assay to generate sequence information fora
plurality of genonuic sites mncludes the steps of processing nucleic acids of a sample,
euriching the processed nucleic acids for pre-selecied genomic sequences {e.g., pre-selected
mformative CGIs), amplifying the genomic sequences to generate amplicons, and quantifving
the amplicons including the genomic seguences {¢.g., via sequencing or via quantitative
methods such as an ELISA, quantitative PCR, or DNA or RNA-based assay). In various
embodiments, performing an assay to generate sequence information for a plarality of
genomic sites involves a subset of the proviously mentioned stops. For example, enriching
the processed nucleic acids can be omitied. Therefore, performing an assay may include
processing nucleic acids of a sample, amphifving the pre-selected genonue sequences, and
quantifying the amplicons inchuding the genomic sequences.

{08192} Referring again to any of FIGs. 1A-1C, in varicus embodiments, assay 120A and
assay [20B may both mvolve performing steps of processing nucleic acids of a sample,
enriching the processed mucleic acids for pre-selected genomie sequences {¢.g., pre-selected
nformative CGls), amplifving the genomic sequences to gencrate amplicons, and quantifying
the araplicons ncluding the genoic sequences. In some embodiments, assay 120A and
assay 1208 may differ. For example, assay 120A can exclude the step of ennching nucleic
acids and therefore, includes the steps of processing nucleic acids, amplifying the genomic
sequences, and quantifying the amplicons. Assay 1208 includes the steps of processing
nucleic acids, eonriching genomic sequences, amphitying the genonuc sequences, and
quantifying the amplicons. In various embodiments, assay 120A involves quantifving the
amplicons by performing an ELISA assay or by performing gquantitative PCR whereas assay
1208 iovolves guantifying the amplicons by performing next gencration sequencing.

{00153} In various embodiments, performing an assay {(¢.g., assay 1204 or assay 120B)
mvolves processing nucleic acids {e.g., fDNA fragments} from a sample {e.g., liquid biopsy
sample). In various embodiments, processing nucleic acids includes treating the nucleic acids

to capture methvlation modifications. In various embodiments, processing nucleic acids to
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capture methylation modifications includes performung deamination of cvitosing residucs.
Other techniques include but are not limited to enzymatic methods. In vanious embodiments,
processing nucleic acids to capture methylation modifications includes performing any of
nucleic acid amplification, polvmerase chain reaction {(PCR), methyvlation specific PCR,
bisalfite pyrosequencing, single-strand conformation polymorphism (S5CP) analysis,
methylation-sensitive single-strand conformation analysis restriction analysis, high resolution
melting analysis, methylation-sensitive single-nucleotide primer extension, restriction
analysis, microarray technology, next generation methylation sequencing, nanopore
sequencing, and combinations thereof,

{80194} In various embodiments, performing deamination of cytosine residues is useful for
determining methylation statuses of nucleic acids from a sample. Performing deamination
mvolves providing or exposing nucleic acids from a sample to a deammating agent. In
various embodiments, perfornung deamination of cvtosine residues imvolves performing
selective deamination. Sclective deamination refers to a process in which cytosine residucs
are sclectively deanunated over S-methyleviosine residues. Deamination of evtosine forms
uracil, effectively mducing a € to T point mutation to allow for detection of methvlated
cvtosines. Methods of deaminating cvtosine are known in the art, and include bisulfite
conversion and cnzymatic conversion. Bisulfite conversion enables highly efficient
conversion of unmethvlated cyiosines to uracils of DNA from samples such as whole blood
or plasma, cultured cells, tissue samples, genomic DNA| and formalin-fixed, paraffin-
embedded (FFPE) tissucs. Bisulfite conversion can be performed using commercially
available techuologies, such as Zyvmo Gold available from Zymo Research (hvine, CA) or
EpiTect Fast available from Qiagen (Germantown, MD}. In certain embodiments, the
enzymatic conversion comprises subjecting the nucleic acid to TETZ, which oxidizes
methyviated cyviosines, thereby protecting them, and subsequent exposure to APOBEC, which
converts unprotected (uomethylated) cytosines to uracils,

{00185} In various embodiments, performing the assay includes enriching for specific
genomic sequences, such as genomic sequences of pre-selected CGls. In various
embodiments, cnrichment of pre-selected CGls can be accomplished via hyvbrid capture.
Examples of such hybnid capture probe sets inchude the KAPA HyperPrep Kit and SeqCAP
Epi Eorichment System from Roche Diagnostics (Fleasanton, CA). For example, hybnid
capture probe sets can be designed to target {e.g., hybridize with) selected genomic

sequences, therehy capturing and eariching the selected genomic sequences.
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{60196} In various cmbodiments, performing the assay includes a step of nucleic acid
amplification. Examples of such assays include, but are not bimited to performing PCR
assays, Real-time PCR assays, Quantitative real-time PCR (qPCR) assays, digital PCR
{(dPCR}, Allele-specific PCR assays, Reverse-transcription PCR assays and reporter assays.
For example, given the processed nucleic acids (e.g., bisulfite converted nucleic acids) that
ase enriched for pre-selected genomic sequences, a PCR assay is performed to amplify the
pre-selected genomic sequenaces to generate amplicons. Here, PCR primers are added to
inthiate the amplification. In various embodiments, the PCR primers are whole genome
primers that enable whole genome amplification. In vanious embodiments, the PCR primers
are gene-specific primers that result in amphification of sequences of specific genes. In
various entbodirents, the PCR primers are allele-specific primers. For exampie, allele
specific priumers can target a genomic sequence corresponding to a pre~selected CGI, such
that performing nucleic acid amplification results in amplification of the genomic sequence of
the pre-sclected CGL

{00197} In various embodiments, performing the assay includes quantifying the nucleic acids
inchuding the pre-selected genomic sequences {(e.g., informative CGls). In some
embodiments, quantifying the nucleic acids to generate sequence information comprises
performing an enzyme-iinked mununosorbent assay (ELISA). In some embodiments,
quantifying the nucleic acids to generate sequence information comprises performing
guantitative PCR (qPCR) or digital PCR (dPCR). Thercfore, the number of methylated,
unmethylated, or partially methylated pre-selected genomic sequences can be quantified.
{00198} In various embodiments, quantifying the nucleic acids comprises sequencing the
nucleic acids inchuding the pre-selected genomic sequences. Thus, the sequenced reads can be
aligned to a reference library and methylation sequence information including methylation
statuses of the informative CGls can be deternuned. Therefore, the number of methylated,
unmethylated, or partially methvlated pre-selected genomic sequences can be quantified via
the sequenced reads.

{06199} FIG. 2C shows an exaraple flow process for determining whether an individual is at
risk for a health condition, in accordance with an emobodiment. Here, specific genomic
regions of an indexed library of nucleic acids {¢.g., BNA) are targeted. For example, locus |
can refer to a reference genomic location. Here, a reference genomic location serves asa

controf. For example, the reference genomic location is not differentially methylated in
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healthy individuals i comparison to individuals with the health condition. Locus 2 can refor
to a pre~selected genomic location, such as a pre-selected informative CGL

{80200} Performing the assay further meludes performing nucleic acid amplification {e.g.,
PCR) to generate marker infoomation. In various embodiments, nucleic acid amphification
mchudes etther gPCR or dPCR. This quantifies the number of methylated, unmethylated, or
partially methvlated sequences at locus 1 {reference} and at locus 2. In various embodiments,
performing the assay includes performing an ELISA to quantify the mumber of methylated,

uwmethylated, or partially methyvlated sequences at locus | {reference) and at locus 2.

Assavs for Generating Sequencing Information for Performing Intra-Individual Analvsis

00201} In particular embodunends, assays disclosed herein {¢.g., assav 1204 or 1208 shown
in FIGs. 1A-1C) are useful for generating sequencing information for performing an intra-
individoal analysis. For example, an assay is performed to generate scquence information for
target nucleie acids and/or reference nucleic acids.

{00202} In various embodiments, sequence information of target nucleic acids and/or
sequence mformation of reference nucleic acids refer to statuses for a plurality of genomic
sites. Sequence information of target nucleic acids refers to epigenetic statuses {e.g.,
methylation statuses) across a plurality of genomic sites in the target nucleic acids. Sequence
mformation of reference nucleic acids refers to epigenetic statuses {¢.g., methyviation statuses)
across a plurality of genomic sites in the reference nucleie acids. In various embodiments,
the plurality of genomic sites are previousty dentified and selected. For cxample, the
plurality of genomic sites may be one or more Cp( sites whose differential methylation are
mformative for determinimg whether an individual has a health condition. A CpQG site is
portion of a genome that has cytosing and guanine separated by only one phosphate group
and 1s often denoted as “5'—C—phosphate—G—3", or “Cp(” for short. Regions with a
high frequency of CpG stles are commonly referred to as “CG stands™ or “CGIs”. It has been
found that certain CGls and certain features of certain CGls in tumor cells tend to be different
from the same CGls or features of the CGls in healthy cells. Herein, such CGis and features
of the genome are referred to herein as “cancer informative CGls.” Cancer informative CGE
can be a “CGT dentifier” or reference number to allow referencing CGls during data
processing by their respective anique CGI identifiers. Example CGIs inclade, but are not
limited to, the CGls shown in the accompanying tables (referred to herein as Tables 1-4)

which lists, for each CGI, ifs respective location in the human genome. Additional example

73



WO 2023/147567 PCT/US2023/061606

CGls are disclosed in WO2018200361 {(see Table 1) and W(O2022133315 (see Table 2
entitled “TOO Methylation Sites” and Table 3 entitled “Pan Cancer Methylation Sttes”), each
of which 1s hereby incorporated by reference in iis entirety. In some embodiments,
methylation statuses of a plurality of CpGs within a CGI may be analvzed. In some
embodiments, at least a portion of the CpGs within a CGI may be analvzed. In other
embodiments, all of the CpGs within 3 CGI may be analyzed. In some embodiments, an
analysis of a CGI as contermplated herein may comprise analyzing CpGs within at least a
portion of one or more regions in Tables 1-4.

{80203} In various embodiments, performing an assay 1o generate sequence information fora
plurality of genonuic sites includes the steps of processing nucleie acids of a sample,
enriching the processed nucleic acids for pre-selected genonuc sequences {e.g., pre-selected
mformative CGls), amplifving the genomic sequences to generate amplicons, and guantifving
the amplicons including the genomic sequences {¢.g., via sequencing such as next generation
sequoncing or via quantitative methods such as an ELISA, quantitative PCR, allele-specific
PCR, or DNA or RNA-based assay). In various embodiments, performing an assay to
generate sequence information for a plurality of genomic sites involves a subset of the
previously mentioned steps. For example, enriching the processed nucleic acids can be
onutted. Therefore, performing an assay may include processing nucleic acids of a sample,
amplifving the pre-selected genomic sequences, and guantifving the amplicons including the
ZENOMC 3equenees.

{00204} In various cmbodiments, performing an assay (¢.g., assay 120A or assay 120B)
involves processing target nucleic acids and/or reference nucleie acids. In vartous
embodiments, processing target nucleic acids and/or reference nucleic acids to capture
methylation modifications includes performing bisulfite conversion. Bisulfite conversion
cnables highly efficient conversion of unmethylated cytosines to uracils of BNA from
samples such as whole blood or plasma, cultured cells, tissue samples, genomic DNA, and
formalin-fixed, paraffin-embedded (FFPE) tissues. Bisulfite conversion can be performed
using commercially available technologies, such as Zymo Gold available from Zymo
Research (frvine, CA) or EpiTect Fast available from Qiagen {(Germantown, MD). Other
techniques melude but are not hmited to enzvmatic methods. In vanous embodiments,
processing target nucleic acids and/or reference nucleic acids to capture methylation
madifications includes performing any of nucleic acid amplification, polymerase chain

reaction (PCR), methylation specific PCR, bisulfite pyrosequencing, singie-strand
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conformation polymorphism {(SSCP} analysis, methylation-sensitive single-strand
conformation analysis restriction analysis, high resolution melting analysis, methylation-
sensitive single-nucleotide primer exiension, restriction analysis, microarray technology, next
generation methvlation sequencing, nanopore sequencing, and combinations thereof,

{30205} In various embodiments, performing the assay includes enriching for specific
sequences i the target mucleic acids and/or reference mucleic acids. In various embodiments,
the specitic sequences refer to sequences of pre-selected CGls. In various embodiments,
enrichment of pre-selected CGls can be accomplished via hybrid capture. Examples of such
hybrid capture probe sets include the KAPA HyperPrep Kit and SeqCAP Epi Enrichment
System from Roche Diagnostics (Pleasanton, CA}Y. For example, hvbrid capture probe sets
can be designed to hybridize with particular sequences of the target nucleic acids and/or
reference nucleie acids, thereby capturing and enviching the particular sequences.

{30266} In various embodiments, performing the assay includes performing nucleic acid
amplification to amplify the particular sequences of the target nucleic acids and/or reference
nucleic acids. Examples of such assays include, but are not limited to performing PCR
assays, Real-time PCR assays, Quantitative real-time PCR (gPCR) assays, digital PCR
{dPCR}, Allele-specific PCR assays, Reverse-transeription PCR assays and reporter assays.
For example, given the processed nucleic acids {¢.g., bisulfite converted nucleic acids) that
are enriched for pre-selected sequences, a PCR assay is performed to amplify the pre-selected
sequences to generate amplicons. Here, PCR primers are added to mitiate the amplification.
In various embodiments, the PCR primers are whole genome primers that enable whole
genome amplification. In various embodiments, the PCR primers are gene-~specific primers
that result in amplification of sequences of specific genes. In various embodiments, the PCR
primers are allele-specific primers. For example, allele specific primers can target a genomic
sequence corresponding to a pre-selected CGI, such that performing nucleic acid
aroplification results in amplification of the sequence of the pre-selected CGL

{30267} In various embodiments, performing the assay includes quantifving the nucleic acids
including the pre-selected sequences (e.g.. informative CGls}. In some embodiments,
guantifying the nucleic acids to generate sequence information comprises performing any of
real-time PCR assay, quantitative real-time PCR (qPCR) assay, digital PCR (dPCR) assay,
allele-specific PCR assay, or reverse-transcription PCR assay. Therefore, the number of
methviated, hypermethylated, unmethylated, or partially methylated pre-selected sequences

are quantificd.
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{00208} In various emboduments, quantifying the nucleic acids comprises sequencing the
nucleic acids inchiding the pre-selected sequences. Thus, the sequenced reads are aligned to a
reference library and sequence information including methyvlation statuses of the informative
CGls of amplicons derived from the target nucleic acids and/or reference nucleic acids can be
determined. Therefore, the number of methylated, hvpermethylated, unmethylated, or
partially methvlated pre-selected sequences of the target nucleic acids and the reference

nucleic acids can be quantified via the sequenced reads.

Screen
{00209} The description in this section pertains to the performance of a screen, sach as sereen
125 descnibed in FIG. 1A, which can be performed by the screen module 210 described in
FIG. ZA. Generally, a screen is performed on marker information generated by the assay
{c.g., assay 120A). In various embodiments, the screen s performed to determine whethera
biological sample 1s at risk or not at risk of containing a signal mdicative of a health
condition. For example, the screen s performed to determine whether a biclogical sample is
at risk or not at risk of comtaining circulating tumor DNA. Circulating DNA withio the
biological sample may mdicate that the mdividual (e.g., ndividual from whom the biological
sample is obtained) may be at risk of a health condition, such as cancer. In various
embodiments, the screen is performed to classify the individual as at risk for having a health
condition, or not at risk for having the health condition.
{80218} In various embodiments, the marker information represents quantified values of
biomarkers. For example, depending on the type of biomarker, the guantified values may be
generated via one or more of) an immunoassay, a protein-binding assay, an antibody-based
assay, an antigen-binding protein-based assay, a protein-based array, an enzyme-linked
mmmanosorbent assay (ELISA), a Western blot, gquantitative PCR (qPCR} or digital PCR
(dPCR), NMR, mass spectrometry, LC-MS, or UPLC-MS/MS.
{00211} In various emboduncnts, performing the screen involves comparing the guantified
values of biomarkers to one or more reference values or to threshold values. For example, a
reference vahue can be a statistical measure of guantified biomarker values corresponding to
mdividuals known to be at risk for the health condition. Therefore, if the comparison
wdentifics that the quantified values of biomarkers for an ndividual is statistically

significantly different from the reference value corresponding to individuals known to be at
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risk for the health condition, then the screen can identify the mdividual as not at risk for the
health condition.

{80212} In various embodiments, the marker information represents sequencing information
for one or mare genomic locations, such as one or more CpG islands. In various
embodiments, performing the screen involves corpanng methylation information at one or
more pre-selecied genomic locations to quantified values of reference genomic locations. For
gxample, referring again to FIG. 2C, an assay may have been performed that gencrates
methyvlation mformation for locus 1 corresponding to a reference genomic location and for
locus 2 corresponding to a pre-selected genomic location {¢ g., a pre-selected informative
CGI. Thus, the methylation information at locus 1 1s compared to methylation imformation
at focus 2. Based on the comparison, the screen can identify the mndividual as at risk for the
health condition, or not at risk for the health condition.

{30213} As an example, the methviation information for one or more pre-selected genomic
locations and methylation information for reference genomie locations can be cycle threshold
{Ct} values. Cycle threshold refers to the number of PCR cycles needed for a sample to
amphify and cross a threshold. In various embodiments, if a difference between the Ct value
of the methylation sequences of the pre-selected genomic locations and the Ct value of the
reference genomic locations is greater than a threshold, then the screen identifies the
mdividual as at risk for the health condition. If a difference between the Ct value of the
methylation sequences of the pre-selected genomic locations and the Ct value of the reference
genomic focations is less than a threshold, then the screen identifies the individual as not at
risk for the health condition.

{80214} In various embodiments, a screen ts performed on sequence information generated
via sequencing {e.g., next generation sequencing) of sequences at the one or more genomic
locations, such as one or more CpG islands. o various embodiments, such a screen is
performed using a sysicrn comprising a computer storage and a processing systera, The
screen can further involve the implementation of a machie leaming model. For exampile, the
computer storage can store sequence information corresponding to a processed sample, the
processed sample including cell-free DNA fragments originating from a liquid biopsy of an
individual and having been processed to enrich for cancer nformative CGls, the sequencer
information comprising, for cach sequenced cell-free DNA fragment corresponding to the
cancer informative CGls, a respective position on the genome for the cell-free DNA fragment

and methylation information for the celi-free DNA fragment. The processing sysien can
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compute vahues of the cancer mformative CGls for the individual and applies the values as
fnput to a trained machine learning model. The maclune learning model provides a predicted
output as to whether the individual s at nisk for the health condition based on the values of
the cancer informative CGls.
{30215} In various embodiments, performing the screen mvolves analyzing a plurality of
CGls. For example, performing the screen mvolves analyzing methylation statuses of a
plurality of CGls. Cancer informative UG can be a “CGI identifier” or reference nuntber to
atlow referencing CGls during data processing by their respective unague CGH identifiers.
The accompanying tables {¢.g., Tables 1-4) lists, for cach CGI, its respective location m the
human genome. Additional example CGls are disclosed in WO2018209361 (see Table 1) and
W{20221333135 (see Table 2 entitled “TOO Methyiation Sites” and Table 3 entitled “Pan
Cancer Methvlation Sites™}, cach of which 1s hereby incorporated by reference in its entirety.
In some embodiments, methylation statuses of a plurality of CpGs within a CGI may be
analyzed. In some embodiments, at least a portion of the CpGs within a CGI may be
analyzed. In other embodiments, all of the CpGs within a CGI may be analyzed. In some
embodiments, an analysis of a CGT as contemplated herein may comprise analvzing CpGs
within at feast a portion of one or more regions in Tables 1-4.
{00216} In various cmbodiments, performing the screen mvolves analyzing all of the CGis in
any one of Tables 1, 2, 3, or 4. In various embodiments, performing the screen involves
analyzing at most 10% of the CGls in Table 1. In various embodiments, performing the
screen invoives analyzing at most 10%. at most 20%, at most 30%, at most 40%, at most
50%, at most 35%, at most 60%, at most 65%, at most 70%, at most 75%, at most 80%, at
most 859, at most 90%, at most 91%, at most 92%, at most 93%, at most 949, at most 95%,
at most 96%, at most 97%, at most 98%, or at most 99% of the CGls in Table 1. In various
cmbodiments, performing the screen involves analyzing at most 10% of the CGls in Table 2.
In various embodiments, perfornung the screen tnvolves analyzing at most 10%, at most
20%, at most 30%, at most 40%, at most S0%, at most 53%, at most 609, at most 65%, at
most 70%, at most 75%, at most 80%, at most 83%, at most 90%, at most 91%, at most 92%,
at most 93%, at most 949, at most 95%, at most 96%, at most 97%. at most 98%, or at most
9% of the CGls in Table 2. In various embodiments, performing the screen mvolves
analyzing at most 10% of the CGls in Table 3. In vanous embodiments, performing the
screen mvolves analvzing at most 10%, at most 20%, at most 30%, at most 40%, at most

50%, at most 55%, at most 60%, at most 63%, at most 70%, at most 75%. at most 80%, at
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most 85%, at most 90%, at most 919, at most 92%, at most 93%, at most 94%, at most 95%,

at most 96%, at most 97%, at most 98%, or at most 99% of the CGIs m Table 3. In vanous

embodiments, performing the screen involves analyvzing at most 10% of the CGls in Table 4.
o various embodiments, performing the screen involves analyzing at most 10%, at most
20%, at most 30%, at most 40%, at most S0%, at most 35%, at most 60%, at most 65%, at
most 70%, at most 73%, at most 80%, at most 3%, at most 90%, at most 91%, at most 92%,
at most 93%, at most 94%, at most 93%, at most 96%, at most 97%, at most 98%, or at most
99% of the CGls i Table 4. Tn various embodiments, performing the screen involves
analvzing at most 10% of the CGls in Tables 2 and 3. In various embodiments, performing
the screen involves analyzing at most 10%, at most 20%, at most 30%, at most 40%, at most
309%, at most 35%, at most 60%, at most 65%, at most 70%, at most 73%, at most 0%, at
most 85%, at most 90%, at most 1%, at most 92%, at most 93%, at most 94%, at most 95%,
at most 96%, at most 97%, at most Y8%, or at most 99% of the CGls m Tables 2 and 3.
100217} In various cmbodiments, performing the screen involves analyzing 1 CGi, 2 CGls, 3
CGls, 4 CGls, 5 CGls, 6 CGIs, 7 CGls, 8 CGls, 9 CGls, 10 CGls, 11 CGls, 12 CGls, i3
CGls, 14 CGls, 15 CGIs, 16 CGls, 17 CGls, 18 CGls, 19 CGls, 20 CGlg, 21 CGls, 22 CGs,
23 CGls, 24 CGls, 25 CGls, 26 CGls, 27 CGls, 28 CGls, 29 CGls, 30 CGls, 31 CGls, 32
CGls, 33 CGls, 34 CGls, 35 CGls, 36 CGls, 37 CGls, 38 CGls, 39 CGls, 40 CGls, 41 CGls,
42 CGls, 43 CGls, 44 CGls, 45 CGls, 46 CGls, 47 CGls, 48 CGls, 49 CGIs, or 530 CGls
{e.g., CGls as shown in any of Tables 1-4 or portions of CGls shown in any of Tables 1-4).
In various embodiments, performing the screen involves analyzing at most 2 CGls, at most 5
CGls, at most 10 CGls, at most 15 CGls, at most 20 CGls, at most 25 CGls, at most 30 CGls,
at most 35 CGls, at most 40 CGls, at most 45 CGls, or at most 36 CGIs (e.g., CGls as shown
in any of Tables 1-4 or portions of CGIs shown in any of Tables 1-4}. In various
cmbodiments, performing the screen involves analyzing at most 50 CGIs, at most 100 CGls,
at most 150 CGls, at most 200 CGls, at most 300 CGls, at most 400 CGis, at most 300 CGis,
at most 600 CGTs, at most 700 CGls, at most 8300 CGis, at most 900 CGls, at most 1000
CGls, at most 1500 CGls, at most 2000 CGls, at most 2300 CGis, at most 3000 CGls, at
most 3500 CGls, at most 4000 CGls, at most 4300 CGls, at most 5000 CGls, at most 3500
CGls, or at most 6000 CGIs (e.g., CGIs as shown m any of Tables 1-4 or portions of CGls
shown in any of Tables 1-4}. In particular embodiments, performing the screen involves

analyzing at most 500 CGls.
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{00218} In various emboduments, the screen achieves at least 60% sensitivity in detecting
presence of a health condition. In various embodiments, the scroen achicves at least 61%, at
least 62Y%, at least 63%, at least 64%, at least 63%, at least 66%, at least 67%, at least 68%, at
least 69%, at least 70%, at least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at
feast 769%, at least 77%, at least 78%, at least 79%, at least 8 at least 819, at least 82%, a
least 83%, at least 4%, at least 85%, at least 86%, at least 37%, at feast §8%, at least 89%, at
least 90%, at least 91%. at least 92%, at least 93%, at least 94%, at lcast 95%, at least 96%,
least 97%, at least 98%, at least 99%, at loast 99,195, at least 99.29%, at least 99 3%, at least
99 4%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9%
sensitivity. In particalar embodiments, the screen achioves at least 75% sensitivity. In
particular embodiments, the screen achicves at least 76% sensitivity. In particular
embodiments, the screen achieves at least 77% sensitivity. In particular embodiments, the
screen achieves at least 78% sensitivity. In particular embodiments, the screen achieves at
fcast 79% sensitivity. In particular embodiments, the screen achioves at least 80% sensitivity.
{00219} In various embodiments, the screen achicves at least 60% specificity i excluding
individuals without the health condition. Tn various embodiments, the screen achieves at
least 61%, atleast 6 %, at least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at
least 68%, at least 69%, at least 70%, at least 71%. at least 72%. at least 73%, at least 74%, at
least 75%, at least 76%, at least 77%, at least 78%, at least 799, at least 80%, at least 81%, at
least 82%, at least 3%, at least 84%, at least 85%, at least 869, at feast 7%, at least 88%, at
least 89%, at least 90%. at least 91%, at least 92%, at least 93%, at least 94%, at least 95%. at
feast 96%, at least 97%. at least 989, at least 99%, at least 99.1%, at least 99.2%, at least
99.3%, at least 99.49%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99 8%, or at
least 99.9% specificity. In particular embodiments, the screen achieves at least 90%
specificity. In particolar embodiments, the screen achioves at least 91% specificity. In
particular embodunents, the screen achicoves at least 929 specificity. In particular
embodiments, the screen achieves at least 93% specificity. In particular embodiments, the
scroen achieves at least 94% specificity. In particular embodiments, the screen achieves at
least 95% specificity.

{00228} In various embodiments, the screen achieves at least 15% positive predictive value.
{n various embodiments, the screen achieves at least 15%. at least 16%, at least 17%, at least
18%, at least 19%, at fcast 209, at least 21%, at least 22%. at least 23%, at least 24%, at least

o, at least 26%, at least 27%, at least 28%, at least 29%, at least 309, at least 319, at least
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32%, at least 33%,
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at least 34%, at least 359, at loast 36%, at lcast 37%, at lcast 38%, at least

39%, or at least 40% positive predictive value. In particular embodiments, the screen

achieves at feast 20% positive predictive value.
achicves at least 21% positive predictive value.
achieves at least 22% positive predictive value.
achieves at feast 23% positive predictive value.
achicves at least 24% positive predictive value.
achieves at least 259 positive predictive value.
achieves at feast 26% positive predictive value.
achieves at feast 27% positive predictive value.
achieves at least 28% positive predictive value.
achieves at least 29% positive predictive value.
achieves at least 30% positive predictive value.
achicves at least 31% positive predictive value.
achieves at least 32% positive predictive value.
achieves at least 3396 posttive predictive value.
achieves at least 34% positive predictive value.
achieves at least 35% positive predictive value.
achieves at least 36% positive predictive value.
achicves at least 37% positive predictive value.
achicves at least 38% positive predictive valug.
achicves at least 399 positive predictive value,

achieves at feast 409 positive predictive value.

In particular embodiments, the screen
o particular embodiments, the screen
In particular embodiments, the screen
In particular embodiments, the screen
1n particular embodiments, the screen
1o particular embodiments, the screen
In particular embodiments, the screen
In particular embodiments, the screen
In particular embodiments, the screen
In particular embodiments, the screen
In particular embodiments, the screen
in particular embodiments, the screen
in particular embodiments, the screen
In particular embodiments, the screen
In particular embodiments, the screen
in particular cmbodiments, the screen
In particular embodiments, the screen
in particular embodiments, the screen
1n particular embodiments, the screen

in particular embodiments, the screen

{88221} In various embodiments, the screen achieves at feast 60% negative predictive value.

In various embodiments, the screen achieves at least 61%., at least 62%, at least 63%,

20/

at least

64%, at least 63%, at least 66%, at least 67%, at least 68%, at least 699, at least 70%, at lcast

71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least

78%, at least 79%, at least 80%,

70/
i/,

at least

at least 819, at least 82%, at least 83%, at least 84%, at least

85%, at least 86%, at least 879, at least 889, at least 89%, at least 90%, at least 91%, at least

92%, at least 93%, at least 9496, at least 5%, at least 96%, at least 87%, at least 98%, at least

99%, at least 99.1%, at least 99 2%, at least 99 3%, at least 99.4%, at least 99.3%, at least

09.6%, at least 99.7%, at least 99.8%, or at least 99.9% negative predictive value. In

particular embodiments, the screen achioves at least 95% negative predictive value. In
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particular crabodiments, the screen achigves at least 96% negative predictive value. o
particular embodiments, the screen achicves at least 97% negative predictive value. In
particalar embodiments, the screen achicves at least 98% negative predictive valae. In

particular embodiments, the screen achioves at least 999 negative predictive value.

Intra-Indivichuy! Analvsis

{06222} The description in this section pertains to the performance of an intra~-individual
analysis, such as an indra-individual analysis 128 descnbed in FIG. |, which can be
performed by the condition analvsis system 1709 {and more specifically, the signal
generation module 215} described in FIG. 2A. Generally, an indra-individual analysis is
performed on sequence information of target nucleic acids and sequence information of
reference nucleic acids. As described herein, the sequence information of target nucleie acids
and sequence information of reference nucleic acids are generated by performiing one or more
assays {e.g., assay 120A and/or assay 120B}. In particular embodiments, the sequence
mformation of target nucleic acids comprise sequence information of cell frec DNA. In
particular embodiments, the sequence information of reference nucleic acids comprise
sequence mformation of cells, such as peripheral blood mononuclear cells (PBMCs}) or
polymorphonuclear cells.

{00223} The intra-individual analysis involves combining the sequence information of target
nucleic acids and sequence information of reference nucleic acids to generate a signal
informative for determining presence or absence of a health condition. Here, the step of
combining the sequence mformation of target nucleic acids and sequence jnformation of
reference nucleic acids can be performed by the signal generation module 210 shown n FIG.
2A.

{00224} In various embodiments, combining the sequence mformation of target nucleic acids
and sequence mformation of reference nucleic acids involves differentiating between
signatures present or absent in the sequence information of target nucleic acids and signatures
present or absent in the sequence information of the reference nucleic acids, For example, if
particular signatures are present in the sequence information of target nucleic acids, and the
signatures are also present in the sequence information of reference nucleic acids, the
signatures i both the target nucleic actds and reference nucleic acids may represent baseline
biological signatures. Thus, these signatures may be excluded from the resulting signal

mformative of determuning presence or absence of the health condition. As another example,
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if particular signatures are present in the sequence 1nformation of target nucleic acids, but
those signaturcs are absent n the sequence information of reference nucleic acids, the
signatures may not be baseline biological signatures. Thus, these signatures may be incladed
in the resulting signal informative of determining presence or absence of the health condition.
{30225} In various embodiments, combming the sequence information of the target nucleic
acids and the sequence mformation of the reference nucleic acids includes ahgning the
sequence information of the target nucleic acids and the sequence mformation of the
reference mucleic acids. For example, aligning the sequence information nvolves aligning
sequences of a plurality of pre-selected genomic sites for the target nucleic acids and
sequences of the same or overlapping phurality of pre-selected genomic sites for the reference
nucleic acids,

{08225} In various embodiments, both the sequence nformation of the target nucleic acids
and the sequence information of the reference mucleic acids are aligned to a reference genome
library {¢.g., a reference asserbly) with known sequences. Therefore, sequence information
of the target nucleic acids are aligned to the sequence mformation of the reference nucleic
acids via the reference genome library. In various embodiments, the sequence mformation of
the target nucleic acids s aligned directly with the sequence information of the reference
oucleic acids. In such embodiments, a reforence genome ibrary necd not be used.

{30227} In various embodiments, combining the sequence information of the target nucleic
acids and the sequence information of the reference nucleic acids mchudes determining a
difference between the sequence information of the target nucleic acids to the sequence
information of the reference nucleic acids.

{80228} In various embodiments, differences between the sequence information of the target
nucleic acids and the sequence information of the reference nucleic acids are performed on a
per-position basis. For example, at a first position of a genomic site, the difference betwee
the sequence formation of the target nucleic acids at the first position and the sequence
mformation of the reference nucleic acid at the same first position s deternuned. The process
can then be further repeated for additional positions {¢.g., for additional positions across the
plurality of genomite sites). In various embodiments, the differences are determined on a per-
position basis it the sequence nformation of the target nucleic acids and reference nucleic
acids were generated using a sequencing assay {€.g., next generation sequencing ) which

provides base-level resolution of the sequences.
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{00229} In various emboduments, differences between the sequence mformation of the target
nucleic acids and the sequence mformation of the reference nucleie acids are performed ona
per-CGE basis. For example, at a first CGI of a genomic site, the difference between the
sequence information of the target nucleic acids at the first CGI and the sequence nformation
of the reference nucleic acid at the same CGI or overlapping portion of the first CGlis
determined. The process can then be further repeated for additional CGls {e.g., for additional
C(is across the phurality of genomice sites). In various embodiments, the differences are
deterouned on a per-CGl basts if the sequence mformation of the target nucleic acids and
reference mueleic acids were generated using a guantitative assay {¢.g., gPCR assay).

{80238} In various embodiments, differences between the sequence mformation of the target
nucleic acids and the sequence information of the reference nucleie acids are performed on a
per-allele basis. For example, at a first allele of a genomuc site, the difference between the
sequence information of the target nucleic acids at the first allele and the sequence
information of the reference nucleic acid at the same allcle or overlapping portion of the first
alicle is deternuned. The process can then be further repeated for additional alleles {c.g., for
additional alleles across the plurality of genomic sites). In various embodiments, the
differences are determined on a per-allele basis if the sequence mformation of the target
oucleic acids and reference nucleie acids were gencrated using a quantifative assay {e.g.,
gPCR assay or allele-specific PCR assay).

{08231} Reference is now made to FIG. 2D, which depicts an example combining of
sequence information of target nucleic acids and reference nucleic acids to generate a signal
informative for a health condition, 1n accordance with an crabodiment. The sequence
mformation of the target nucleic acids and the sequence mformation of the reference nucleic
acids include methylation statuses across a plurality of genomic sites. FIG. 2D shows an
cxample genomic site in which nucleotide bases may be differentially methylated in the
target nucieic acid and the reference nucleic acid. For example, as shown in FIG. 2D, the
nucleotide base at the second position s methylated (as represented by the presence of a
¢ytosinge base which arises following bisulfite conversion) in both the target nucleic acid and
the reference nucletc acid. Given that the methylation at the sccoud position oceurs 1o both
the target nucleic acid and the reference nucleic acid, this may be a baseline biological
signature. Conversely, the target nucleic acid may additionally be methylated at the sixth
position and the ninth position, whereas the reference nucleic acid is unmethylated at the

sixth position and the ninth position. Here, given that the reference nucleic acid 1s not
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methylated at the sixth and ninth position, the presence of the methylated nucleotide bases in
the target nucleic acid may represent signatures that are informative of presence or absence of
the health condition. Additionally, at the eleventh nuclectide position, the target nucleic acid
is unmethyvlated whereas the reference nucleic acid s methvlated. Here, the methylation of
the reference nucleic acid can be interpreted as a baseline biological signature.

{60232} The differences between the methylation status at each position of the target nucleic
acid and the reference nucleic acid can represent the cancer signal. As shown in FIG. 2D, the
cancer signal includes methylation statuses at the genomic site, wherein the sixth and ninth
position are methylated. Thus, the cancer signal includes signatures from the target nucleic
acids that are likely informative of the health condition {¢.g., methylated statuses of the sixth
and ninth nucleotide bases), and further excludes baseline biological signatures {¢.g., basching
bwlogical signatures present in reference nucleic acids such as methvlated statuses of the
second and eleventh nocleotide bases}.

100233} The mtra~individual analysis may further involve analvzing the signal representing
the combination of the sequence information of the target nucleic acids and the sequence
fnformation of the reference mucleic acids to determine whether a health condition is presont
or absent in the mndividual. Here, the step of analyzing the signal to determine presence of
absence of the health condition can be performed by the signal gencration module 215 shown
m FIG. 2A. In various embodiments, a machine learming model is deploved to analvze a
signal informative for determining presence or absence of the health condition. The machine
learning model analyzes the signal, which represents the difference between epigenctic
statuses {¢.g., methylation statuses) of the plurality of genomic sites of target nucleic acids
and epigenetic statuses {¢.g., methylation statuses) of the plurality of genomie sites of
reference nucleic acids. Therefore, trained machine learning models analyze the signal across
the plurality of genomic sites to output a prediction as to whether the individual has a
presence or absence of the health condition.

{30234} In particular embodiments, machine learning models analvze methylation statuses of
a plurality of genomic sties i celi-free DNA to generate predictions. The methylation
statuses can correspond to a set of cancer informative CpG islands (CGls), wherein the
cancer informative CGls are selected from a group consisting of a ranked set of candidate
CGls. In various embodiments, a machine learning model analyzes methylation statases for
at feast 50 CGls. In various embodiments, a machine learning model analyzes methylation

statuses for at least 100 CGls. o various embodiments, a machine learning model analyzes
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methylation statuses for at least 150 CGls. In various embodiments, a machine learming
model analyzes methylation statuses for at least 200 CGls. In various embodiments, a
machine learning model analyzes methyvlation statuses for at least 250 CGls. In various
embodiments, a machine learning model analyzes methylation statuses for at least 300 CGls.
In various embodiments, a machine learning model analyzes methylation statuses for at least
400 CGls. In various embodiments, a machine learing model analyzes methylation statases
for at least 500 CGls. 1In vanous embodiments, a machine learning model analyzes
methylation statuses for at least 600 CGls. In various emboduments, a machine learming
model analyzes methylation statuses for at least 700 CGls. In varions embodiments, a
machine learning model analyzes methylation statuses for at least 860 CGls. In various
cmbodiments, a machine lcarning mode! analyzes methylation statuses for at least 900 CGls.
In various embodiments, a machine leaming model analyzes methylation statuses for at least
10006 CGls. In various embodiments, a machine leaming model analyzes methyvlation statuses
for at least 2500 CGls. In various embodiments, a machine learning model analyzes
methylation statuses for at least 5000 CGls. In various embodiments, a machine learning
mode] analvzes methylation statuses for at least 7500 CGls. In vanous embodiments, a
machine learning model analyzes methylation statuses for at least 10000 CGIs. In varions
cmbodiments, a machine lcarning model analyzes methylation statuses for at least 15000
CGls. In various embodiments, a machine leaming model analyzes methylation statuses for at
feast 20000 CGls. In various embodiments, a machine leaming model analyzes methvlation
statuses for at least 25000 CGls.

{00238} In various cmbodiments, a machine learming model analvzes methylation statuses for
CGls across the whole genome. For example, a machine learning model may be
implemented to analyze sequencing data generated from whole genome sequencing (e.g.,
whole genome bisulfite sequencing).

{00236} In particular crobodiments, the tdra-individual analysis further reveals, for an
mdividual predicted fo have a presence of the health condition, a tissue of origin of the health
condition. The intra-individual analysis may identify a tissue of origin of the health condition
according to the methylation statuses of the cancer informative CGls. For example,
particular methylation patierns across the cancer mformative CGls are attributable to certamn
tissues, examples of which include the nervous tissue {e.g., brain, spinal cord, nerves), muscle
tissue {cardiac muscle, smooth muscle, skeletal muscle), epithelial tissue (e.g., Gl tract lining,

skin}, and connective tissue {e.g., fat, bone, tendon, and ligaments). As a particular example,
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i paticnds with brain cancer, a first set of CGls may be frequentlv methviated. Therefore, if
a similar methylation pattern is observed across the first set of CGls for an individual, the
mtra-individual analysis can identify that the individoal has cancer, and forthermore, that the

cancer is localized to the brain.

{00237} The description in this section pertains to the performance of a second analysis, such
as second analysis 130 described in FEG. 1A which can be performed by the condition
analysis module 220 described in FIG. 2A. Generally, a second analysis is performed on
sequence mformation generated by the assay (e.g., assay 120A or assay 120B). In various
embodiments, the second analysis is performed to determine whether a biological sample
obtamed from an individoal contains a signal indicative of a health condition. For example,
the screen is performed to determine whether a biological sample contains circulating tumor
DNA. Circulating DNA within the biclogical samiple may indicate that the mdividual (e g,
fndividual from whom the biological sample is obtained} has a health condition, such as
cancer. In varions embodiments, the sccond analysis is performed to classify the individual
as having a health condition {e.g.. cancer), or not having the health condition {¢.g., cancer).
{30238} In various embodiments, a second analysis 18 performed on sequence information
generated via sequencing (£.g., next generation sequencing) of sequences at the one or more
genomic focations, such as one or more UpG islands. In various embodiments, the sequence
information is generated as a result of whole genome sequencing and therefore, a second
analysis is performed on sequences of one or more genome locations across the whole
genome.

002391 In various embodiments, the second analysis is performed using a system comprising
a computer storage and a processing system. The second analysis can involve the
inplementation of trained machine leaming models, details of which are described in further
detail herein. For example, the computer storage can store sequence information
corresponding to a processed sample, the processed sample including cell-frec DNA
fragments originating from a liquid biopsy of an individual and having been processed to
enrich for cancer informative CGIs, the sequencer information comprising, for cach

sequenced cell-free DNA fragment corresponding to the cancer informative CGls, a
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respective position on the genome for the coll-free DNA fragment and methylation
nformation for the celi~free DNA fragment.

{80240} In particular embodiments, the second analysis further reveals, for individuals who
are determined to have the health condition, a tissue of onigin of the health condition. The
second analysis may identify a tissue of onigin of the health condition according to the
methylation statases of the cancer informative CGls. For example, particular methyiation
pattems across the cancer informative CGls are attributable to certain tissues, oxamples of
which mnclude the nervous tissue {e.g., bram, spinal cord, nerves), muscle tissue {cardiac
muscle, smooth muscle, skeletal muscle), epithelial tissue (e.g., Gl tract hming, skin}, and
connective tissue (o.g., fat, bone, tendon, and ligaments}. As a particular example, in patients
with brain cancer, a first set of CGls may be frequently methylated. Thercfore, if a sumniar
methylation pattern is observed across the first set of CGls for an imdivideal who is under
analysis, the second analysis can identify that the individual has cancer, and furthermore, that
the cancer is localized to the bram.

{00241} In various embodiments, the second analysis involves analvzing a plurality of CGls.
For example, the second analysis involves analyvzing methvlation statuses of a plurality of
CGIs. Cancer informative CGI can be a “CGl identifier” or reference number to allow
referencing CGls during data processing by their respective unique CGH identifiers. The
accompanying tables {e.g., Tables 1-4) lists, for cach CGI, s respective location in the
human genome. Additional example CGls are disclosed in W0O2018209361 (see Table 1) and
WO2022133315 {sece Table 2 entitied “TOO Methylation Sites” and Table 3 entitled “Pan
Cancer Methylation Sties™), cach of which is hereby incorporated by reference in its entircty.
In various embodiments, the second analvsis involves analvzing all of the CGIs in any one of
Tables 1, 2,3, or 4. In various embodiments, the second analysis involves apnalyzing at least
10% of the CGls i Table 1. In various embodiments, the second analysis mvolves analyzing
at lcast 10%, at least 20%, at least 309, at least 40%, at least 50%, at least 35%, at least 60%,
at least 65%, at least 709, at feast 759, at least 80%, at least 5%, at least 90%, at least 1%,
at least 92%, at least 93%, at least 94%, at least 93%, at least 96%. at least 97%, at least 98%,
or at feast 999 of the CGls in Table 1. In various embodiments, the second analvsis involves
analvzing at least 10% of the CGls in Table 2. In various embodiments, the second analvsis
mvolves analyzing at least 10%, at least 20%, at least 309, at least 40%, at least 50%. at least
558%, at least 60%, at least 65%, at feast 70%, at least 73%, at least 80%, at least 85%, at least

90%, at least 91%, at least 92%, at feast 93%, at least 94%, at least 939, at least 96%, at least
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§7%, at least 98%, or at least 99% of the CGls 1o Table 2. In various cmbodiments, the
second analysis involves analvzing at least 10% of the CGls i Table 3. Tn various
embodiments, the second analysis involves analyzing at least 10%, at least 20%, at least 30%
at least 40%, at least 30%, at least 359, at least 60%, at least 63%, at least 70%, at least 75%,
at least 80%, at least 839, at feast 909, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at feast 97%, at least 98%, or at least 99% of the CGls in Table 3

In various embodiments, the second analysis ivolves analyzing at least 10% of the CGls in
Table 4. 1n various embodiments, the second analysis involves analvzing at least 10%, at
least 20%, at least 3096, at least 409, at least 50%, at least 33%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 8%, at least 3%, at least 90%, at least 91%, at least 929, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 989, or at least 99%
of the CGlIs in Table 4. In vanous embodiments, the second analvais involves analvzing at
least 10% of the CGIs 1 Tables 2 and 3. In various embodiments, the second analysis
involves analyzing at feast 10%, at loast 20%, at least 30%, at least 40%, at least 50%, at lcast
55%, at least 60%, at least 5595, at least 70%, at least 73%, at least 80%, at least 85%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at lcast 95%, at least 96%, at least
7%, at least 98Y%%, or at least 99% of the CGls in Tables 2 and 3.

{08242} In various embodiments, the second analysis involves analyzing at least 100 CGls
{e.g., CGls as shown m any of Tables 1-4). In various embodiments, the second analysis
mvolves analyzing at feast 100 CGls, at least 150 CGls, at least 200 CGls, at least 300 CGls,
at least 400 CGIs, at least 500 CGls, at least 600 CGls, at least 700 CGls, at least 800 CGls,
at least 900 CGls, at least 1000 CGls, at least 1500 CGls, at least 2000 CGls, at least 2500
CGls, at least 3000 CGls, at Teast 3500 CGls, at least 4000 CGls, at least 4500 CGls, at teast
5000 CGls, at least 3500 CGls, or at least 6000 CGls {e.g., CGIs as shown i any of Tables
1-43. In particular embodiments, performing the screen involves analyzing at least 500 CGls.
In some embodiments, methylation statuses of a plurality of CpGs within a CGI may be
analvzed. In some embodiments, at least a portion of the CpGs within a CGI may be
analyzed. In other embodiments, all of the CpGs within a CGl may be analyzed. fn some
embodiments, an analysis of a CGI as contemplated hercin may comprise analvzing CpGs
within at least a portion of one or more regions m Tables 1-4.

{80243} In various embodiments, the second analysis invelves analyzing more CGls in
comparison to the guantity of CGls analyzed duaring the screen. For example, the CGls

analvzed during the screen can reprosent a subset of the CGls analyzed during the second
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avalysis. In some scenarios, every Cp(G island analyzed during the screen is further analyzed
when performing the second analysis. Therefore, the second analvsis represents a more
robust and rigorous analvsis in comparison to the more rapid and cost-effective screen. In
various embodunents, the second analysis involves analyzing at feast 2 times the number of
CGls analvzed during the screen. In various embodiments, the second analvsis mvolves
analyzing at least 3 times, at least 4 times, at least S times, at feast 6 imes, at least 7 times, at
least & times, at feast 9 times, at least 10 times, at feast 11 times, at least 12 times, at least 13
times, at least 14 tumes at least 15 times, at least 16 times, at least 17 times, at least 18 tunes,
at least 19 times, at least 20 times, at least 21 times, at least 22 times, at least 23 times, at
least 24 times, at least 25 times, at feast 26 times, at least 27 times, at least 28 times, at least
29 tumes, at least 30 times, at least 31 times, at least 32 times, at feast 33 times, at least 34
times, at least 35 times, at least 36 times, at least 37 times, at least 38 times, at least 39 times,
or at least 40 times the number of CGls analyzed during the screen. In particudar
embodiments, the sccond analysis involves analyzing at least 5 times the nember of CGls
analyzed during the screen. For example, the screen may involve analyzing at least 100 CGls
and the second analysis may mvolve analyzing at least 300 CGls.

{80244} In various embodiments, the second analysis achieves at least 60% sensitivity in
detecting presence of a health condition. In various embodiments, the screen achieves at feast
61%, at least 62%, at least 63%, at least 64%, at least 653%, at feast 669, at least 67%, at least
68%, at least 69%, at least 70%, at least 71%, at least 72%, at least 73%, at least 74%, at least
75%, at least 76%. at least 77%, at least 78%, at least 79%, at least 80%, at least #1%, at least
R2%, at least 83%, at least 849, at least 85%, at least 86%, at least 87%, at lcast 88%, at least
RG%, at least 90%, at least 919, at least 92%, at least 93%, at least 94%, at least 953%, at least
96Y%, at least 97%, at least 98%, at least 99%, at least 99.1%, at least 99.2%, at least 99.3%,
at least 99.4%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9%
sensitivity. In particular cmbodiments, the second analysis achicves at least 5% scnsitivity,
In particular embodiments, the second analysis achieves at least 86% sensitivity. In
particular embodiments, the sccond analysis achieves at least 87% sensitivity. fo particelar
embodiments, the second analysis achieves at least 88% sensitivity. In particular
embodiments, the second analysis achieves at least 89% sensttivity. In particular
embodiments, the second analysis achieves at least 90Y% sensitivity.

{08245} In various embodiments, the second analysis achieves at least 60% specificity in

excluding individuals without the health condition. In vartous emabodiments, the second
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analysis achicves at least 61%, at least 62%, at least 63%, at least 64%, at least 65%, at least

66%, at least 67%, at least 6 at teast 69%, at least 70%, at least T1%, at least 72%, at least
73%, at least 74%, at least 75%7 at least 76%, at least 77%, at least 78%, at least 79%, at least

80%, at least 81%, at lcast 82%, at least 83%, at least 84%, at least 8595, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 1%, at least 929, at least 93%, at least
94%, at least 93%, at least 96%, at least 97%, at least 989%, at least 999, at least 99.1%, a
least 99 2%, at least 99.3%, at least 99.4%, at least 99.5%, at least 99.6%, at least 99.7%, af
feast 99 8%, or at least 99.9% specificity. In particular embodiments, the second analysis
achieves at least 909 specificity. In particular embodiments, the second analysis achieves at
least 91% specificity. In particolar embodiments, the second analvsis achieves at least 92%
specificity. In particular embodiments, the sccond analysis achicves at least 3% specificity.
o particular embodiments, the second analysis achicves at least 94% specificity. In particular
embodiments, the second analvsis achieves at least 95% specificity.

100246} In various cmbodiments, the second analysis achioves at least 60% positive
predictive value. In various erbodiments, the second analysis achieves at least 61%, at least
62%, at least 63%, at least 64%, at least 63%, at least 66%, at lcast 67%, at least 68%, at least
69%, at least 70Y%, at least 71%, at feast 72%, at least 73%, at least 74%, at least 75%, at least

76%, at least 77%, at least 78%, at least 79%, at least 80%, at least 81%, at least 82%, at least

83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least
S90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%. at least 99%, at least 99.1%. at least 99 2%, at least 99 3%, at least 99.4%,
at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9% positive
predictive value. In particular embodiments, the second analysis achteves at least 80%
positive predictive value. In particular embodiments, the second analysis achieves at least
81% positive predictive value. In particular embodiments, the second analysis achieves at
teast 82% positive predictive value. In particular embodunents, the second analysis achieves
at least 83% positive predictive value. In particular embodiments, the second analysis
achieves at least 84% positive predictive value. In particular embodiments, the second
analysis achieves at feast 85% posttive predictive value.
{00247} In various embodiments, the second analysis achieves at least 60% negative
picdicuve value. In various embodiments, the second analvsis achieves at least 61%, at least
62%, at least 63%, at least 64%, at feast 63%, at least 66%, at least 67%, at least 68%, at least

69%, at least 70%, at least 71%, at feast 72%, at least 73%, at least 749, at least 75%, at least
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76%, at least 77%, at least 7896, at least 79%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 8594, at teast 86%, at least 87%, at least 88%, at least 89%, at least
0%, at least 91%, at least 92%, at feast 93%, at least 94%, at least 95%, at least 96%, at least
07%. at least 98%, at least 99%, at least 99.1%, at lcast 99.2%, at least 99.3%, at least 99 4

at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9% negative
predictive value. In particudar embodiments, the second analysis achieves at least 90%
negative predictive value. In particular embodiments, the second analysis achieves at least
91% negative predictive value. In particular emboduments, the second analysis achioves at
least 82% negative predictive value. In particular embodiments, the second analysis achieves
at least 93% negative predictive value. In particular embodiments, the second analysis
achieves at feast 94% negative predictive value. In particular embodiments, the second
analysis achicves at least 95% negative predictive value. In particular embodiments, the

second analysis achieves at least 96% negative predictive value. In particalar embodiments,
the sccond analysis achieves at least 97% negative predictive value. In particular
embodiments, the second analysis achieves at least 98% negative predictive value. In

particular emobodiments, the second analysis achieves at least 99% negative predictive value.

Longitudinal Analysis
{00248} Reference is now made to the longitudinal analysis module 230, which represents an
optional module of the condition analysis system 170 as shown in FIG. 2A (as indicated by
the dotted lines). In various embodiments, the longitudinal analysis cnables the monitoring
of an individual who has been identified as having the health condition, and determines
whether the health condition for the mdividual has progressed. In various embodiments, the
longitudinal analysis involves analyzing whether a first biological sample obtamed from the
individaal at a first timepoint differs from a second biclogical sample obtained from the
mdividual at a second timepoint. For example, the longitudinal analysis can involve
determining a difference in a signal indicative of a health condition in the first biological
sample and the second biological sample. The signal may be the presence or quantity of
circulating tumor DBNA which is indicative of cancer. Thus, the longitudinal analysis can
involve determining a change in circulating tumor DNA that is present in the first biological
sample and the second biological sample, which may be an indication of the change (e.g.,
progression) i the health condition (&.g., cancer}. In various embodiments, if the

longitudinal analysis module 230 determines that the health condition of the individual has
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progressed, an intervention can be reconvnended and/or provided to the individual 1o slow
the progression of the health condition.

{80249} In various embodiments, the longitudinal analvsis module 230 analyzes marker
mformation derived from an additional sample obtained from the individual at a timepoint
subsequent to when the individual was identified as having the heaith condition. For
example, the individual may have been previously identified as having the health condition
through a screen {e.g., screen 125 in FIG. 1A} and second analysis {¢.g., second analysis 130
in FIG. 1A). Here, the screen and/or second analysis may have involved the analysis of
sequence information, such as methylation statuses of a plurality of informative CGls
{80256} In various embodiments, the longitudinal analvsis moduale 230 analyzes sequence
mformation identifying methylation statuses of the plurality of informative CGls derived
from the additional sample obtained at the subsequent timepoint and compares it to the
methylation statuses of the phurality of informative CGls derived from the previous sample.
In varisus embodiments, such sequence information may be background-corrected sequence
mformation ¢.g., corrected via an imtra~-individual analvsis that combines sequence
information from target nucleic acids and reference nucleic acids. Thus, the longitudinal
analysis module 230 generates a longitudinal understanding of how the methylation statuses
of the plurality of informative CGls has changed over time. This longrudinal understanding
1s informative for determuning the progression of the health condition. In various
embodiments, if the longitudinal methylation patterns of the plurality of the informative
CGls indicate that the health condition in the individual is progressing, the individual can be
provided an intervention to slow or halt the progression of the health condition. In various
embodiments, an ntervention may be a surgical intervention, a therapeutic intervention {e.g.,
achemotherapeatic, a gene therapy, gene editing), or a lifestyle intervention {o.g., change in

behavior or habits).

Interactions Between Third Paryy Entities and Condition analvsis system

{00251} FIG. 3A shows an interaction diagram between a third party entity and a condition
analysis systen: for performing the multiple tier analysis, m accordance with a first
embodiment. Here, FIG. 3A shows the cmbodiment in which the third party entity 1554
obtains samples from an individual, and the condition analysis system 170 performs one or

more assays, the screen, the mira-individual analysis, and the second analysis.
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100252} Spectfically, the process begins at step 303 where the thud party entity 155A obtamns
a sample from an individaal. The third party entity 155A provides 308 the sample to the
condition analysis system 170, The condition analysis svstem assays 310 the sample to
generate marker information. In vanous embodiments, the marker information includes
methylation statuses for a plurality of genomic sites, such as a plurality of selected CpG
islands. Thus, the condition analysis system 170 performs a screen 312 by analyzing the
methylation statuses using a trained machine learning model. The screen can identify the
individual as at risk for the health condition, or not at risk for the health condition. If the
mdividual 1s determined to not be at risk for the health condition, the process ternunates and
subseqguent analysis is not performed.

{00253 If the individual 1s determined to be at risk for the health condition, the condition
analysis system 170 provides 315 an mdication that the individual is at risk for the health
condition to the third party entity 155A. At step 318, the third party entity 155A obtains a
second sample from the individual who was determuined to be at risk for the health condition.
The third party entity 155A provides 320 the second saraple to the condition analysis system
170. The condition analysis system 170 assays 322 the sccond sample fo gencrate
methyviation information. In one embodiment, the assayvimg the second sample involves
performing whole genome bisulfite sequencing. In onc embodiment, assaying the second
sampile involves performing a hybnd captare. Tn various embodiments, step 322 involves
assaying the second sample to generate scquence information for target nucleic acids and
sequence information for reference nucleic acids. For example, the sequence information for
the target nucleic acids ray include methylation information of the target nucleic acids. The
sequence mformation for the reference nucleic acids may include methvlation information of
the reference nucleic acids. At step 324, the condition analysis system 170 performs an intra-
mdividual analysis to remove baseline biclogical signatures and generate background-
corrected information. Thus, at step 323, the condition analysis systern 170 perforros the
second analvsis by analyzing the background-corrected nformation and determines a
presence or absence of the health condition in the individual. If the mdividual is determined
1o have the health condition, the individual can be monitored, provided treatment, and/or
selected as a candidate subject for envollment in a climical trial.

{68254} FIG. 3B shows an mteraction diagram between a third party entity and a condition
analysis system for performing the multiple tier analysis, in accordance with a second

embodiment. Here, the nultiple-tiered analysis can be performed using samples collected
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from an individual at a single collection timepoint. As shown in FIG. 3B, at step 349, the
third party entity 155A obtains a sample from the ndividual. The third party entity 155A
provides 342 the sample to the condition analysis system 170 for processing and analysis.
For example., the condition analysis system 170 assays 345 the sampie to generate marker
mformation. The condition analvsis system 170 further performs 348 a sereen by analyzing
the marker information to determine whether the individual is at risk for the health condition.
{00235} I the individual is determined 1o be at risk for the health condition, a subsequent
intr-individual analysis is performed at step 354 and a second analysis is performed at step
356. Optionally, the condition analysis systemn 170 provides 350 an indication that the
mdivideal is at risk for the health condition back to the third party entity 155A. The third
party entity 155A can then inform the individual 352 of the indication. However, in other
embodiments, steps 350 and 352 need not occur.

{30256} In various embodiments, the condition analysis svstem 170 performs the intra-
individual analysis at step 354 after assaying one or more samples from the mdividual to
generate sequence information for target nucleic acids and sequence information for
reference nucleic acids. For example, the scquence imformation for the target nucleic acids
may include methylation information of the target nucleic acids. The sequence information
for the reference nucleic acids may include methylation information of the reference nucleic
acids. The condition analvsis system 170 performs the intra-individaal analysis to remove
baseline biological signatures and generate background-corrected information. At step 356,
the condition analysis system 170 performs the second analysis by analyzing the background-
corrected mformation generated as a result of stop 354 and determines a presence or absence
of the health condition in the individual. If the individual is determined to have the health
condition, the individeal can be monitored, provided treatment, and/or selected as a candidate
subject for enrollment in a clinical tnal.

{00257] FIG. 3C shows an mnteraction diagram between a first third party entity, a sccond
third party entity, and a condition analysis system for performing the multiple tier analvsis, in
accordance with an embodiment. Here, the first third party entity 155A obtains one or more
samples from an individual, the sccond third party entity 1558 performs assays on the one or
more samples obtamed from the individual, and the condition analysis system 170 performs
the screen and/or second analysis.

{00258} Specifically, at step 360, the third party entity 133A obtains a sample from the

mdividual. The third party entity 1558 provides 362 the sample to a thud party entity 1558,
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Here, third party entity 1358 assays 365 the sample to generate methylation information.

The third party entity 1558 provides 368 the assay results, including the generated
methylation information, to the condition analvsis system 170, The condition analysis system
performs 370 the screen to determune whether the mdividual 1s at risk or not at «isk for the
health condition by analvzing the generated methvlation information.

{02591 If the mndividual is determined to be not at risk for the health condition, the process
terminates at this point. If the individual is determined to be at risk for the health condition,
the condition analysis svstem 170 can provide 372 an mdication to the third party entity 155A

~
i
7

that the individual 1s at nisk. Therefore, the third party entity 155A can obtain 373 a second
sample from the individual {e.g., daring a second visit by the individaal}. The third party
entity 1535A provides 378 the second sample to the third party entity 1558 who assays 380
the second sample. In various embodiments, the third party entity 1558 performs a whole
genome bisulfite sequencing. In varions embodiments, the third party entity 155B performs
hyvbrid capture. In various embodiments, the third party entity 135B generates methylation
mformation as a result of assaving the sccond sample. In various embodiments, the third
party entity 1558 generates sequence information for target nucleic acids and sequence
mformation for reference nocleic acids. The sequence information for the target nucleic acids
and the sequence information for the reference nucleic acids may include methylation
mformation. Thus, the third party entity 155B provides 382 results of the second assay,
including the methyviation information of target nucleic acids and reference nucleic acids, to
the condition analysis system 170

{06268] At step 384, the condition analysis system perforus an intra-individual analysis to
remove baseline biological signatures and generate background-corrected information. The
condition analysis system 170 performs 385 a second analysis by analyzing the backgrouand-
corrected information to determine whether the individual has the health condition. If the
ndividual is determined to have the health condition, the individual can be monitored,

provided treatment, and/or selected as a candidate subject for enrollment in a climcal trial.

Example Methods for Conducting an Intra-Individual Analysis

100261} FIG. 4 shows an example flow process involving an intra~-individual analysis, in
accordance with an embodiment. Step 410 nvolves obtaming target nucleic acids and

reference mucleic acids from one or more samples,
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100262} Step 420 involves generating sequence nformation from the target nucleic acuds.
Here, sequence information from the target nucleic acids may melude signatures informative
for determining presence or absence of the health condition, but it may also mehude baseline
binlogical signatures that are present irrespective of whether the nucleic acids oniginate from
a diseased source or a non~-diseased source. Step 430 mvolves generating sequence
mformation from the reference nucleic acids. Sequence mformation of the reference nucleic
acids include baseline biclogical signatures, which are less informative for determining
presence or absence of the health condition in comparison to sequence information of the
target nucleic acids.

{00263} Step 440 involves combining sequence information from target nucleic acids and
sequence information from reference nucleic acids to generate a background-corrected signal
mformative for determining presence or absence of the health condition. As shown in FIG. 4,
step 440 can mclode both steps 450 and 460, Step 450 involves aligning sequence
information from target sucleic acids with sequence information from reference nucleic
acids. Step 460 mvolves determining a difference between sequence information from target
nucleic acids and sequence information from reference nucleic acids. In various
embodiments, step 460 mnvolves determining a difference on a per-position basts.

{08264} Step 470 involves predicting presence or absence of a health condition using the
background-corrected signal informative of the health condition. Thus, 1f the individual 15
determined to have presence of the health condition, the mdividual can be provided treatment
to prophylactically or therapeutically treat the health condition.

Example Methods for Selecting Informative Biomarkers

{00265} Disclosed herein are methods for selecting informative biomarkers for inclusion in a
first ticr of a muktiple tier analysis. For example, the mcthods described herein are useful for
identifying biomarkers that are informative for performing a first analvsis, such as a screen,
that achieves a high specificity and removes a large majority of true negatives {e.g.,
mdividuals not at risk of a health condition). Reference is made to FIG. 4B, which shows an
example flow process for selecting mformative biomarkers for inclusion in the first ticr of a
multiple tier analvsis.

{00:266] Step 480 involves obtaining a starting set of biomarkers. As described herein,
execraplary biomarkers mclude, but are not limited to, lipids, lipoproteins, protemns, cytokines,
chemokines, growth factors, peptides, nucleic acids {e.g., DNA or RMNA}, genes, and

oligonucieotides, together with their related complexes, metabolites, mutations, vanants,

97



WO 2023/147567 PCT/US2023/061606

polymorphisras, modifications, fragments, subunits, degradation products, elements, and
other analytes or sample-derived measures. Exemplary biomarkers further include CpG sites
{c.g., all or a subset of all Cp( sites in the genome), a set of CGls (g.g., 4059 CGlsy, genes
{c.g., all known genes or a subset of all known genes), proteios {¢.g.. all known protein or a
subset of all known proteins). nueleic acids {¢.g., all known coding or non-coding nucleic
acids), and metabolites {e.g., all known metabolites or a subset of all known metabolites). In
particular embodiments, step 480 mvolves obtaining a starting set of biomarkers, which
includes one or more of UpG sites {all CpG sites in the genome), a set of CGls, genes {e.g.,
all known genes or a subset of all known genes}, and proteins {¢.g., all known proteins or a
subset of all known proteins}. In particular embodiments, step 480 imveolves obtaining a
starting set of biomarkers, which includes each of CpG sites (all CpG sites in the genome), a
set of CGls, genes {e.g., all known genes or a subset of all known genes), and proteins {c.g.,
all known protein or a subset of all known proteins}.

100267} Step 482 involves determining signals of biomarkers of the starting sct across a first
plurality of samples and a sccond plurality of samples. In various embodiments, the first
plurality of samples refer to healthy samples or samples that are absent a health condition. In
various embodiments, a healthy sample includes healthy normal tissue. In varicus
cmbodiments, a healthy sample includes a non-cancer cell free DNA sample. In vanous
embodiments, the second plurality of samples refer to a sample with a health condition. For
example, a sample with a health condition can be a cancer biopsy sample, or a cell free DNA
sampie obtained from a patient with cancer. In varicus embodiments, the second plurality of
samples can include samples of different health conditions. For example, the second plurality
of samples can include samples of different cancers {e.g., mulii-cancer samples). In other
embodiments, the second plurality of samples include samples of a common health condition.
For example, the second plurality of samples can include samples of a common cancer.
{00268 Geoerally, determining signals of biomarkers of the starting set across a first
plurality of samples and a second plurality of samples can involve obtaining information of
the signals of biomarkers from one or more assays. For example, if the biomarkers are
protein biomarkers, determining signal of the protein biomarkers across the first plurality of
samples and the second phlurality of samples can mvolve performing an assay {¢.g., a
mudtiplex immunocassay} to determine levels of each protein biomarker in the first plurality of
samples {e.g., healthy samples) and levels of each protein biomarker in the second plurality

of samples {¢.g., samples of ove or more health conditions). As another example, ifthe
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biomarkers refer to CpG sites, determining signal of the protein biomarkers across the first
plurality of samples and the second plurality of samples can involve performing a bisulfite
conversion assay and sequencing of nucleic acids to determine methylation statuses of the
CpG sites in the first plurality of samples ¢ g, healthy samples) and macthylation statuses of
the CpG sites in the second plurality of samples (e.g., samples of one or more health
conditions).

{00265} Step 484 involves performing a rank ordering of biomarkers using the determined
signals. As shown in FIG. 4B, step 484 can involve one or more of step 486, step 488, and
step 490, In varicus embodiments, step 484 only involves performing one of step 486, step
488, and step 490. In various embodiments, step 484 involves performing two of step 486,
step 488, and step 490. In various embodiments, step 484 involves performing cach of step
486, step 488, and step 490,

08270} Step 486 involves rank ordering a biomarker based on a difference between the
signals of the first and sceond plurality of samples. For example, a biomarker that is highly
differcnnially expressed or present across the first and second plurality of samples can be
ranked higher than another biomarker that is similarly expressed or present across both the
first and second plarality of samples.

{08271} Step 488 involves rank ordering a biomarker according to its significance in
distinguishing between samples of the first or second plurality of samples. For example, the
significance can be represented as a pevalue that is determined via a statistical test. Thus, by
performing a statistical test that compares a signal from the first plurality of samplesto a
signal from the second plurality of samples, the resulting p-value can represent a sigunificance
value for distinguwishing between samples of the first or second plurality of samples. Thus, a
biomarker with a amaller p-value (indicating statistical significance) can be ranked more
highly than a biomarker with a larger p-value.

{00272} Stop 490 tnvolves rank ordering a biomarker by determining an tmportance value of
the biomarker by running a cancer prediction algorithm. Thus, a biomarker associated with a
higher importance value can be ranked higher than a biomarker associated with a lower
impaortance value.

{80273} Significance (e.g., statistical est + p-value) in distinguishing samples {e.g.,
distinguishing between healthy and cancer, or difference between particular cancer samples
and sanaples other than the particular cancer {¢.g., healthy and/or other types of cancer

mndications)}.
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160274} Step 492 involves selecting the top X biomarkers according to the rank ordering for
mnchusion n a first tier tost of a multiple tiered analysis. In various embodiments, X refers to
between 1 and 1000 biomarkers. In varicus embodiments, X refers to between 2 and 900
biomarkers, between 3 and 800 biomarkers, between 4 and 700 biomarkers, between 3 and
600 bomarkers, between 6 and 500 bomarkers, between 7 and 400 biomarkers, between 8
and 300 biomarkers, between 9 and 200 biomarkers, or between 10 and 200 biomarkers. In

particular erabodiments, X refers to between 10 and 200 biomarkers.

Machine Learning Models for Analvzing Sequence Information

{80273} As disclosed herem, trained machine leaming models can be deploved to analyze
sequence mformation to predict whether an individual is at risk for a health condition, or
whether an individual has the health condition. In vanous embodiments, the sequence
mformation includes methylation statuses of plurality of genomic sites. Thercfore, tramned
machine learing models analyze differential methylation of the plorality of genomic sites to
output predictions.

{00276} In various embodiments, a trained machine leaming model s deploved as part of a
screen {e.g., screen 125 as shown in FIG. 1A). Thus, the tramed machine leaming modetl can
analyze sequence information gencrated via an assay (e.g., assay 120A shown in FIG. 1A) to
determine whether individuals are at risk of a health condition.  In various embodiments, a
traimed machine learing model is deploved as part of a second analvsis (¢.g.. second analysis
130 shown in FIG. 1A}, Therefore, the trained machine learning model can analyze sequence
nformation. In some embodiments, the sequence information includes methyiation statuses
for a plurality of genonue sutes, such as a plurality of CpG sites disclosed herem, to deternune
whether an mdividual has the health condition. In various embodiments, the sequence
mformation includes background-corrected sequence information generated via an intra-
mdividual analysis (e.g., intra-individual analysis 128 shown in FIG. 1A} to determine
whether an individual has the health condition. In some embodiments, the sequence
mformation need not be background-corrected sequence information and instead, includes
methylation sequence information from target nucleic acids (that have not been corrected
using sequence information from reference nucleic acids).

{80277} In various embodiments, a machine learning model 13 any one of a regression model

{e.g., linear regression, logistic regression, or polynomial regression), decision tree, random
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forest, support vector machine, Naive Bayes model, k-means cluster, or neural network (e.g.,
feed-forward networks, convolutional neural networks (CNN), deep neural networks {DNN),
autoencoder neural networks, generative adversanal networks, or recurrent networks {e.g.,
long short-term memory networks (LSTM), bi-duectional recurrent networks, deep bi-
directional recurrent networks).

{00278} The machine learning model can be trained using a machine leaming mmplemented
method, such as any one of a lincar regression algorithin, logistic regression algorithm,
decision tree algorithm, support vector machine classitication, Naive Baves classification, K-
Nearest Neighbor classification, random forest algorithm, deep leaming algorithm, gradient
boosting algorithm, and dimensionality reduction technigues such as manifold leaming,
principal component analysis, factor analysis, autoencoder regulanzation, and mdependent
component analysis, or combmations thereof. In various embodiments, the machine learning
model is trained using supervised learing algorithms, unsopervised learning algorithms,
semi-supervised leaming algorithms {e. g, partial supervision}, weak supervision, transfer,
multi-task leaming, or any combination thereof,

{86279} In various embodiments, the machine leaming model has one or more parametors,
such as hyperparameters or model parameters. Hyperparameters are generally established
prior to training. Hxamples of hyperparameters include the leamning rate, depth or leaves of a
decision tree, number of hidden layers in a deep neural network, number of clusters in a k-
means cluster, penalty in a regression model, and a regularization parameter associated with a
cost function. Model parameters are generally adjusted during training. Hxamples of model
parameters melude weights associated with nodes in layers of neural network, support vectors
in a sapport vector machine, and coefficients in a regression model. The model parameters of
the machine leaming model are trained {e.g., adjusted)} using the training data to improve the
predictive power of the machine learning model.

{00286} In particular embodiments, machine learning models analvze methylation statuses of
a plurality of genomic sites in celi-free DNA o generate predictions. The methylation
statuses can correspond to a set of cancer mformative CpG islands {CGls), wherein the
cancer informative CGls are selected from a group consisting of a ranked set of candidate
CGls. In various embodiments, a machine learning model analyzes methylation statases for
at feast 50 CGls. In various embodiments, a machine learning model analyzes methylation
statuses for at least 100 CGls. In various embodiments, a machine leaming model analyzes

methylation statuses for at least 150 CGls. In various embodiments, a machine learning

101



WO 2023/147567 PCT/US2023/061606

mode! analyzes methylation statuses for at least 200 CGls. In various emboduments, a
machine learning model analyzes methylation statuses for at least 250 CGls. In various
embodiments, a machine learning model analyzes methyiation statuses for at least 300 CGls.
In various embodiments, a machine leaming model analyzes methvlation statuses for at least
400 CGls. In various embodiments, a machine learning model analyzes methylation statases
for at least 500 CGls. In vanous embodiments, a machine learning model analyzes
methylation statuses for at least 600 CGls. In various embodiments, a machine leaming
model analyzes methylation statuses for at least 700 CGls. In various embodiments, a
machine learning model analyzes methylation statuses for at least 800 CGls. In various
embodiments, a machine learning model analyzes methylation statuses for at least 900 CGls.
Tn various embodiments, a machine leaming model analyzes methvlation statuses for at least
1000 CGls. In various embodunents, a machine learming model analvzes methylation statuses
for at least 2500 CGIs. In various embodiments, a machine learning model analyzes
methylation statuses for at least 5000 CGls. In various embodiments, a machine learning
model analyzes methylation statuses for at least 7500 CGls. In various embodiments, a
machine learning model analyzes methylation statuses for at least 10000 CGls. In vanious
embodiments, a machine lcarning model analyzes methylation statuses for at least 15000
CGls. In various embodiments, a machioe learning model analyzes methylation statuses for at
least 20000 CGls. In various embodiments, a machine learning model analvzes methyvlation
statuses for at least 25000 CGls.

{00281} In various embodiments, a machine learning model analyzes methylation statuses for
CGls across the whole genome. For example, a machine leaming model may be
implemented to analyze sequencing data generated from whole genome sequencing (e.g.,
whole genome bisulfite sequencing}.

{00282} Additionally disclosed herein are particular genonic sites, such as CpG islands
{CGls) whose methylation statuses can be iformative for deternining whether an individual
1s at risk of a health condition or whether the individual has a health condition. These
informative CGls can represent a signal in a sample. In some embodiments, methylation
statuses of the informative CGls reprosenting a signal in a sample can be indicative of a
presence of the health condiion. In some embodmments, methylation statuses of the
informative CGIs representing a signal in a sample can be indicative of an absence of the
health condition. In various embodiments, methods disclosed herein, such as methods

mvolving the nultipie-tiered analysis, are useful for detecting or identifying the signal (e g,
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methviation statuses of the mformative CGlis) in a sample. In various erabodiments, mcthods
disclosed heren, such as methods involving the multiple-tiered analvsis, are useful for
mcreasing the probability that the detected signal (¢.g., methyvlation statuses of the
mformative CGls) in the sample is authentic. Thas, a signal {c.g., methylation statuses of the
mformative CGIs) detected by the multiple-tiered analysis can be confidently trusted as
present in the sample.

{00283} Methylation statuses of cancer informative CGls can be useful for predicting whether
an jndividual has a bealth condition. In various embodiments, the methylation statuses of
cancer informative CGls are background-corrected methylation statuses of cancer
mformative CGIs. For example, background-correcied methylation statuses of cancer
mformative CGIs can be determined via an intra~-individual analysis. For example,
background-corrected methvlation statuses of cancer informative CGls can be determined by
combining methylation information of cancer mformative CGIs of target nucleie acids and
methylation information of cancer mformative CGls of reference nucleic acids.

{00284} In various embodiments, cach cancer mformative CGI can be a “CGI wdentifier” or
reference number to allow referencing CGls during data processing by their respective unigue
CGl identfiers. The accompanying tables {e.g., Tables 1-4) lists, for cach CGL its respective
location in the human genome . Additional example CGls are disclosed 1o WQ2018209361
{see Table 1) and WO2022133315 {see Table 2 entrtled “TOO Methylation Sites” and Table
3 entitled “Pan Cancer Methylation Sites”), each of which is hereby incorporated by
reference in #s entirety. in some embodiments, methylation statuses of a plurality of CpGs
within a CGI may be analyzed. In some embodiments, at least a portion of the CpGs within a
CGI may be analyzed. In other embodiments, all of the CpGs within a CGI may be

analyzed. In some embodiments, an analysis of a CGI as contemplated herein may comprise
analtyzing CpGs within at least a portion of one or more regions in Tables 1-4.

{00285} Reference 1s now made to FIG. 2E, which s an dlustrative example of a signal
mformative for a health condition. Tn various embodiments, the signal informative for a
health condition shown in FIG. 2E can be generated as a result of the intra-individual
apalysis. Thus, the signal informative for a health condition represents background-corrected

sequence information ¢.g

.£., corrected via an intra~-individual analyvsis that combines sequence
information from target nucleic acids and reference nucleic acids. In various embodiments,

the signal imnformative for a health condition shown i FIG. 2E can represent sequence
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mformation of target nucleic acids. In such embodiments, the signal 1s not dertved from an
mtra-individual analysis.

{80286} As shown in FIG. 2E, for each instance of an analvie, e.g., a cell-free DNA fragment,
there 15 data indicating, for cach of a plurality of positions along the instance of the analyie,
e.g., distinct Cp( sites along a DNA fragment, information about a marker at that position,
e.g., whether that Cp(G 1s methylated or anmethyvlated. Ap instance of an analyte can be a
single sequenced DNA fragment or a portion of a single sequenced DNA fragment. In
various embodiments, the DNA fragment may be a bisulfite converted DNA fragment.
Therefore, an instance of an analyte may refer {0 a sequenced bisulfite converted DNA
fragment or a portion thereof,

{00287 Conceptually, using methylation of CpGs in cell-free DNA as an tliustrative
example, the signal iltustrated 1 FIG. 2E includes a row, e.g., row 240, for each wstance of
an analyte, such as a single sequenced DNA fragment. Thus, 1n FIG. ZE, data for sixteen
instances of an analyte are shown, ¢.g., sixtecn DNA fragments. I Figure 2, each circle
corresponds to a position along the analyte, such as a CpG site. In this example, whether the
circle 1s tlustrated as black or white in FIG. 2E, 1s indicative of whether the CpG site 15
methylated (black) or unmethylated (white}. In some instances, mformation about a marker at
a position in a nucleic acid may not be binary.

{30288} The information about the markers for cach instance of an analyte in a sample can
result in a large amount of data. As an example, in practice, in the case of obtaining
methylation state of CpGs in cell-free BNA from a blood sample using deep sequencing,
using a DNA sequencer that outputs such data into a FASTQ format data file, the signal
generated by processing a single blood sample can be many gigabytes, ¢.g., 20 to0 30
gigabytes, of data.

{00289} FIG. 2E also illustrates a relative alignment among the distinet instances of the
analyte. In the cxample of DNA, for example, the position of a DNA fragment within a
genome for the individual from which a sample onginated can be determined, and each
position within the genome can have a respective set of coordinates identifying it. Thus, DNA
fragments can be assigned coordinates based on their respective positions within the genome,
and then aligned or grouped by those coordinates. Thus, in FIG. 2E, column 242 mdicates a
position on an analvte, such as a single CpG site in a genome, and the distinet instances of the

analyte are illustrated as aligned by position on the analyte.
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100290} By using the posiion mformation for cach instance of an analyte, distinct nstances
of the analyie can be grouped into regions within the analvte. Typically, markers related to
health conditions are localized within identifiable regions of analytes, such as specific genes
ot regions within the genome. Thus, the signals generated for cach instance of an analyte can
be grouped and processed by health-condition-informative regions. In particular
embodiments, an informative region is a CGI {or at least a portion thereot) as disclosed in
any of Tables 1-4. The example in FIG. 2E can be considered to tllustrate data about
methyvlation at Cp(G sites within one informative region of the genome, for multiple DNA
fragments obtained from a biological sample. There can be multiple health-condition-
mformative regions.

{00291} Different metrics and health-condition-informative regions if used, may be useful
detecting a variety of discases or conditions, such as cancer, autoimmune disorders,
metabolic disorders, neurological disorders, aging, and trauma. Further examples of health
conditions and discases are described herein.

{00292} As disclosed herem, trained machine leaming models are deploved to generaie
informative prodictions regarding presence or absence of health conditions. To use a trained
machine learning model in this context, there are several technical problems that arise
relating to encoding the signal resulting from processing a biological sample into foatures.
Some problems arise because the signal includes a large amount of imformation. One of the
challenges mvolves reducing the volame of data into a set of informative features. However,
as the number of features increases, the complexity of the computational model increases.
However, as the number of features decreases, information relevant to detection of a health
condition may be lost. Some problems arise because of uncertainty around which metrics and
which regions of an analyte are truly informative of a health condition. Omission of some
metrics or some regions from the set of features may adversely impact the performance of a
tratned computational odel.

{00283} To address such problems, in various embodiments, very particularly engineere
features are generated from a biological sample. Such engineered features may be dependent
on one or more health-condition-mformative regions {(e.g., CGls} and/or one or more distingt
windows within the health-condition informative regions (¢.g., CGis). Each window may
have a specified range of positions within a health-condition informative region, and a
specified size. The size is specified in terms of a number of consecutive sites of interest

within the analyte. A etric is thus computed for a plurality of windows within the health-
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condition informative region. Thus, in particular erbodiments, the engincered features,
representing metrics within a particalar window within a health-condition informative region
{c.g., CGIs), are nformative for a health condition.

{00294} To tran a machine learming model, in some embodiments, a first set of features is
computed for a traming set, which can mnclude several candidate features. The candidate
features can include one or more candidate metrics, or one or more candidate health-
condition-informative regions, or combinations of both. A computational model can be
trained using candidate features, and then analyzed to deternune which candidate features
were more influential in the output of the tramed computational model. Such analysis can be
ased to identify features which are more influential to the model, whether due to the metric or
due to the health-condition~informative region. A second set of features can be defined by
reducing the first set of features based on those 1dentified features which are more nfluential,
and the trained machine learning model can be built using the second set of features.

{60295} In various embodiments, to gencrate data for a machine learning model {c.g., for
training or for deployment), the methodology includes computing, for one or more instances
of an analyte in a window of a plurality of windows on a target region of the analyte, a metric
specific for the window and the target region. The specific metrics used, and health-
condition-informative regions selected can depend on a variety of tactors and may be
experimentally determined. The machine learning model can be implemented to analvze at
feast the metric specific for the window and the target region. In various embodiments, the
metric specific for the window and the target region includes a proportion of a count of DNA
fragments having a specific count of methylated CpGs to a count of DNA fragments for the
window of the target region. In various embodiments, the metric specific for the window and
the target region comprises a proportion of a count of DNA fragments having a specific
pattern of methylation to a count of DNA fragments for the window of the target region. Asg
described 1o further detail below, computing the metric can involve applying two or more
functions. For example, computing the metrice specific for the window and the target region
can involve performing a first function to quantify a count of occurrences of methylated
CpGs within the window of the target region. As another example, computing the metric
specific for the window and the target region can mnvolve performing a second function to
normalize the count of occurrences of methyviated CpGs relative to a covnt of DNA fragments

for the window of the target region.
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100296} In various embodiments, to gencrate features, cach instance of the analyte {e.g, cell-
free DNA) 1s processed. For cach instance of an analyte in the biological sample, and for each
window of a phurality of windows on health-condition-informative regions of the analyte, a
respective value is generated. After processing instances of the analyte, the feature
computation module then computes, for each window of the plurality of windows on the
health-condition-informative region, one or more respective metrics for the window based on
a first function and/or a second function for instances of the analyte for the window. In
various embodiments, a first function quantifies markers within a window. As a specific
example, a first function refers to a quantification of a number of methylated CpG sites
within a window. In various embodiments, a second function computes a proportion of the
quantified markers within the window i relation to other quantified markers. As a specific
example, a second function computes the proportion of the number of methylated CpG sites
within a window relative to other numbers of methylated CpG sites within a window.
108297} Example implementations will now be described in reference to FIGs. 2F and 2G.
Here, in FI1G. 2F, illustrative marker information for instances of an analyte arc shown
schematically for the purposes of simplifving thus explanation. In this example, there are ten
{10} instances of an analyte, each having a length of six (6} sites of interest, at which marker
mformation is a binary value, indicated by a black or white eircle. FIG. 2F shows aligned
mstances of an analvie, along with the designation of a window with a particular kmer size
{e.g.. K=3}. Each window has a size of three (3} consecutive sites of interest within the
analyte. fn other emvbodiments, smaller or larger window sizes may be implemented for the
analvsis. There are four (4) windows of size three (3) (e, a first window that includes the
first, second, and third sites of interest from the left, a second window that includes the
second, third, and fourth sites of interest from the feft, a third window that inchudes the third,
fourth, and fifth sites of interest from the left, and a fourth window that inchudes the fourth,
fifth, and sixth sites of wterest from the left), but computations for three (3) windows are
shown.

{06298} In Figure 2F an example of a first function applicd to an instance of an analvic is a
count of occurrences of marker information within the nstance of the analyte withun the
window. For example, where the marker information 1s methylation of a Cp@Q site, this
function can be a count of methviated CpGs in the window. That i, if the window has a size

of three sites of interest, then there are four possible counts: 0, 1, 2, and 3. Note that inverse
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resulis would be obtained if the count was of unmethylated CpGs 1o the window, but such
results when used in training would have the same effect.

{80299} In FIG. 2F, the second function computes counts of the number of mstances having
cach possible count resulting from the first function. That is, if the window has a size of three
sites of interest, for which there are four possible counts €0, 1, 2, and 3}, for that window the
second function computes a coant of the number of tnstances with a count of zero, a count of
the number of instances with a count of one, a count of the nuniber of mstances with a count
of two, and a count of the number of instances with a count of three. The second function
divides the respective number of mstances computed for possible counts by the total nurnber
of instances, thus providing a fractional value for each of the possible counts for this window.
{00300} In this example m FIG. 2F, for this health-condition-informative region (referced to
as “HC1™), there are windows W17, “W27, and “W37, cach of which has four {(4) values,
representing the respective count for each possible count of methylated CpGs among the
instances that overlap that window. Because there are ten {10} instances, each of these values
is divided by 10 in the second function, to provide the respective final four output values for
cach window. As shown in FIG. 2F, referring to the example of Window 1 (W1}, the final
four cutput values are 0.3 {0 methylated CpG sites in the window), 0.1 {1 methylated CpG
sites in the window), 0.1 (2 methylated CpG sites in the window), and 0.5 (3 fully methylated
Cp( sites in the window). Here, the proportion of fully methylated CpG sites, proportion of
fully non-methylated CpG sites, and proportion of partially methylated CpG sites {e.g., cither
1 or 2 methylated Cp(G sites in the window) can be metrics informative for a health condition.
{00301} Reference 1s now made to FIG, 2G, which shows an example application of a first
function and second function 1o instances of an analvte. Here, the bottom of FIG. 2G shows
patterns of the marker information in the instance, from among a set of possible patterns. A
pattern is a wnigue sequence of marker information along the sites of interest in a window.
For example, as shown n FIG. 2G, if the window has a size of three sites of interest, and if
the marker mformation for the sites of information 1s binary, then there are eight possible
pattems. For example, where the marker information is methylation of a CpG site, cach
possible pattem of methylation in a window is a distinct sequence of the methylation state
{¢.g., methvlated or unmethylated) of the CpG sttes along the sequence of consecutive CpG
sites in the window. When the marker information is methyviation of CpQ sites, the first

function, applied to an instance of a BNA fragment in a window, outputs an indication of
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which of the possible paticms of macthvlation of CpGs 15 present in the window in that DNA
fragment.

{86382} The second fimction computes a count of the number of instances having cach
possible pattern in a window. That is, for that window, the second function produces a count
of the number of instances with the first pattern, a count of the number of mnstances with the
second pattern, and so on. The second function then divides the respective number of
wstances identified for cach possible pattern by the total mumber of instances, thus providing
a fractional value for each of the possible pattorns for this window, as shown in the bottom
panel of F1G. 2G.

{00303} In this example 1 FIG. 2@, for this health-condition-informative region {say,
“HCY7), there are windows “W17, “W27, and “"W37, cach of which has eight values,
representing the respective number of occurrences cach possible pattern among the instances
that overlap that window divided by the number of instances, in this case ten (10}

108304} In any of the forogoing example umplementations, and in other implementations, a
size of a health-condition-informative region, n terms of a number of sites of interest within
an instance of an analvte, can vary. For example, cancer-informative regions of DNA may be
as small as a single CpG sife, and may include several 107, 100°s, or 10007s of CpG sites.
Within a set of features, there may be a phurality of health-condition-informative regions,
each having its own respective size.

{03365 In any of the foregoing example implementations, and in other implementations, a
size of a window in a health-condition-informative region, in terms of a mumber of sites of
ioterest within an instance of an analyte, can vary. Generally, the number of sites of micrest is
a positive mteger number that ranges between 1 and N. In some example implementations, N
is less than or equal to 10, 0r 9, 0r 8, or 7, or 6, 0r 5, or 4, or 3. In various embodiments, a
window within a health-condition informative region includes a specific numbers of CpG
sites. In various crabodiments, Nis 1,2, 3,4, 5, 6,7, 8,9, or 10 CpG sites. In various
embodiments, N 1s between 1 and 100, between 2 and 80, between 3 and 60, between 4 and
44, between 5 and 20, or between 6 and 10 CpG sites. In various embodiments, V s between
{ and 190, between 2 and 9, between 3 and 8, between 4 and 7, or between 4 and 6 CpG sites.
Within a set of features, there may be a plurality of health-condition-informative regions,
cach having its own respective window size or set of window sizes. Different window sizes

may be used i different regions. The same window size may be used in different regions. A
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region may have metrics computed for it for multiple different window sizes. Windows may
be over-lapping or non-overlapping.

{80306} In various embodiments, a metric represents an input vector that can be provided as
mput to a machine learing model {e.g., cither during training or deployment of the machine
learning model). Here, the metric mayv be specific for a window and a target region of
mterest {e.g., a target region comprising one or more Cp(r sites). For example, the input
vector of the metric may mchude a set of values representing the proportion of counts of
methylated CpGs in the window relative to a total count {c.g., total count of DNA fragments
for the window of the target region). In various embodiments, the input vector of the metric
may include a set of values representing proportions of DNA fragments having specific
counts of methvilated CpGs out of all possible CpG methylation patterns in the window. The
all possible CpG methylation patterns are 2 possible patterns, where £ refers to a number of
CpG sites in the window. Referring agamst to the botton panel of FIG. 2G, an input vector
of a metric can be generated for a particular window. Taking the first window (e.g., lefi-most
window shown in FIG. 2G) as an example, the mput vector of the metne may include the
proportion vales shown in the left most column in the bottom panel of Fig. 2G. Thas, the

input vector of the metric may be represented as {0.3,0.1,0.0,0,0.1, 0, 0.5

Sinular input
vectors for other metrics can be generated using the values of other windows.

{80307} The computed sets of values for the set of features for samples can be stored n a data
struciure, which can be stored in a database, memory, or other computer storage for use in
connection with the computational model, or for other purposes.

{30308} In some wnplementations, the scts of values for the set of features for a sample can
be stored in association with an identifier of the subject, or an identifier of the sample, or
both, so that the identifier of the subject or the identifier of the sample, or both, can be used to
access the set of values from the computer storage. In some tuplementations, cach computed
value can be associated with an identifier of the cancer-informative region, and an identifier
of the window within that region, to which the value corresponds.

{08309 Accordingly, an example implementation of such a data structure is shown in Figure
2H. A set of values for 3 set of features s stored for a biological sample originating from a
subject. The data structure can mnclade an optional identifier for the subject, and an optional
identifier for the biological sample. The latter identifier is uscfisl when there are multiple
samples for a single subject. For a sample, as mdicated at 259, the set of features includes one

or more metrics, for cach of one or more windows 234, e.g., window “W-1-17, within each of
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one or more health-condition-informative regions 2524, ¢.g., region “R17or232Be.g.,

region “R27. For cach feature, ¢ g., R-1, W-1-1, Metric, the computed value, ¢.g., Value 256,
ia stored. The number of windows in each region can be different for each region. The size of
the window can be different for cach window. The metric(s} computed for the window can be

different for cach window.

Health Conditions

{80318} The disclosure provides methods for performing a multiple-tiered analysis {e.g.,
screening and/or intra-individual analysis} to identify presence of a health condition in one or
more patients, In various embodiments, the paticot may be suspected of having a health
condition, but may not have been previously diagnosed with a health disorder. In various
embodiments, the patient is healthy and s not yet suspected of having a health condition. In
certain embodiments, a health condition 1s an early-stage health condition, e.g., prior to
development of symptoms, such as an carly-stage cancer. {n cortain embodiments, the health
condition refers to a pre-discase health condition, e.g., a health condition that 1s not presently
adisease state but may later mature to a disease state. Non-limiting examples of pre-disease
health conditions include precancer and prediabetes.

{30311} In various embodiments, the health condition can be a disease or disorder. Exaraples
of diseases and/or disorders can mnclude, for example, a cancer, mflammatory disease,
neurodegenerative disease, astoimmune disorder, neuromuscular disease, metabolic disorder
{e.g.. diabetes), cardiac disease, or fibrotic disease {(¢.g., idiopathic pulmonary fibrosis}).
100312} In particular emboduncnds, the health condition 1s a cancer. In varous embodinents,
the cancer is an early stage cancer. In various embodiments, the cancer 1s a preclinical phase
cancer. In various embodiments, the cancer is a stage I cancer. In vanous embodiments, the
cancer is a stage I cancer. Thus, the methods disclosed herein cnable the screening and
diagnosis of an individual for an carly stage or preclinical stage cancer.

{03031 3] In various embodiments, the cancer 1s any of an acute lymphoblastic leukenua, acute
myeloid ieukemia, adrenocortical carcinoma, soft tissue sarcoma, lymphoma, anal cancer,
gastrointestinal cancer, brain cancer, skin cancer, bile duct cancer, bladder cancer. bone
cancer, breast cancer, lung cancer, cardiac cancer, central nervous system cancer, cervical
cancer, chronic lymphocytic leukemia, chronic myclogenous leukenua, chromic
myveloproliferative neoplasms, colorectal cancer, uterine cancer, esophageal cancer, head and

neck cancer, eve cancer, fallopian tube cancer, gallbladder cancer, gastric cancer, gemm cell
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tumor, gestational trophoblastic cancer, hairy cell leukemia, liver cancer, Hodgkm
vmphoma, intraocular melanoma, pancreatic cancer, kidney cancer, leukemia, mesothelioma,
metastatic cancer, mouth cancer, nmultiple endocrine neoplasia syndromes, multiple myveloma
neoplasms, myelodysplastic neoplasms, ovarian cancer, parathyroid cancer, penile cancer,
pheochromocytoma, pituitary cancer, plasma cell neoplasm, primary peritoneal cancer,
prostate cancer, rectal cancer, retinoblastoma, sarcoma, small intestine cancer, testicular
cancer, throat cancer, thymoma and thymic carcinoma, thyroid cancer, urethral cancer,
uierine cancer, vaginal cancer, and vulvar cancer,

{80314} In various embodiments, the mflamymatory disease can be any one of acute
resprratory distress syndrome (ARDS), acute lung injury {ALI), alcoholic liver discase,
allergic inflammation of the skin, lungs, and gastrointestinal tract, allergic rhinitis, ankylosing
spondvlitis, asthma (allergic and non-allergic), atopic dermatitis {also known as atopic
eczema), atherosclerosis, celiac disease, chronic obstructive pulmonary disease (COPD),
chronic respiratory distress syndrome (CRIDS), colitis, dermatitis, diabetes, eczema,
endocarditis, fatty liver disease, fibrosis {¢.g., idiopathic pulmonary fibrosis, sclerodenna,
kidney fibrosis, and scarring), food allergies {o.g., allergies to peanuts, eggs, dairy, shellfish,
tree nuts, et¢.), gastritis, gout, hepatic steatosis, hepatitis, inflammation of body organs
mchiding joint mflammation including joints in the knees, limbs or hands, mflammatory
bowel disease (IBD (including Crohn's disease or uleerative colitis), intestinal hyperplasia,
irritable bowel syndrome, juvemie rheamatoid arthritis, liver disease, metabolic syndrome,
multiple sclerosis, myasthenia gravis, neurogenic lung edema, nephritis (e.g.. glomenular
nephritis), non-alcoholic fatty hiver disease (NAFLD) (ncluding non-~alcoholic steatosis and
noun-alcoholic steatohepatitis (INASH)), obesity, prostatitis, psoriasis, psoriatic arthniis,
rheumatoid arthritis (RA), sarcoidosis sinusitis, splenitis, scasonal allergics, sepsis, systemic
hipus ervthematosus, uveitis, and UV-induaced skin mflammation.

{00315] In various embodiments, the neurodegencrative disease can be any one of
Alzheimer's discase, Parkinson's disease, traumatic CNS imjury, Down Syndrome (DS),
glaucoma, amyotrophic lateral sclerosis (ALS), frontotemporal dementia (FTD), and
Huntington’s disease. o addition, the neurodegenerative disease can also include Absence of
the Septum Pellucidum, Acid Lipase Dhsease, Acid Maltase Deficiency, Acquired
Epileptiform Aphasia, Acute Disseminated Encephalomyvelitis, ADHD, Adie’s Pupil, Adie’s
Syadrome, Adrenoleukodystrophy, Agenesis of the Corpus Callosum, Agnosia, Aicardi

Syodrome, AIDS, Alexander Disease, Alper’s Discase, Alternating Heruplegia,
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Anencephaly, Aneurysm, Angelman Syndrome, Aungiomatosts, Anoxia, Antiphosphipid
Syndrome, Aphasia, Apraxia, Arachnoid Cysts, Arachnoiditis, Arnold-Chiari Malformation,
Arteriovenous Malformation, Asperger Svndrome, Ataxia, Ataxia Telangiectasia, Ataxias
and Cerebellar or Spinocerebellar Degeneration, Autism, Autonomic Dysfunction, Barth
Syndrome, Batten Disease, Becker’s Myotonia, Behcet's Disease, Bell’s Palsy, Benign
Essential Blepharospasm, Benign Focal Amvotrophy, Benign Intracramial Hypertension,
Bershardt-Roth Syadrome, Binswanger's Discase, Blepharospasm, Bloch-Sulzberger
Syndrome, Brachial Plexus Injurics, Bradbury-Eggleston Syndrome, Brain or Spmal Tumors,
Brain Aneurvsm, Brain injury, Brown-Sequard Syndrome, Bulbospinal Muscuolar Atrophy,
Cadasil, Canavan Dhsease, Causalgia, Cavernomas, Cavernous Angioma, Central Cord
Syndrome, Central Pain Syndrome, Central Pontine Myelinolysis, Cephalic Disorders,
Ceranmidase Deficiency, Cercbellar Degeneration, Cercbellar Hypoplasia, Cerebral
Anearysm, Cerebral Arteriosclerosis, Cerebral Atrophy, Cerebral Beribent, Cerebral
Gigantism, Cerebral Hypoxia, Cercbral Palsy, Cerebro-Oculo-Facio-Skeletal Syndrome,
Charcot-Marie-Tooth Disease, Chian Malformation, Chorea, Chronie Inflammatory
Demyelinating Polvneuropathy (CIDP), Coffin Lowry Syandrome, Colpocephaly, Congenital
Facial Diplegia, Congenital Myasthenia, Congenital Myopathy, Corticobasal Degeneration,
Cramal Arteritis, Craniosvnostosis, Creutzfeldt-Jakob Disease, Cumulative Trauma
Disorders, Cushing's Svndrome, Cytomegalie Inclusion Body Disease, Dancing Eves-
Dancing Feet Syndrome, Dandy-Walker Syndrome, Dawson Discase, Dementia, Dementia
With Lewy Bodies, Dentate Ceorebellar Ataxia, Dentatorubral Atrophy, Dermatomyositis,
Developmental Dyspraxia, Devic's Syndrome, Diabetic Neuropathy, Diffuse Sclerosts,
Dravet Syndrome, Dyvsantononua, Dysgraphia, Dyslexia, Dysphagia, Dyssynergia
Cerebellaris Myoclonica, Dvstonias, Easly Infantile Epifeptic Encephalopathy, Empty Sella
Syndrome, Encephalitis, Encephalitis Lethargica, Encephaloceles, Encephalopathy,
Encephalotrgenminal Angiomatosts, Epilepsy, Erb-Duchenne and Dejerine-Klumpke Palsies,
Erb's Palsy, Essential Tremor, Extrapontine Myelinolysis, Fabry Discase, Fahr's Syndrome,
Fainting, Familial Dysantononua, Familial Hemangioma, Familial Periodic Paralyzes,
Familial Spastic Paralysis, Farber's Disease, Febrile Seizures, Fibromuscular Dysplasia,
Fisher Syndrome, Floppy Infant Syndrome, Foot Drop, Friedreich’s Ataxia, Frontotemporal
Dementia, Gangliosidoses, Gaucher's Disease, Gerstmann's Syndrome, Gerstmann-
Straussler-Scheinker Disease, Giant Cell Artentis, Giant Cell Inclusion Discase, Globoid Cell

Leukodystrophy, Glossopharyngeal Neuralgia, Glycogen Storage Discase, Guillain-Barre
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Syndrome, Hallervorden-Spatz Disease, Head Injury, Hemicrania Continua, Hemitacial
Spasm, Hemiplegia Alterans, Hereditary Neuropathy, Hereditary Spastic Paraplegia,
Heredopathia Atactica Polyvnewrttiformis, Herpes Zoster, Herpes Zoster Gticus, Hiravama
Syndrome, Holmes-Adie syndrome, Holoprosencephaly, HTLV-1 Associated Myelopathy,
FHhighes Svndrome, Huntington's Disease, Hvdranencephaly, Hyvdrocephalus, Hydromyelia,
Hypemychthemeral Syndrome, Hypersomnia, Hypertonta, Hypotonia, Hypoxia, Immune-
Mediated Encephalomyelitis, Inclusion Body Myuositis, Incontinentia Pigmentt, Infantile
Hyvpotonia, Infantile Neuroaxonal Dystrophy, Infantile Phytanic Acid Storage Discase,
Infantile Refsum Discase, Infantile Spasms, Inflammatory Myopathies, Iniencephaly,
Intestinal Lipodystrophy, Intracranial Cysts, Intracranial Hypertension, Isaac’s Syndrome,
Joubert syndrome, Keams-Sayre Syndrome. Kennedy's Disease, Kinsbourne syndrome,
Kleine-Levin Syondrome, Khippel-Feil Svadrome, Klippel-Trenaunay Syadrome (KTS},
Klaver-Bacy Syndrome, Korsakoff's Ammnesic Syndrome, Krabbe Disease, Kogelberg-
Welander Discase, Kuru, Lambert-Eaton Myasthenic Syndrome, Landau-Kleffoer Syndrome,
Lateral Medullary Syndrome, Learming Disabilitios, Leigh's Dhsease, Lemmox-Gastaut
Syndrome, Lesch-Nvhan Syndrome, Leukodvstrophy, Levine~-Critchley Syndrome, Lewy
Body Bementia, Lipid Storage Dhseases, Lipoid Proteinosis, Lissencephaly, Locked-In
Syndrome, Lou Gehrig's Disease, Lupus, Lyme Discase, Machado-Joseph Discase,
Macrencephaly, Melkersson-Rosenthal Svndrome, Meningitis, Menkes Disease, Meraigia
Paresthetica, Metachromatic Leukodystrophy, Microcephaly, Migraine, Miller Fisher
Syndrome, Mini-Strokes, Mitochondrial Myopathies, Motor Newron Diseases, Moyamoya
Discase, Mucolipidoses, Mucopolysaccharidoses, Multiple sclerosis (MS), Multiple System
Atrophy, Muscular Dystrophy, Myasthema Gravis, Myoclonus, Myopathy, Myotonia,
Narcolepsy, Neuroacanthocyiosis, Neurodegeneration with Brain Iron Accumulation,
Neurofibromatosis, Neuroleptic Malignant Syndrome, Neurosarcoidosis, Neurotoxicity.
Nevus Cavemosus, Niemann-Pick Disease, Non 24 Slecp Wake Disorder, Nommal Pressure
Hydrocephalus, Occipital Neuoralgia, Occult Spinal Dvsraphism Sequence, Ohtahara
Syndrome, Olivopontocerebellar Atrophy, Opsoclonus Myoclonus, Orthostatic Hypotension,
O'Sullivan-MeLeod Syndrome, Overuse Syndrome, Pantothenate Kinase-Associated
Neurodegeneration, Paraneoplastic Syndromes, Paresthesia, Parkinson's Disease, Paroxysmal
Choreoathetosis, Paroxysmal Hemicrania, Parry-Romberg, Pelizacus-Merzbacher Disease,
Perineural Cysts, Periodic Paralyzes, Peripheral Neuropathy, Periventricular Leukomalacia,

Pervasive Developmental Disorders, Pinched Nerve, Puiformis Syndrome, Plexopathy,
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Polymyositis, Porape Discase, Porencephaly, Postherpetic Neuralgia, Postinfectious
Encephalomyvehtis, Post-Polio Syndrome, Postural Hypotension, Postural Orthostatic
Tachyardia Syndrome (POTS), Primary Lateral Sclerosis, Prion Discases, Progressive
Muliitocal Leukoencephalopathy, Progressive Sclerosing Poliodysirophy, Progressive
Supranuclear Palsy, Prosopagnosia, Pscudotumor Cerebri, Ramsay Hont Syndrome |
Ramsay Hunt Syndrome 1, Rasmussen's Encephalitis, Reflex Sympathetic Dystrophy
Syndrome, Refsum Discase, Refsum Disease, Repetitive Motion Disorders, Repetitive Stress
Injuries, Restless Legs Syndrome, Retrovirus-Associated Myelopathy, Rett Syondrome, Reve's
Syndrome, Rheumatic Encephalitis, Riley-Day Syndrome, Samnt Vitus Dance, Sandhoff
Discase, Schizencephaly, Septo-Optic Drvsplasta, Shingles, Shyv-Drager Syndrome, Sjogren's
Syndrome, Skeep Apnea, Sleeping Sickuness, Sotos Syndrome, Spasticity, Spmal Cord
Infarction, Spinal Cord Injury, Spinal Cord Tumors, Spinocercbellar Atrophy,
Spinocerebellar Degeneration, Stiff-Person Syndrome, Striatonigral Begeneration, Stroke,
Sturge-Weber Syadrome, SUNCT Headache, Syncope, Syphilitic Spmal Sclerosis,
Syringomyehia, Tabes Dorsalis, Tardive Dyskinesia, Tarlov Cysts, Tay-Sachs Discase,
Temporal Arteritis, Tethered Spinal Cord Svndrome, Thomsen's Myotonia, Thoracie Outlet
Syndrome, Thyrotoxic Myopathy, Tinnitus, Todd's Paralysis, Toarctte Syndrome, Transient
Ischenuc Attack, Transmissible Spongiform Encephalopathies, Transverse Myelitis,
Traumatic Bram Injury, Tremor, Trigeminal Neuralgia, Tropical Spastic Paraparesis, Trover
Syndrome, Tuberous Sclerosis, Vasculitis including Temporal Arteritis, Von Economo's
Digease, Von Hippel-Lindau Disease (VHL), Von Recklinghausen's Disease, Wallenberg's
Syndrome, Werdnig-Hotfinan Disease, Wernicke~-Korsakoff Syndrome, West Syndrome,
Whiplash, Whipple's Discase, Williams Syndrome, Wilson's Disease, Wolman's Disease, X-
Linked Spinal and Bulbar Muscelar Atrophy, and Zellweger Syndrome.

{00316} In various embodiments, the autcimmune disease or disorder can be any one of
arthritis, including rheumatoid arthritis, acute arthritis, chronic rheumatord arthritis, gout or
gouty arthritis, acute gouty arthritis, acute immunological arthritig, chronic mflammatory
arthritis, degenerative arthntis, type U collagen-induced arthritis, infectious arthyitis, Lyme
arthritis, proliferative arthntis, psoniatic arthritis, Still's discase, vertebral arthritis, juvenile-
onset rheumatoid arthritis, osteoarthritis, arthritis deformans, polyarthnitis chronica primaria,
reactive arthritis, and ankvlosing spondylitis; nflammatory hyperproliferative skin diseases;
psoriasis, such as plaque psoriasis, pustolar psoriasis, and psoriasis of the nails; atopy,

mecluding atopic discases such as hay fever and Job's syndrome; demmatitis, mncluding contact
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dermatitis, chronic contact dermatitis, exfoliative dermatitis, allergic dermatitis, allergic
contact dermatitis, dermatitis herpetiformis, mummular dermatitis, seborrheic dermatitis, non-
specific dermatitis, primary irritant contact demmatitis, and atopic dermatitis; x-hinked hvper
IgM syndrome; allergic intraocular inflammatory discases; urticaria, such as chronic allergic
urticana, chronic idiopathic urticaria, and chronic autoimmune uriicana; myositis;
polymyositis/dermatomyositis; juvenile dermatomyositis; toxic epidermal necrolysis;
scleroderma, including systemuc sclerodemma; sclerosis, such as systemic sclerosis, multiple
sclerosis {MR), spino-optical MS, prmary progressive MS (PPMS), relapsing remitting MS
(RRMS}, progressive systemic sclerosis, atherosclerosts, arteriosclerosis, sclerosis
disseminata, and ataxic sclerosis; newromyelitis optica (NMO), inflammatory bowel disease
{(IBD), including Crobn's disease, autotmmune-mediated gastrointestinal diseases, colitis,
wleerative colitis, colitis ulcerosa, microscopic colitis, collagenous colitis, colitis polvposa,
necrotizing enterocolitis, transmural colitis, and autoimmume inflammatory bowel disease;
bowel inflamamation; pyoderma gangrenosum; ervthema nodosunt, primary sclerosing
cholangitis; respiratory distress syndrome, including adult or acute respiratory distress
syndrome {ARDS); meningitis: inflammation of all or part of the uvea; intis; choroiditis; an
autotmmaune hematological disorder; rheumatoid spondylitis; rheumatoid synovitis;
hereditary angioedema; crantal nerve damage, as in meningitis; herpes gestationis;
pernphigoid gestationis; pruritis scroti; autoimnuine premature ovarian faiture; sudden
hearing loss due to an autoimmune condition; IgE-mediated diseases, such as anaphyvlaxis
and allergic and atopic rhinitis; eneephalitis, such as Rasmussen's encephalitis and limbic
and/or brainstem encephalitis; uvertis, such as anferior uveitis, acute anterior uveitis,
granulomatous uveitis, nongranulomatous uveitis, phacoantigenic wveitis, posterior uveitis, or
autoimmune aveitis; glomendonephritis {GN) with and without nephrotic syndrome, such as
chronic or acute glomerulonephritis, primary GN, immune-mediated GN, membranous GN
{membranous sephropathy), idiopathic merbranous GN or idiopathic membranous
nephropathy, membrano- or membranous proliferative GN (MPGON), including Type Tand
Type U, and rapidly progressive GN; proliferative nephritis; autoinunune polyglandular
endocrine fatlure; balavitis, including balamtis circumscenipta plasmacellularns;
balanoposthitis; ervthemsa annulare centrifugum: erythema dyschronuicum perstans; eythema
multiform; granuioma annulare; lichen nitidus; lichen sclerosas et atrophicus; hichen simplex
chronicus; lichen spinulosus; lichen planus; lamellar ichthyosis; epidermolytic

byvperkeratosis; premalignant keratosis; pyoderma gangrenosum; allergic conditions and
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respounses; allergic reaction; eczema, including allergic or atopic eczema, asteatotic eczema,
dyshidrotic eczema, and vesicular palmoplantar eczema; asthma, such as asthma bronchiale,
bronchial asthma, and avto-imumone asthma; conditions mvolving wnfiltration of T cells and
chronic mflanvmatory responses; inunune reactions against foreign antigens such as fetal A-
B-0 blood groups during pregnancy; chrome pulmonary mflammatory disease; autoimmune
myocarditis; feukocyte adhesion deficiency; lupus, mchiding hupus nephritis, fupus cerebritis,
pediatric lupus, non-renal hupus, extra-renal lupus, discoid hipus and discoid lupus
ervthematosus, alopecia lupus, systemic lupus ervthematosus (SLE), cutancous SLE,
subacute cutancous SLE, neonatal tapus syndrome (NLE), and lupus ervthematosus
disseminatus; jovenile onset (Tvpe I} diabetes melbitus, including pediatnic insulin-dependent
diabetes mellitus (FDDM), adult onset diabetes mellitus (Type [ diabetes), autotmmune
diabetes, idiopathic diabetes msipidus, diabetic retinopathy, diabetic nephropathy, and
diabetic large-artery disorder; immusne responses associated with acute and delayed
hyvpersensitivity mediated by cytokines and T-lymphocyics; tuberculosis; sarcoidosis;
granulomatosis, including lymphomatoid granulomatosis; Wegener's granulomatosis;
agramilocytosis; vasculitides, including vasculitis, large-vessel vasculitis, polymyvalgia
rheumatica and giant-cell (Takayasw's) arteritis, medinun-vessel vasculitis, Kawasaki's
discase, polyarteritis nodosa/periarteritis nodosa, microscopic polyarteritis, immunovasculitis,
CNS vasculitis, cutaneous vasculifis, hyvpersensitivity vasculitis, necrotizing vasculitis,
systemic necrotizing vasculitis, ANCA-associated vaseulitis, Churg-Strauss vasculitis or
syndrome (C88), and ANCA-associated small-vessel vasculitis; temporal artentis; aplastic
anernia; autotnmune aplastic ancuua; Coombs positive anersia; Diamond Blackfan ancmua;
hemolytic anemia or immune hemolytic anemia, including autoimmune hemolytic anemia
{AIHA), pernicious anemia {(anemia perniciosa), Addison'’s disease; pure red ccll anemia or
aplasia (PRCA); Factor VI deficiency; hemophilia A; avtoimuymune neutropenia;
pancyiopenia; leukopenia; discases involving leukocyte diapedesis; CNS mflammatory
disorders; multiple organ ijury syndrome, such as those secondary to septiceria, frauma or
hemorrhage; antigen-antibody complex-mediated diseases; anti-glomerular basement
membrane disease; anti-phospholipid antibody syndrome; allergic neuritis; Beheet's
disease/syndrome; Castleman's syndrome; Goodpasture's syndrome; Reynaud's syndrome;
Sjogren's syndrome; Stevens-Johnson syndrome; pemphigoid, such as pemphigoid bullous
and skin pemphigoid, pemphigus, pemphigus vulgaris, pemphigus foliaceous, pemphigus

necus-membrane pemphigoid, and pemphigus erythematosus; autotnmune
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polyendocrinopathies: Retter's disease or syndrome; thermal ijury; preeclampsia; an immune
complex disorder, such as immune complex nephritis, and antibody-mediated nephritis;
polvneuropathies; chronic neuropathy, such as IgM polyneuropathies and lgM-mediated
neuropathy: thrombocytopenia (as developed by myocardial nfarction patients, for example),
melading thrombotic thromboeyiopenic purpura (TTP), post-transfusion purpura (PTP),
heparin-induced thrombocyvtopenia, agtoimmune or immanc-mediated thrombocytopenia,
wdispathic thrombocytopenic purpura (ITP), and chronic or acute ITP; scleritis, such as
idiopathic cerato~scleritis, and episcleritis; autoimamune discase of the festis and ovary
imchuding, autotmmune orchitis and oophoritis; primary hypothyroidism;
hypoparathyroidism; awtoimmune endocrine diseases, including thyroiditis, autoimmune
thyroiditis, Hashimoto's disease, chronic thyroiditis (Hashimoto's thyroiditis), or subacute
thyroiditis, autoimmune thyroid disease, idiopathic hypothyroidism, Grave's discase,
polyglandudar syndromes, agtoimmune polyglandolar syndromes, and polyglandular
endocrinopathy syndromes; parancoplastic syadromes, including neurclogic parancoplastic
syndromes; Lambert-Eaton rayasthenic syndrome or Eaton-Lambert syndrome; stiff-man or
stiff-person syndrome; encephalomyelitis, such as allergic encephalomyelitis,
encephalomyelitis allergica, and experimental allergic encephalomyelitis (EAE); myasthenia
gravis, such as thymoma-associated myasthenia gravis; cerebellar degeneration;
neuromyotonia; opsoclonus or opsoclonus myoclonus syndrome {OMS); sensory neuropathy;
multifocal motor neuropathy; Shechan's syndrome; hepatitis, inchiding autotmmune hepatitis,
chronic hepatitis, lupoid hepatitis, giant-celf hepatitis, chronic active hepatitis, and
autoivunune chronic active bepatitis; lymphotd interstitial preumonitis (LIP); bronchiolitis
obliterans {non-transplant} vs NSIP; Guillain-Barre syndrome, Berger's disease (IgA
nephropathy); idiopathic IgA nephropathy; lincar IgA dermatosis; acute febrile neutrophilic
dermatosis; subcorneal pustidar dermatosis; transient acantholytic dermatosis; cirrhosis, such
as primary biliary cirrhosts and pneumonocirthosts; autoimmune enteropathy svndronic:
Cehae or Coehiac disease; celiac sprue {gluten enteropathy): refractory sprue; wdiopathic
sprue; cryvoglobulinemia; amylotrophic lateral sclerosis {ALS; Lou Gehrig's discase);
coronary artery disease; autoinunune ear disease, such as autoinunune fnner car discase
{AIED): antoimamune hearing loss; polvchondritis, such as refractory or relapsed or relapsing
polvchondritis; pulmonary alveolar proteinosis; Cogan's syndrome/nonsyphilitic interstitial
keratitis; Bell's palsy; Sweet's discase/syndrome; rosacca avtoimmune; zoster-associated

pain; amvloidosis; a non-cancerous lymphocytosis; a primary bymphocytosis, including
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monoctonal B cell lymphocyiosis {¢.g.. benign monocional gammopathy and monocional
gammopathy of undetermined significance, MGUS); penpheral neuropathy; channelopathies,
such as eptlepsy, migraine, arrthythmia, muscular disorders, deafness, blindness, periodic
paralysis, and channclopathics of the CNS; autism; inflammatory myopathy; focal or
segmental or focal segmental glomerulosclerosis (FSG5); endocrine opthalmopathy;
uveorstinitis; chortoretinitis; autoimmune hepatological disorder; fibromyalgia; muitiple
endocring failure; Schoidt's syndrome; adrenalitis; gastric atrophy, presenile dementia;
demyelinating diseases, such as autoinunune denmyelinating diseases and chronie
mflammatory demyehinating polyvneuropathy; Dressler's svndrome; alopecia areata; alopecia
totalis; CREST svndrome {calcinosis, Raynaud's phenomenon, csophageal dvsmotility,
sclerodactyly, and telangiectasia), male and fomale autoimmune infertidity {e.g., due to anti-
spermatozoan antibodies); mixed connective tissue discase; Chagas' discase; rheumatic fever,
recurrent abortion; farmer's lang; ervthema multiforme; post-cardiotomy syadrome;
Cushing's syndrome; bird-fancier’s lung; allergic granulomatous angiitis; benign lymphocytic
angtitis; Alport's syndrome; atveolitis, such as allergic alveolitis and fibrosing alveolitis;
nterstitial fung disease; transfusion reaction; leprosy; malaria; Samter's syndrome; Caplan's
syndrome; endocarditis; endomyocardial fibrosis; diffuse interstitial pulmonary fibrosis;
mterstitial lung fibrosis; pulmonary fibrosis; idiopathic pulmonary fibrosis; evstic fibrosis;
endophthalmitis; ervthema elevatum et diutinum; ervthroblastosis fetalis; eosinophilic
fasciitis; Shulman's syndrome; Felty's syndrome; flartasis; cyclitis, such as chromic cyclitis,
heterochronie cyclitis, indocyclitis (acute or chronic), or Fuch's cyclitis; Henoch-Schonlein
purpura; sepsis, endotoxenuia; pancreatitis; thyroxicosts; Evan's syndrome; autotomune
gonadal failare; Sydenham's chorea; post-streptococcal nephritis; thromboangitis ubiterans;
thyvrotoxicosis; tabes dorsalis; choroditis; giant-cell polymyalgia; chronic hypersensitivity
pueumonitis; keratoconjunctivitis sicea; epidemic keratoconjunctivitis; idiopathic nephritic
syndrome; muumal change nephropathy; benigo familial and 1schevua-reperfusion iyury;
transplant organ reperfusion; retinal autoimmunity; jomt inflammation; bronchitis; chronie
cbstructive atrway/pulmonary disease; silicosis; aphthae; aphthous stomatitis; arteriosclerstic
disorders; aspermiogenese; autoimmune hemolysis; Boeck's disease; cryvoglobulinenua;
Dupuytren's contracture; endophthalmia phacoanaphylactica; enteritis allergica; ervthema
nodo sum leprosum; idiopathic facial paralysis; febris rheumatica, Hamman-Rich's disease;
sensoncural hearing loss; hacmoglobinuna paroxysmatica; hypogonadism; ilettis regionalis;

leucopenia; mononucleosis infoctiosa; traverse myelitis; pamary idiopathic myxedema;
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nephrosis; ophithalmia symphatica; orchitis granulomatosa; pancreatitis; polyradiculitis acuta;
pyvoderma gangrenosum; Quervain's thyreoiditis; acquired splenic atrophy; non~malignant
thyvmoma; vitiligo; toxic-shock syndrome; food poisoning; conditions nvolving mfiltration of
T celis; leukocyte-adhesion deficiency; immune responses associated with acute and delayed
hyvpersensitivity mediated by cvtokines and T-lymphocvies; diseases involving lenkocvie
diapedesis: muitiple organ injury syndrome; antigen-antibody complex-mediated discases;
antiglomerular basement membrance disease: allergic neuritis; antoimmune
polyendocrinopathics; cophoritis; primary myxedema; autoiminune atrophic gastritis;
sympathetic ophthalmia; rheumatic diseases; mixed connective tissue disease; nephrotic
syadrome; msulitis; polyendocrine failure; autoimmune polvglandudar syndrome type §;
adult-onset diopathic hvpoparathyvroidism (AQHH); cardiomyopathy such as dilated
cardiomyvopathy; epidermolisis bullosa acquisita (EBA); hemochromatosis; myocarditis;
nephrotic syndrome; primary sclerosing cholangitis; puralent or nonpuralent sinusitis; acute
or chronie sinusitis; cthmoid, frontal, maxillary, or sphenoid sinusitis; an eosinophil-related
disorder such as cosinophilia, pulmonary mfiliration eosinoplulia, cosinophilia-myalgia
syndrome, Loffler's svadrome, chronic eosinophilic pneumonia, tropical pulmonary
eosinophilia, bronchopneumonic aspergiliosis, aspergilloma, or gramulomas containing
cosinophils; anaphylaxis; seronegative spondvioarthritides; polyendocrine autommmune
disease; sclerosing cholangitis; chronic mucocutaneous candidiasis; Bruton's syndrome;
transtent hypogammaglobualinemia of infancy; Wiskott-Aldrich syndrome; ataxia
telangiectasia syndrome, angiectasis; autoimmune disorders associated with collagen disease,
rheumatism, neurclogical disease, lymphadenitis, reduction in blood pressure response,
vascular dysfunction, tissue injury, cardiovascular ischemia, hyperalgesia, renal 1schemia,
cercbral ischemia, and disease accompanying vascularization; allergic hypersensitivity
disorders; glomerulonephritides; reperfusion injury; ischemic reperfusion disorder;
repertusion wjury of myocardial or other tissues; lymphomatous tracheobronchitis;
mflammatory dermatoses; dermatoses with acute inflammatory components; multiple organ
failure; bullous diseases; renal cortical necrosis; acute puriient meningitis or other contral
nervous system inflanumatory disorders; ocular and orbital inflanvmatory disorders;
granulocvie transfusion-associated syndromes; cvtokine~-induced toxicity; narcolepsy; acute
serious inflammation; chronic intractable inflammation; pvelitis; endarterial hyperplasia;
peptic ulcer; valvulitis; and endometriosis. In particular erabodiments, the autoimmune

disorder in the subject can nclude one or more of systemic lupus erythematosus (SLE},
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hupus nephritis, chronic graft versus host disease (¢GYHD), rheumatoid arthritis (RA),
Sjogren’s syndrome, vitiligo, inflammatory bowed discase, and Crohn’s Discase. In
particelar embodiments, the antoimmune disorder is systemie lupus ervthematosas (SLE). In
particular embodiments, the autoiouwaune disorder is theumatoid artheitis.

{30317} Exemplary metabolic disorders include, for example, diabetes, insulin resistance,
fysosomal storage disorders (e.g,, Gauchers disease, Krabbe discase, Niemann Pick discase
types A and B, multiple sclerosis, Fabry’s disease, Tay Sachs disease, and Sandhotf Variant
A, B}, obesity, cardiovascular disease, and dvslipidemia. Other excroplary metabolic
disorders include, for example, 17-alpha-hvdroxylase deficiency, [7-beta hydroxysteroid
dehvdrogenase 3 deficiency, 18 hydroxvylase deficiency, 2-hvdroxyglutaric aciduria, 2-
methyibutyrvi-CoA dehydrogenase deficiency, 3-alpha hydroxvacvl-CoA dehvdrogenase
deficiency, 3-hydroxyisobutyric aciduna, 3-methylerotonvi-CoA carboxylase deficiency, 3-
methylglutaconyl-CoA hydratase deficiency (AUH defect), S-oxoprolinase deficiency, 6-
pyvrovoyi-tetrabydropterio synthase deficiency, abdominal cbesity metabolic syndrome,
abetalipoproteinemia, acatalasemia, aceruloplasminemia, acetyl CoA acctyhiransferase 2
deficiency, acetyl-carnitine deficiency, acrodermatitis enteropathica, adenine
phosphoribosyliransferase deficiency, adenosine deaminase deficiency, adenosine
monophosphate deaminase 1 deficiency, adenylosuccinase deficiency,
adrenomyveloneuropathy, adult polvglucosan body disease, albinism deafness syndrome,
alkaptonuria, Alpers syndrome, alpha-1 antitrypsin deficiency, alpha-ketoglutarate
dehydrogenase deficiency, alpha-mannosidosis, amincacylase | deficiency, anemia
sideroblastic and spinocerehellar ataxia, arginase deficiency, argiinosuccinic aciduria,
aromatic L-amino acid decarboxyviase deficiency, arthrogryposis renal dvsfunction cholestasis
syadrome, Arts syndrome, aspartylglveosaminuria, atvpical Gaucher discase due to saposin C
deficiency, autcimmune polyglandular syndrome type 2, autosomal dominant optic atrophy
and cataract, autosomal crythropoictic protoporphvria, autosomal recessive spastic ataxia 4,
Barth syndrome, Bartter syndrome, Bartter syndrome antenatal type 1, Bartter syndrome
antenatal type 2, Bartter syndrome type 3, Bartter syndrome type 4, Beta ketothiolase
deficiency, biotinidase deficiency, Bjomstad syndrome, carbamov! phosphate svnthetase |
deficiency, camitine palmitoyl transferase 1A deficiency, camitine-acylcamiting translocase
deficiency, camosinemia, central diabetes insipidus, cerebral folate deficiency,
cerchrotendinous xanthomatosis, ceroid lipofuscinosis neuronal 1, Chanarin-Dorfiman

syndrome, Chediak-Higashi syndrome, childhood hypophosphatasia, cholesteryl ester storage
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disease, chondrocalcinosise, chylomicron retention discase, citrulline transport defect,
congemtal bile acid synthesis defect, type 2, Crigler Najjar syndrome, cytochrome ¢ oxidase
deficiency, D-2-hvdroxyglutaric aciduria, D-bifunctional protein deficiency, D-
glveericacidernia, Danon discase, dicarboxylic aminoaciduria, dibydroptenidine reductase
deficiency, dihvdropynmidinase deficiency, diabetes msipidus, dopamine beta hvdroxylase
deficiency, Dowling-Degos discase, erythropoietic uroporphyria associated with myeloid
malignancy, Familial chylomicronemia syndrome, Familial HDL deficiency. Familial
hypocalcmiric bypercalcenua tyvpe 1, Familial hypocalciuric hypercalcemia type 2, Famiial
hypoealciuric hyvpercaleemia type 3, Familial LCAT deficiency, Familial partial
hpodystrophy type 2, Fancont Bickel syndrome, Farber discase, fructose-1,6-bisphosphatase
deficiency, gamma-cystathionase deficiency, Gaucher disease, Gilbert syndrome, Gitelman
syndrome, glucose transporter type | deficiency syndrome, glutamine deficiency, congenital,
Glutaric acidemia. ghitathione synthetase deficiency, glyeine Nemethyliransferase deficiency,
Glycogen storage discase hepatic lipase deficiency, homoeysteinemuia, Hurler syadrome,
hyperglycerolenua, Imerslund-Grasbeck syndrome, tninoglyetnuria, infantile neuroaxonal
dystrophy, Keams-Savre syndrome, Krabbe discase, lactate dehvdrogenase deficiency, Lesch
Nyhan syndrome, Menkes disease, methionine adenosyltransferase deficiency, mitochondrial
complex deficiency, muscular phosphorviase kinase deficiency, nowronal ceroid
lipofuscinosis, Niemann-Pick disease type A, Niemann-Pick disease type B, Niemann-Pick
disease type Cl, Niemann-Pick disease type 2, ornithine transcarbamyvlase deficiency,
Pearson syndrome, Perrault syndrome, phosphoribosylpyrophosphate synthetase
superactivity, primary camitine deficiency, hyperoxalturnia, purine nucleoside phosphoryiase
deficiency, pyruvate carboxylase deficiency, pyruvate dehvdrogenase complex deficiency,
pyruvate dehydrogenase phosphatase deficiency, yruvate kinase deficiency, Refsum disease,
diabetes mellitus, Scheie syndrome, Sengers syndrome, Sialidosis Sjogren-Larsson
syudrome, Tay-Sachs discase, transcobalamsin | deficiency, trehalase deficicney, Walker-
Warburg svndrome, Wilson disease, Wolfram syndrome, and Wolman discase.

{03318] In some embodiments, the methods described herein may be informative for treating
an jndividual with an intervention. For example, in some embodiments, a health condition in
an individual may be detected as contemplated herein, and an intervention may be provided
to the individiual to treat the health condition. An mdividual may be treated using any
micrvention known to those of ordinary skil inr the art. Non-limiting examples of

nterventions include surgery {e.g., excising diseased or pre-discase tissue from an
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mdividual), chemotherapy, gene therapy, gene editing, radiation therapy, or a lifestyle

intervention {¢.g., change in behavior or habits).
Computer Implementation

{80319} The methods of the mvention, nclading the methods of performing a muldtiple-tiered
analysis {¢.g., screening and/or intra-individual analysis) to identify presence or absence of a
health condition in a patient, are, in some crabodiments, performed on one or more
computers. In particular embodiments, the steps of performing a screen {e.g., screen 123
shown in FIG. FA), performing an intra-individeal analysis (e.g., intra-individaal analysis
128 show i FIG. 1A), and performing a second analysis {(¢.g.. second analysis 130 shown in
FIG. 1A} are performed on one or more computers. The steps of performing an assay {e.g.,
assay 120A and/or assay 120B shown in FIG. 1A) are not performed on one or more
Computers.

{00326} In various embodiments, the performance of the scroen, the intra-individual analysis,
and/or the second analysis can be moplemented 1 hardware or software, or a combination of
both. In one embodiment of the invention, a machine-rcadable storage medium s provided,
the medium comprising a data storage material encoded with machine readable data which,
when using a machine progranmuned with imstructions for using said data, is capable of
displaymng data {¢.g., methylation data) and results of the screen, intra-individual analysis,
and/or second analysis {¢.g., indication of risk or presence of the health condition 1n the
mdividual). Such data can be used for a varniety of purposes, such as patient eligibility for
enrollment in a clinical trial, patient monitoring, treatment cousiderations, and the ike. The
mvention can be implemented in computer programs executing on programmable computers,
comprising a processor, a data storage system (including volatile and non-volatile memory
and/or storage clements), a graphics adapter, a pointing device, a network adapter, at least
one mput device, and at least one output device. A display is coupled to the graphics adapter.
Program code 18 applied to input data to perform the functions desenibed above and gencrate
output information. The output information is applied to one or more cutput devices, in
known fashion. The computer can be, for example, a personal computer, microcompuier, or
workstation of conventional design.

168321} Each program can be implemented in a high lovel procedural or object oriented
programmoiing language to cornmunicate with a computer system. However, the programs can
be implemented in assembly or machine language, if desired. In anv case, the language can

be a compiled or interpreted language. Each such computer program is preferably stored ona
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storage maedia or device {¢.g., ROM or maguetic diskette) readable by a general or special
purpose programmable computer, for configuring and operating the computer when the
storage media or device s read by the computer to perform the procedures described herein.
The system can also be considered to be implemenied as a computer-readable storage
medium, configured with a computer program, where the storage medinm so configured
causes a computer to operate in a specific and predefined manner to perform the functions
described herein.

{00322} The signature patiems and databases thereof can be provided in a variety of media to
facilitate their use. “Media” refers fo a manufacture that contains the signature pattern
mformation of the present mvention. The databases of the present invention can be recorded
on computer readable media, e g anv mediwm that can be read and accessed directly by a
computer. Such media include, but are not limited to: magnetic storage media, such as floppy
discs, hard disc storage medium, and magnetic tape; optical storage media such as CD-ROM;
glectrical storage media such as RAM and ROM; and hybrids of these categories such as
magnetic/optical storage media. One of skill in the art can readily appreciate how any of the
presently known computer readable mediums can be used to create a manufacture comprising
arecording of the present database mformation. “Recorded” refers to a process for storing
mformation on computer readable medium, using any such methods as known in the art. Aay
convenient data storage structure can be chosen, based on the means used to access the stored
mformation. A varety of data processor programs and formats can be used for storage, e. g
word processing text file, database format, etc.

{60323} In some embodiments, the methods of the invention, including methods of
performing a multiple-tiered analysis to identify presence of a health condition n a patient,
are performed on one or more computers in a distributed computing system environment
{c.g., in a cloud computing environment}. In this description, “cloud computing” is defined
as a model for cnabling on-demand network access to a shared set of configurable corputing
resources. Cloud computing can be emploved to offer on-demand aceess to the shared set of
configurable computing resources. The shared set of configurable computing resources can
be rapidly provisioned via virtualization and released with low management effort or service
provider interaction, and then scaled accordingly. A cloud-computing model can be
composed of various characteristics such as, for example, on-demand self-service, broad
network access, resource pooling, rapid elasticity, measured service, and so forth. A cloud-

computing model can also expose various service models, such as, for example, Softwarc asa
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Service ("SaaS”™), Platform as a Service (“Paa8”), and Infrastructure as a Service (TaaS8”). A
cloud-computing model can also be deployed using different deplovment models such as
private cloud, community cloud, public cloud, hybrid cloud, and so forth. In this description
and in the claims, a “cloud-computing environment” is an environment in which cloud
computing 1s employed.

fxample Computer
{00324} FIG. 5 illustrates an example computer for implementing the entities shown in FIGs.

1A-1E, 2A-2C, and 3A-3C. In particular embodiments, the example computer 500 can
represent computational system 202 described in FIG. 2A. The computer 500 meludes at
least one processor 502 coupled to a chipset 504, The chupset S04 includes a memory
controfler hub 520 and an mput/output (1/0} controlier hub 422, A memory 506 and a
graphics adapter 512 are coupled to the memory controller hub 520, and a display 518 18
coupled to the graphics adapter 5312, A storage device 508, an input deviee 514, and network
adapter 516 are coupled to the VO controller hub 522, Other embodiments of the computer
500 have different architectures.

{80325} The storage device 508 is a non-transitory computer-readable storage medium such
as a hard drive, compact disk read-only memory {CD-ROM), DVD, or a sohid-state memory
device. The memory 506 holds instructions and data used by the processor 302, The input
mierface 514 13 a touch-screen interface, a mouse, track ball, or other type of pointing device,
a keyboard, or some combination thereof, and is used to mput data into the computer 500, In
some cmbodiments, the computer 500 may be configurad to receive mput {¢.g., commands)
from the input interface 514 via gestures from the user. The graphics adapter 512 displays
images and other nformation on the display 518, The network adapter 516 couples the
computer 500 to one or more computer networks.

{00326} The computer S00 13 adapted to execute computer program modules for providing
functionality described berein. As used herein, the term “module” refers to computer
program logic used to provide the specified functionahity. Thus, a module can be
mmplemented in hardware, firmware, and/or software. In one embodiment, program modules
are stored on the storage device 508, loaded into the memaory 506, and executed by the
processor 302, A module can be implemented as computer program code processed by the
processing system(s} of one or more computers. Computer program code includes computer-
executable instructions and/or computer-interpreted instractions, such as program madules,
which instructions are processed by a processing system of a computer. Generally, such

mstructions define routines, programs, objects, components, data structures, and so on, that,
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when processed by a processing sysicm, mstruct the processing sysiers to perform operations
on data or configure the processor or computer to implement various components or data
structures in compater storage. A data structure is defined in a computer program and
specifies how data is organized in computer storage, such as in a memory device or a storage
device, so that the data can accessed, manipulated, and stored by a processing system of a
computer.

{06327} The types of computers 500 used by the entities of FIG. 1E can vary depending upon
the erabodiment and the processing power required by the entity. For example, the condition
analysis system 170 can run 1n a single computer 500 or multiple computers 500
communicating with each other through a network such as in a server farm. The compuiers
500 can lack some of the components described above, such as graphics adapters 512, and

displays S18.

Kit Implementation

{30328} Also disclosed heren are kits for performing a maltiple-ticred analysis {e.g.,
screening and/or intra-mdividual analvsis). Such kits can include equipment to draw a
sampie fron a patient. For example, kits can melude syringes and/or needles for obtaining a
sample from a patient. Kits can include detection reagents for determining marker
mformation using the sample obtained from the patient.

{00329 For example, detection reagents can include antibody reagents for performing a
protoin immunoassay. As ancther example, detection reagents can be a sct of primers that,
when combined with the sample, allows detection of a pharality of sites in cell-free BNA in
the sample. In particular embodiments, the detection reagents enable detection of methylated
or unmethviated target sites (¢.g., methylated or unmethylated mformative CpGs including
ong or more {Gls selected from Tables 1-4, or one or more Cp(s within af least a portion of
aregion i Tables 1-4). Additional example CGIs are disclosed 10 WO2018209361 {see
Table 1) and WG2022133315 {sce Table 2 entitled “TO0 Methylation Sites” and Table 3
entitied “Pan Cancer Methvlation Sites™), cach of which is hereby incorporated by refercnce
m s entivety. For example, the detection reagents may be primers that target specific known
sequences of target sites, thereby enabling nucleic acid amplification of the target sites.
Thus, the use of the detection reagents results m generation of methylation mformation of the

patient corresponding to the target sifes.
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{00338} A kit can mclude structions for use of one or more seis of detection reagents. For
exarmple, a kit can mchude nstructions for performing at least one detection assay such as a
nucleic acid amplification assay (e.g., polymerase chain reaction assay including any of real-
time PCR assays, quantitative real-tune PCR (qPCR) assays, allcle-specific PCR assayvs, and
reverse-transeription PCR assays), nucleic acid sequencing {e.g., targeted gene sequencing,
targeted amplicon sequencing, whole genome sequencing, or wheole genome bisulfite
sequencing), hybrid capture, an immunoassay, a protein-binding assay, an antibody-based
assay, an antigen-binding protein-based assay, a protein-based array, an enzyme-linked
mmmunosorbent assay (ELISA), reporter assays, flow cviometry, a protein arrav, a blot, a
Western blot, nephelometry, turbidimetry, chromatography, NMR, mass spectrometry, LC-
MS, UPLC-MS/MS, enzvmatic activity, proxunity extension assay, and an immunoassay
selected from RIA, immunofluorescence, munuumochemiluminescence,
mmuncelectrochemibaminescence, mmunoclectrophoretic, a competitive Immunoassay,
and mmmunoprecipitation.

{00331} Kits can further include 1nstructions for accessing computer program mnstructions
stored on a computer storage medium. In various embodiments, the computer program
mstractions, when executed by a processor of a compuier system, cause the processor {0
perform a screen and/or perform a second analysis to detect presence of a health condition in
apatient. For example, kits can include mstructions that, when excented by a processor of a
computer system, cause the processor to perform an analysis of sequence mformation
comprising data of the plurality of sites to identify whether the patient is not at risk of having
a health condition; and then if the paticot has not been identified as not at risk and asalyze
sequence nformation of the patient not identified as not at risk derived from whole genome
sequencing (o detect the presence of the health condition in the patient.

{00332} In various embodiments, the kits include nstructions for practicing the methods
disclosed hercin {¢.g., performing an assay, screen, ot diagnostic assay}. These mnstructions
can be present m the kits in a varniety of forms, one or more of which can be present in the kit.
One form in which these instructions can be present is as printed information on a suitable
medium or substrate, e.g., a ptece or picces of paper on which the information s printed, in
the packagmg of the kit, in a package nsert, efc. Yet another means would be a computer
readable mediom, e g., diskette, UD, hard-drive, network data storage, efc., on which the

mformation has been recorded. Yet another means that can be present is a website address
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which can be used via the iternet to access the mformation at a removed site. Any
conventent means can be present in the kits.

Systems
{68333} Further disclosed herein are systems for performing a multiple-tiered analysis {e.g.,
screening and/or wtra-individual analysis}.  In various embodiments, such a systen can
nchude one or more sets of detection reagents for deternuning genomic information using a
sample obtained from the patient, an apparatus configured to receive a mixture of the one or
more scts of detection reagents and the sample obtained from a subject to generate marker
wmformation {an example of which is methylation information} of the patient corresponding o
a plurality of target sttes, and a computer system communicatively coupled to the apparatus
to obtain the methvlation information and to perform a screen, mtra-individual analvsis,
and/or second analysis.
{30334} The one or more sets of detection reagents enable the determination of marker
mformation using the sarmple obtained from the patient. For example, detection reagents can
mclude antibody reagents for performing a profein immunocassay. For example, detection
reagents can be a set of primers that, when combined with the sample, allows detection of a
plurality of sites in celi-free DNA 1n the sample. In particular cmbodiments, the detection
reagents enable detection of methylated or methylated target sites {¢.g., methylated or
smmethylated informative CpGs inchiding one or more CGT's selected from Tables 1-4 or
one or more CpGs within at least a portion of a region m Tables 1-4). Additional example
CGls are disclosed in WO2018209361 (see Table 1) and WO2022133315 (sec Table 2
entitied “TOO Methylation Sites” and Table 3 entitled “Pan Cancer Methylation Sites™), each
of which is hereby incorporated by reference in its entirety.
{00338} The apparatus is configured to determine the methylation information from a
mixture of the detection reagents and sample. For example, the apparatus can be configured
to perform one or more of a nucleic acid amplification assay {¢.g.. polymerase chain reaction
assay), nucleic acid sequencing {¢.g., targeted gene sequencing, whole genome sequencing,
or whole genome bisulfite sequencing), and hybrid capture to determine methylation
wformation.
108336} The muxture of the detection reagents and sample may be prosented to the apparatus
through various conduits, examples of which include wells of a well plate (e.g., 96 well
plate), a vial, a tube, and integrated fluidic circuits. As such, the apparatus may have an

opening {e.g., a slot, a cavity, an opening, a sliding tray} that can receive the container
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mchuding the reagent test sample mixture and perform a reading. Examples of an apparatus
nchude one or more of a sequencer, an meubator, plate reader {e.g., a luminescent plate
reader, absorbance plate reader, fluorescence plate reader), a spectrometer, or a
spectrophotometer.

{30337} The computer system, such as example computer SO0 desentbed in FIG. 3,
commuumcates with the apparatus o receive the methylation wnformation. The computer
system performs an #n sifico screen and/or second analysis determine whether the patient is at

risk of a health condition, or whether the health condition is present i the patient.

ADDITIONAL EMBODIMENTS

{00338} Disclosed herein is a ticred, multipart method for detecting one or more carly stage
cancers in a subject, comprising: performing an analysis of sequence information of the
subject that has been obtained from a biological sample of the subject to identify whether the
subject is not at risk of having one or more of the carly stage cancers; and then if the patient
has not been wdentified as not at risk: analvzing sequence information of the subject not
wdentified as not at risk by performing a second analveis to detect the presence of at least one
specific cancer in the subject. In various embodiments, the one or more of the carly stage
cancers is fificen or more different cancers. fo various embodiments, the one or more of the
carly stage or prechinical phase cancers is a set of acute lymphoblastic levkemia, acute
myveloid leukemia, adrenocortical carcinoma, soft tissue sarcoma, lymphoma, anal cancer,
gastroiniestinal cancer, brain cancer, skin cancer, bile duct cancer, bladder cancer, bone
cancer, breast cancer, lung cancer, cardiac cancer, central nervous system cancer, cervical
cancer, chronic lvmphoceytic leakemia, chronic myelogenous leukemia, chronic
myveloproliferative neoplasms, colorectal cancer, uterine cancer, esophageal cancer, head and
neck cancer, eve cancer, fallopian tube cancer, gallbladder cancer, gastric cancer, germ cell
tumor, gestational trophoblastic cancer, hairy cell leukemia, liver cancer, Hodgkn
vmphoma, intraocular melanoma, pancreatic cancer, kidney cancer, leukemia, mesothelioma,
metastatic cancer, mouth cancer, mubtiple endocrine neoplasia syndromes, multiple myeloma
neoplasms, myelodysplastic neoplasms, ovarian cancer, parathyroid cancer, penile cancer,
pheochromocytoma, pifuitary cancer, plasma cell neoplasm, primary peritoneal cancer,
prostate cancer, rectal cancer, retinoblastoma, sarcoma, small infestine cancer, testicular
cancer, throat cancer, thymoma and thymic carcinoma, thyroid cancer, urethral cancer,

ulerine cancer, vaginal cancer, and vulvar cancer,
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{00339} In various emboduments, the one or more of the carly stage or prechinical phase
cancer 1§ a single cancer type. In various embodiments, the single cancer type is any one of
acute lymphoblastic leukemia, acute myeloid leukemia, adrenocortical carcinoma, soft tissue
sarcoma, lvmphoma, anal cancer, gastrointestinal cancer, brain cancer, skin cancer, bile duct
cancer, bladder cancer, bone cancer, breast cancer, lung cancer, cardiac cancer, central
nervous system cancer, cervical cancer, chronic lymphoeytic leukemia, chronic myelogenous
feukenua, chronic myeloproliferative neoplasmas, colorectal cancer, uterine cancer,
csophageal cancer, head and neck cancer, ove cancer, fallopian tube cancer, gallbladder
cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, hairy cell feukermia,
hiver cancer, Hodgkin lymphoma, intraocular melanoma, pancreatic cancer, kidney cancer,
leukemia, mesothelioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia
syndromes, multiple mycloma neoplasms, myelodvsplastic neoplasms, ovarian cancer,
parathyroid cancer, penile cancer, pheochromocyvtoma, pituttary cancer, plasma cell
neoplasm, primary peritoncal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma,
small intestine cancer, testicular cancer, throat cancer, thymoma and thymic carcinoma,
thyroid cancer, urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

{80348} In various embodiments, the carly stage cancer is a preclinical phase cancer. In
various emrbodiments, the preclinical phase cancer 1s stage I or stage I cancer. In various
embodiments, the method has more than a 70% ability to detect the at least one of multiple
carly stage cancers. In various embodiments, the method has more than a 70% ability to
detect the at least one of multiple early stage cancers at more than 93%, more than 96%. more
than 97%, more than 98%, more than 99%, more than 99.5%, or mare than 99.9% specificity.
In varous embodiments, the method achieves at least a 80%, at least a 81%, at least 1 82%, at
least a 83%, at least a 834%, or at least a 85% positive predictive value when detecting the at
least one of multiple early stage cancers. In varicus embodiments, the method achieves at
least a 3%, at lcast a 96%, at lcast a 97%, at lcast a 98%, at least a 99%, at least a2 99.3%, or
at least a 99 4% negative predictive value when detecting the at least one of multiple carly
stage cancers.

{00341} In various embodiments, perfornung the analysis of the sequence mformation of the
subject to identify whether the subject 1s not at risk has at least a 90%, at least a 95%, or at
least a 99% negative predictive value. In various embodiments, the analyzing sequence
mformation of the subject to identity whether the subject has a detectable cancer or precancer

has at least a 80%, at least a 81%, at feast a 82%, at least a 83%, at least a 84%, orat least a
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85% positive predictive value. In various embodiments, the analyzing sequence information
of the subject to identify whether the subject has a detectable cancer or precancer has at least
a 90%, at least a 91%, at least a 92%, at least a 93%, at least a 94%, at least a 95%, at least a
96%, or at least a 97% negative predictive value.

{30342} In various embodiments, the sequence mformation comprises methvlation sequence
wformation. In various embodiments, the methyiation sequence information comprises
methylation statuses for a plurality of genomic sites. In various embodiments, the plarality of
genomic sites comprise a plurality of CpG sites. In various embodiments, perforning an
analysis of sequence information of the subject comprises applyving a trained machine
learming model. In various embodiments, the sequence information is obtained from an assay,
wherein the assay comprises performing one or more of’ a. sequencing of nucleic acids in the
sampile; b. hybrid capture; ¢. methvlation-specific PCR; d. an assayv that gencrates
methylation information: and ¢. sequencing a clone library generated from a template
immortalized library.

{00343} In various embodiments, perforning the assay that generates sequence information
comprises: obtaining bisulfite converted ccll free DNA (¢fDNA}); selectively amplifying
target regions of the bisulfite converted cfDNA; and sequencing amplicons comprising the
amplified target regions to gencrate the methylation information. o various embodiments,
the target regions of the bisulfite converted ¢fDNA comprise previously wdentified regions
that are differentially methylated in cancer. In various embodiments, the target regions of the
bisulfite converted ¢fDNA comprise one or more {Gls shown in Tables -4 {or one or more
CpGs within at feast a portion of a region in Tables 1-4). Additional example CGls are
disclosed 1n WO2018209361 {(see Table 1} and WO2022133315 (see Table 2 entitled “TOO
Methvylation Sites” and Table 3 entitled “Pan Cancer Methylation Sites™), each of which is
hereby meorporated by reference in s entirety. In various embodiments, the biological
sample is obtained from the subject while the subject is asymptomatic. In various
embodiments, the biological sample comprises any one of: a blood sample, a stool sample, a
uring samaple, a mucous sample, a saliva sample.

{00344} In various embodiments, the biological sampie is a blood sample. Tn various
embodiments, the biological sample does not comprise an invasive biopsy sample. In various
cmbodiments, the assay performed on the biological sample processes one or more of:

nucleic acids; cell free DNA including selected CpGs with a selected methylation state; and
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RNA. In various crobodiments, the sccond analysis comprises whole gonome sequencing,
optionally whole genome bisulfite sequencing.

{80345} In various embodiments, methods disclosed herein further comprise determining a
tissue of origin of the at least one specific cancer n the subject using the sequence
mformation of the subject. In varicus embodiments, methods disclosed herein further
comprise: performing an analysis of additional sequence information of the subject that has
been obtamned from an additional biological sample of the subject obtained subsequenttoa
timepoint that the biological sample was obtained; determining one or more changes between
the additional sequence mformation of the subject and the sequence information; and
determining a progression of the at least one specific cancer in the subject based on the
determined one or more changes. In various crubodiments, mothods disclosed heroin further
comprise: determining whether to provide an intervention to the subject based on the
determined progression of the at least one specific cancer. In various embodiments,
determining one or more changes between the additional sequence information of the subject
and the sequence information comprises determining changes one or more changes in
methylation status across a plurality of genomic sites.

{80346} Additionally disclosed herein is 8 tered, multipart method for detecting a health
condition in a subject, comprising: performing an analysis of sequence information of the
subject that has been obtained from a biological sample of the subject to identify whether the
subject is not at risk of having the health condition; and then if the patient has not been
identified as not at risk: analyzing sequence mformation of the subject not identified as not at
risk by performing a second analysis to detect the presence of the health condition in the
subject. Additionally disclosed herein is a tiered, multipart method for detecting a health
condition in a subject, comprising: performing an analysis of marker information of the
subject that has been obtained from a biological sample of the subject to identify whether the
subject is not at risk of having the health condition; and then if the pationt has not been
wdentified as not at risk: analyzing sequence mformation of the subject not identified as not at
risk by performing a second analysis to detect the presence of the health condition in the
subject. In various embodiments, marker information comprises quantitative levels of protein
biomarkers.

{80347} Additionally disclosed herein is a tiered, nnultipart method for improving the
probability a signal in a sample is authentic, comprising: {(a) performing an analbysis of

sequence mformation of nucleic acids n the sample to determine whether the analysis
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generates a result correlative with presence or absence of a human condition, and then ifthe
result is detected: (b} analvazing the sequence information of the nucleic acids in the sample
by perfornung second analysis to determine if the second analysis generates the signal,
wherein if the signal is detected, then the probability the signal in the sample is authentic 15
higher as compared to a probability that a signal is authentic when generated by an analogous
method, where the analogous method differs by omitting step (3). In various embodiments,
the steps performed by the processor achieves at least a 20% positive predictive value when
detecting the health condition. In various embodiments, the steps performed by the processor
achieves at least a 409 positive predictive value when detecting the health condition. In
various embodiments, the steps performed by the processor achieves at least a 60% positive
predictive value when detecting the health condition. In various embodiments, the method
achieves at least a 80%, at least a 81%, at least a 82%, at least a 83%, at least a 84%, or at
least a 85% positive predictive value when detecting the health condition. In various
embodiments, the health condition is a discase risk. In various embodiments, the health
condition 18 a rare disease or disorder. In various embodiments, the health condifion has an
ncidence of 11 160, 1 wn L1000, 1 in 10,000 individuals, 1 in 100,000 individuals, 1 in
1,000,000 individuals, 1 in 10,000,000 individeals, or 1 in 100,000,000 individuals.

{00348 Additionally disclosed herein is a method for diagnosing a subjoct with at least one
of multiple carly stage cancers, the method comprising: obtaining sequence information
derived from a first assay performed on a sample obtained from the subject; performing a
screen by analyzing the sequence information to classify the saubject as at risk for one or more
moultiple carly stage cancers or not at risk for ove or more multiple cady stage cancers;
responsive 1o a classification of the subject as at risk for one or more multiple carly stage
cancers, obtaining sequence information derived from a second assay performed on the
sample or an additional sample obtained from the subject to generate the sequence
mformation dertived from the sccond assay; and pertorming a second analysis of the sequence
mformation derived from the second assay for the subject to further classify the subject at
risk for one or more multipie carly stage cancers as a candidate subject for monitoring or
treatment. Additionally disclosed herein is a method for diagnosing a subject at sk for at
least one of multiple early stage cancers, the method comprising: obiaining sequence
information derived from a first assay performed on a sample obtained from the subject:
performing a screen by analyzing the sequence information to classify the subject as at nisk

for one or more multiple early stage cancers or not at risk for one or more multiple early stage
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cancers; if the subject 1s classified as not at risk for one or more multiple carly stage cancers,
reporting that the subject is not at risk for one or more multiple early stage cancers; ifthe
subject is classified as at risk for one or more maltiple early stage cancers: obtaining
sequence mformation denved from a second assay performed on the sample or an additional
sample obtamed from the subject to generate the sequence information derived from the
second assay; and performing a second analysis of the sequence information dertved from the
second assay for the subject to further classify the subject at risk for the one or more multiple
carly stage cancers as a candidate subject for monitoring.

{80349} Additionally disclosed herein is 3 method for identifying a candidate population of
subjects having an early stage cancer for envollment in a clinical trial, the method comprising:
for cach of onc or more subjects in a plurality of subjects: obtaining sequence information
derived from a first assay performed on a sample obtained from the subject; performung a
screen by analyzing the sequence information to classify the subject as at risk for one or more
multiple carly stage cancers or not at risk for one or more multiple carly stage cancers;
respounsive 1o a classification of the subject as at risk for one of multiple carly stage cancers,
obtaining sequence information derived from a second assay performed on the sample or an
additional sample obtained from the subject to generate the sequence mformation derived
from the second assay; and performing a seccond analysis of the sequence information derived
from the second assay for the subject to further classify the subject at risk for one or more
multiple carly stage cancers as a candidate subject for inclusion in the candidate population.
{0350} In various embodiments, the sequence information derived from the first assay
comprises mothylation sequence mformation. o vanious embodiments, the octhylation
sequence mformation derived from the first assay comprises methylation statuses for a
plurality of genomic sites. In varioas embodiments, the plurality of genomic sites comprise a
plurality of CpG sites. In various embodiments, performing a screen by analyzing the
obtamned sequence mformation derived from the first assay comprises applying a first trained
machine learning model. In varicus embodiments, the sequence mformation derived from the
second assay comprises methylation sequence information. fn various embodiments, the
methylation sequence information from the second assay comprises methylation statuses for a
plurality of genomice sites identified as relevant for the subject. In various embodiments, the
plurality of genomuc sites comprise a plurality of CpG sites. In various embodiments,
performing a second analysis of the obtained sequence information derived from the second

assay comprises applying a sccond trained machine learning model. In various erbodiments,

134



WO 2023/147567 PCT/US2023/061606

obtaining sequence information derived from the first assay comprises: performing or having
performed the first assay to generate the sequence nformation derived from the first assay. In
various embodiments, performing or having performed the first assay comprises performing
or having performed one or more of: a. sequencing of nucleic acids in the sample; b, hybrid
capture; ¢. methylation-specific PCR; d. an assay that generates methylation mformation; and
. sequencing a clone library generated from a template immortalized library.

{06351} In various embodiments, performing the assay that generates sequence information
comprises: obtaining bisulfite converted cell free DNA (efDNA); selectively amplifving
target regions of the bisulfite converted ofDNA; and sequencing amplicons comprising the
amplified target regions to gencrate the methylation information. In various embodiments, the
target regions of the bisulfite converted ¢fDNA comprise previously identified regions that
are differentially methylated in cancer. In various embodiments, the target regions of the
bisulfite converted ¢fDNA comprise one or more CGls shown in Tables 1-4 {or one or more
CpGs within at feast a portion of a region 1n Tables 1-4)). Additional example CGls are
disclosed in WO2018209361 (see Table 1) or WO2022133315 (sec Table 2 entitled “TOO
Mothvlation Sites” and Table 3 entitled “Pan Cancer Methylation Sites™), each of whuch is
hereby mcorporated by reference in its entirety. In various embodiments, the sample or
additional sample is obtained from the subject while the subject is asymptomatic. In various
embodiments, the sample or additional sample comprises any one of: a blood sample, a stool
sample, a urine sample, a mucous sample, a saliva sample. In various embodiments, the
sampie or the additional sample are blood samples. In various embodiments, the first assay
petformed on the sample ot the second assay performed on the sample or the additional
sample processes one or more of: nucleic acids; ecll free DNA including selected CpGs with
a selected methylation state; and RNA.

003521 In various embodiments, a cost of the second assay is greater than a cost of the first
assay. In various embodiments, the second assay comprises whole genome sequencing. In
various embodiments, the whole genome sequencing comprises whole genome bisulfite
sequencing. o various embodiments, the second analysis achicves a higher sensitivity at a
higher specificity in comparison to the screen. In vanous embodiments, methods disclosed
herein further comprise determining a tissue of origin of the at least one specific cancer in the
subject using the sequence information of the subject. In various embodiments, methods
disclosed hercin further comprise: performing an analysis of additional sequence mformation

of the subject that has been obtained from an additional hiological sample of the subject
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obtained subseguent to a tunepoint that the biological sample was obtained; deterraining one
or more changes between the additional sequence information of the subject and the sequence
mformation; and determining a progression of the at least one specific cancer in the subject
based on the determined one or more changes. Tn various embodunents, methods disclosed
herein further comprise: determining whether to provide an intervention to the subject based
on the determined progression of the at least one specific cancer.

{00353} In various embodiments, determining one or wore changes between the additional
sequence information of the subject and the sequence mformation comprises determining
changes one or more changes 1n methylation status across a plurality of genomic sites. In
various embodiments, methods disclosed herein further comprise: for each of one or more
other subjects in the plurality of subjects: obtaining sequence information derived from a first
assay performed on a sample obtained from the subject; performing a screen by analyvzing the
sequence mnformation to classify the subject as at risk for one or more mudtiple early stage
cancers or nnot at risk for one or more multiple carly stage cancers; and responsive to a
classification of the subject as not at risk for one or more multiple carly stage cancers,
reporting that the subject 1s not at risk for one or more multiple early stage cancers and
withholding the subject from the candidate population. In various embodiments, methods
disclosed hercin further comprise: obtaining sequence information derived from a third assay
performed on a yet additional sample obtained from the subject; and performing a second
analysis of sequence information derived from the third assay for the subject to further
classify the subject.

{00354} In various cmboduments, the obtained sequence information derived from the third
assay comprises methylation sequence nformation. In various embodiments, the methvlation
sequence mformation comprises methylation statases for a plurality of individually
mformative sites for the subject. In various embodiments, the yet additional sample is
obtained at a difforent time than a time that cither the sample or additional sample were
obtained. In vanous embodiments, the one or more multiple cardy stage cancers 1s fifteen or
more different cancers. In various embodiments, the one or more multiple early stage cancers
is a set of acute lymphoblastic leukemia, acute myeloid leukenua, adrenocortical carcinoma,
soft tissue sarcoma, lymphoma, anal cancer, gastrointestinal cancer, brain cancer, skin cancer,
bile duct cancer, bladder cancer, bone cancer, breast cancer, lung cancer, cardiac cancer,
central nervous system cancer, cervical cancer, chronic lymphocytic leukemia, chronic

myelogenous leukemia, chronic myeloproliforative nooplasms, colorectal cancer, uterine
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cancer, esophageal cancer, head and neck cancer, eye cancer, fallopian tube cancer,
gallbladder cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, hairy
cell leukenua, liver cancer, Hodgkin lymphoma, infraocular melanoma, pancreatic cancer,
kidney cancer, leukemia, mesothehioma, metastatic cancer, mouth cancer, multiple endocrine
neoplasia syndromes, multiple myeloma neoplasms, myelodysplastic neoplasms, ovarian
cancer, parathyroid cancer, penile cancer, pheochromocytoma, pituitary cancer, plasma ¢ell
neoplasm, primary peritoneal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma,
small intestine cancer, testicular cancer, throat cancer, thymoma and thymic carcinoma,
thvroid cancer, urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

{80355} In various embodiments, the one or more multiple early stage cancers s a single
cancer type. In various embodiments, the single cancer type is any one of acute lymphoblastic
leukemia, acute myeloid levkenua, adrenocortical carcinoma, soft tissue sarcoma, lymphoma,
anal cancer, gastrointestinal cancer, brain cancer, skin cancer, bile duct cancer, bladder
cancer, bone cancer, breast cancer, tung cancer, cardiac cancer, central nervous system
cancer, cervical cancer, chronic lymphocytic leukemia, chronic myelogenous leukenua,
chronic myeloproliferative neoplasms, colorectal cancer, uterine cancer, esophageal cancer,
head and neck cancer, eve cancer, fallopian tube cancer, gallbladder cancer, gastric cancer,
germ cell tumor, gestational trophoblastic cancer, hatry cell leukenua, liver cancer, Hodgkin
tvmphoma, intraccular melanoma, pancreatic cancer, kidney cancer, leukemia, mesothelioma,
metastatic cancer, mouth cancer, multiple endocrine neoplasia syndromes, multiple myeloma
neoplasms, myelodysplastic neoplasms, ovarian cancer, parathyroid cancer, penile cancer,
pheochromocytoma, pituitary cancer, plasma cell neoplasm, primary peritoncal cancer,
prostate cancer, recial cancer, retinoblastoma, sarcoma, small intestine cancer, testicular
cancer, throat cancer, thymoma and thymic carcinoma, thyroid cancer, wrethral cancer,
uterine cancer, vaginal cancer, and vulvar cancer. In various embodiments, the carly stage
cancer is a preclinical phase cance

{30356} In various embodiments, the preclinical phase cancer 1s stage T or stage I cancer. In
various embodiments, the method has more than a 70% ability to detect the at least one of
multiple carly stage cancers at more than 95%, more than 96%, more than 97%, more than
98%, more than 9%, more than 99.5%, or more than 99.9% specificity. In various
embodiments, the method achieves at least a 80%, at least a 81%, at least a 82%, at least a
83%, at least a 84%, or at least a 85% posttive predictive value when detecting the at least

one of nwltiple earlv stage cancers. In various crobodiments, the method achicoves at leasta
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5%, at least a 96%, at least a 97%, at least a 98%, at least a 99%, at lcast a 99.3%, or at least
a 99 4% negative predictive value when detecting the at least one of multiple early stage
cancers. In varnous embodiments, the screen has at least a 90%, at least a 95%, or at least a
99% negative predictive value. In varnous embodiments, the second analysis has at least a
80%, at least a 81%, at least a 82%, at least a 83%, at least a 84%, or at least a 859 positive
predictive value. In vartous embodiments, the second analveis has at least a 90%, at least a
G1%, at least a 92%, at least a 93%, at least a 94%, at least a 95%, at lecast a 96%, orat leasta
97% negative predictive value.

{00337} Additionally disclosed herein 15 a non-transitory computer readable medium
comprising instructions that, when executed by a processor, cause the processor to: perform
an analysis of sequence information of the subject that has been obtained from a biological
sample of the subject to identify whether the subject 1s not at risk of having one or more of
the early stage cancers; and then if the patient has not been identified as not at risk: analyze
the sequence information of the subjoct not identified as not at risk by performing a second
analysis to detect the presence of at least one specific cancer in the subject. In various
embodiments, the one or more of the early stage cancers is fifteen or more different cancers.
In various embodiments, the one or more of the carly stage or preclinical phase cancers is a
set of acute lymphoblastic loukemia, acute myeloid leukemia, adrenocortical carcinoma, soft
tissue sarcoma, lvmphoma, anal cancer, gastromiestinal cancer, brain cancer, skin cancer, bile
duct cancer, bladder cancer, bone cancer, breast cancer, hing cancer, cardiac cancer, contral
nervous system cancer, cervical cancer, chronic lymphoeytic leukemia, chronic myelogenous
cukenua, chronic myeloproliferative neoplasms, eolorectal cancer, uterine cancer,
csophageal cancer, head and neck cancer, eve cancer, fallopian tube cancer, gallbladder
cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, hairy cell leukemia,
liver cancer, Hodgkin lymphoma, intraocular melanoma, pancreatic cancer, kidney cancer,
leukemia, mesothclioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia
syndromes, multiple myeloma neoplasms, myelodysplastic neoplasms, ovarian cancer,
parathyroid cancer, penile cancer, pheochromocyioma, pituitary cancer, plasma cell
neoplasm, primary peritoneal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma,
small infestine cancer, testicular cancer, throat cancer, thyvmoma and thymic carcinoma,
thyvroid cancer, urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

{00358} In various embodiments, the one or more of the carly stage or prechinical phase

cancer 18 a single cancer tvpe. In various embodiments, the single cancer type is any one of
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acute lymaphoblastic leukemia, acute myeloid leukenua, adrenocortical carcinoma, soft tissue
sarcoma, lvmphoma, anal cancer, gastrointestinal cancer, brain cancer, skin cancer, bile duct
cancer, bladder cancer, bone cancer, breast cancer, hung cancer, cardiac cancer, central
nervous system cancer, cervical cancer, chronic lvmphoceytic leukenua, chronic myelogenous
leukemia, chronic myeloproliferative neoplasms, colorectal cancer, uterine cancer,
esophageal cancer, head and neck cancer, eve cancer, fallopian tube cancer, gallbladder
cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, hairy cell leukemia,
hver cancer, Hodgkin lymphoma, intrancular melanoma, pancreatic cancer, kidney cancer,
leukemia, mesothelioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia
syndromes, multiple myeloma neoplasms, mvelodysplastic neoplasms, ovarian cancer,
parathyroid cancer, penile cancer, pheochromocytoma, pituttary cancer, plasma cell
neoplasm, primary peritoncal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma,
small intestine cancer, testicalar cancer, throat cancer, thymoma and thymic carcinoma,
thyroid cancer, urethral cancer, uterine cancer, vaginal cancer, and vualvar cancer. In various
embodiments, the early stage cancer 1s a prechinical phase cancer In various embodiments,
the preclinical phase cancer is stage 1 or stage If cancer.

{80359} In various embodiments, the performance of the analysis and the analysis of the
sequence mformation has more than a 70% ability to detect the at least one of multiple early
stage cancers. In various embodiments, the performance of the analysis and the analysis of
the sequence information has more than 8 70% ability to detect the at least one of multiple
garly stage cancers at more than 93%, more than 96%, more than 97%, more than 98%, more
than 99%, more than 99.5%, or more than 99.9% specificity. In various embodiments, the
performance of the analvsis and the analvsis of the sequence information achieves at least a
80%, at least a 81%, at least a 82%, at least a 83%, at least a 84%, or at least a 85% positive
predictive value when detecting the at least one of multiple eardy stage cancers. In various
crobodiments, the performance of the analysis and the analysis of the sequence information
achieves at least a 95%, at least a 9696, at feast a 97%, at least a 98%, at least a 99%, at least a
§9.3%, or at least a 99 4% negative predictive value when detecting the at least one of
multiple carly stage cancers. In various embodiments, the performance of the avalysis has at
least a 90%, at least a 95%, or at least a 99% negative predictive value. In various
embodiments, the analysis of the sequence information to identify whether the subject has a

G/

detectable cancer or precancer has at least a 80%, at least a 81%, at least a 82%, at least a

83%, at least a 84%, or at least a 85% positive predictive value. In various emboduments, the
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avalysis of the sequence information to identify whether the subject has a detectable cancer or
precancer has at least a 90%, at least a 91%, at least a 929, at least a 93%, at least a 94%, at
least a 95%, at least a 96%, or at least a 97% negative predictive vahie.

{00360} In various emabodiments, the scquence mtormation comprises methvlation sequence
mformation. In various embodiments, the methviation sequence information comprises
methylation statases for a plurality of genomic sites. In various embodiments, the phurality of
genomic sites comprise a plurality of Cpé sites. In various embodiments, the instructions that
cause the processor to perform an analysis of sequence information of the subject comprises
further comprises mstructions that, when executed by the processor, cause the processor to
apply a trained machine leaming model. In various embodiments, the sequence information is
obtained from an assay, wherein the assay comprises performing one or more of a.
sequencing of nucleic acids in the sample; b, hybnd capture; ¢. methyvlation-specific PCR; d.
an assay that generates methylation information; and ¢. sequencing a clone hibrary gencrated
from a template pnmortalized hibrary. In vanous embodiments, performing the assay that
generates sequence information comprises: obtaining bisulfite converted cell free DNA
{cfDNA); selectively amplifving target regions of the bisulfite converted ofDNA; and
sequencing amplicons comprising the amplified target regions to generate the methylation
mformation.

{38361} In various embodiments, the target regions of the bisulfite converted ¢fDNA
comprise previously identified regions that are differentially methylated 1n cancer. In various
embodiments, the target rogions of the bisulfite converted cfDNA comprise one or more
CGls shown 1n Tables 1-4 {or one or more CpGs within at least a portion of a region
Tables 1-4). Additional example CGIs are disclosed in WO2018209361 (see Table [} or
WO2022133315 (see Table 2 entitled “TOO Methylation Sites™ and Table 3 entitled “Pan
Cancer Methylation Sites”), each of which is hereby incorporated by reference in its entirety.
In various embodunents, the biological sample is obtained from the subject while the subject
1s asymptomatic. fn various embodiments, the biological sample comprises any one of: a
blood sample, a stool sample, a urine sample, a mucous sample, a saliva sample. In various
embaodiments, the biological sample 1s a bloed sample. In various embodiments, the
biological sample does not comprise an invasive biopsy sample. In various embodiments, the
assay performed on the brological sample processes one or more of nucleic acids; cell free

DNA wmcluding sclected CpGs with a selected methylation state; and RNA
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{00362} In various emboduments, the sccond analysis comprises whole genome sequencing,
optionally whole genome bisulfite sequencing. In various embodiments, the non-transitory
computer readable medium further comprising instructions that, when exccuted by the
processor, cause the processorto determine a tissue of origin of the at least one specific
cancer 1n the subject using the sequence information of the subject. In various embodiments,
the non-transttory compuier readable mediom firther comprising instructions that, when
gxocuted by the processor, cause the processor to: perform an analysis of additional sequence
information of the subject that has been obtained from an additional biological sample of the
subject obtained subsequent to a timepoint that the biological sample was obtained; determine
one or more changes between the additional sequence wformation of the subject and the
sequence information; and determine a progression of the at least one specific cancer inthe
subject based on the determined one or more changes. In vanous embodiments, the non-
transitory computer readable medium further comprising instractions that, when executed by
the processor, cause the processor to: determine whether to provide an intervention to the
subject based on the deicomined progression of the at least one specific cancer. fn various
embodiments, the instructions that cause to processor to determine one or more changes
between the additional sequence information of the subject and the sequence information
further comprises instructions that, when executed by the processor, cause the processor to
determine changes one or more changes m methylation status across a plurality of genomic
sifes.

{00363} Additionally disclosed herein is a non-transitory computer readable medium
comprising instructions that, when exccuted by a processor, cause the processor to: perform
an analvsts of sequence information of the subject that has been obtained from a biological
sample of the subject to identify whether the subject is not at risk of having the health
condition; and then if the patient has not been identified as not at risk: analyze the sequence
mformation of the subject not identificd as not at nisk by performing a second analysis to
detect the presence of the health condition n the subject. Additionally disclosed herein is a
non-transitory computer readable medium comprising instructions that, when executed by a
processor, cause the processor to: perform an analvsis of marker mformation of the subject
that has been obtained from a biological sample of the subject to identify whether the subject
is not at risk of having the health condition; and then if the patient has not been identified as
not at risk; analyze sequence imformation of the subject not identified as not at risk by

performing a second analvsis to detect the presence of the health condition in the subject. In
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various embodiments, marker information comprises quantttative levels of protein
biomarkers.

{80364} Additionally disclosed herein is 3 non-transitory computer readable medium
comprising mstructions that, when executed by a processor, cause the processor to: {a)
perform an analysis of sequence mformation of nucleie acids in the sample to determine
whether the analysis generates a result cosrelative with presence or absence of a human
condition, and then if the result is detected: (b} analyze the sequence information of the
nucleic acids in the sample by performing a second analysis to determine if the second
analysis generates the signal, wherein 1t the signal is detected, then the probability the signal
in the sample ts authentic 1s higher as compared t¢ a probability that a signal is authentic
when generated by an analogous method, where the analogous method differs by omitting
step (a). In various embodiments, the steps performed by the processor achieves at least a
20% positive predictive valae when detecting the health condition. In varicus embodiments,
the steps performed by the processor achieves at least a 40% positive predictive value whe
detecting the health condition. In various embodiments, the steps performed by the processor
achieves at least a 60% positive predictive value when detecting the health condition. In
various embodiments, the steps performed by the processor achieve at least a 30%, at least a
81%, at least a 82%, at least a 83%, at lcast a #4%, or at least a #3% positive predictive value
when detecting the health condition. In various embodiments, the health condition s a
disease risk. In various embodimenis, the health condition is a rare discase or disorder. In
various erabodiments, the health condition has an mcidence of 1in 100, 110 1,000, 1 in
10,000 individuals, 1 i 100,000 mdividuals, 1 in 1,000,000 individuals, 1 in 10,000,000
individuals, or 1 in 100,000,000 individuals.

{08365} Additionally disclosed herein is 3 non-transitory computer readable medium
comprising instructions that, when executed by a processor, cause the processor to! ghtain
sequence information derved from a fust assay performed on a sarple obtammed from a
subject; perform a screen by analyzing the sequence information to classify the subject as at
risk for a health condition or not at risk for a health condition; responsive to a classification
of the subject as at risk for a health condition, obtain sequence infoumation derived from a
second assay performed on the sample or an additional sample obtained from the subject to
generate the sequence mnformation derived from the second assay; and performing a second
analysis of the sequence information derived from the second assay for the subject to further

classity the subject at risk for the health condition as a candidate subject for monitoring.
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Additionally disclosed herein is a non-transitory computer readabie mediurn comprising
mstractions that, when executed by a processor, cause the processor to: obtain sequence
mformation derived from a first assay performed on a sample obtained from the subject;
perform a screcn by analyzing the sequence information to classify the subject as at risk for
the health condition or not at risk for the health condition: if the subject is classified as not at
risk for the health condition, report that the subject is not at risk for the health condition; f
the subject is classified as at risk for the health condition: obtain sequence mformation
derived from a second assay performed on the sample or an additional sample obtained from
the subject to generate the sequence information derived from the second assay; and perform
asecond analysis of the sequence information dertved from the second assay for the subject
to further classify the subject at risk for the health condition as a candidate subject for
monorng,

{00366} Additionally disclosed herein 1s a non-transitory computer readable medium
comprising instructions that, when oxecuied by a processor, cause the processor to: for cach
of one or more subjects in a plurality of subjects: obtain sequence mformation derived from a
first assay performed on a sample obtained from the subject; perform a screen by analvzing
the sequence information to classify the subject as at risk for a health condition or not at nsk
for a health condition; responsive to a classification of the subject as at risk for a health
condition, obtain sequence information derived from a second assay performed on the sample
or an additional sample obtained from the subject to generate the sequence information
derived from the second assay; and perform a second analysis of the sequence information
derived from the sccond assay for the subject to further classify the subject at risk for a health
condition as a candidate subject for inclusion m the candidate population.

{08367} Additionally disclosed herein is 3 svstem comprising: 3 processor; a data storage
comprising sequence information that has been obtamed from a biological sample of a
subject; a non-transitory computer readable medium comprising mstructions that, when
executed by the processor, cause the processor to; perform an analysis of sequence
wformation of the subject that has been obtained from a biological sample of the subject to
identtfy whether the subject 15 not at nisk of having one or more of the carly stage cancers;
and then if the patient has not been identified as not at risk: analyze the sequence mformation
of the subject not identified as not at risk by performing a second analysis to detect the
presence of at least one specific cancer in the subject. In various embodiments, the one or

maore of the early stage cancers is fiftcen or more different cancers. In various erabodiments,
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the one or more of the carly stage or preclinical phase cancers is a set of acute lymphoblastic
leukemia, acute myeloid leukemia, adrenocortical carcinoma, soft tissue sarcoma, fymphoma,
anal cancer, gastrointestinal cancer, brain cancer, skin cancer, bile duct cancer, bladder
cancer, bone cancer, breast cancer, lung cancer, cardiac cancer, central nervous system
cancer, cervical cancer, chromic Iymphocyvtic leukemia, chronic myelogenous leukemia,
chromic myeloprohiferative neoplasms, colorectal cancer, uterine cancer, esophageal cancer,
head and neck cancer, eve cancer, fallopian tube cancer, gallbladder cancer, gastric cancer,
germ cell tumor, gestational trophoblastic cancer, bairy cell leukemia, liver cancer, Hodgkin
vmphoma, intraocular melanoma, pancreatic cancer, kidney cancer, leukemia, mesothelioma,
metastatic cancer, mouth cancer, multiple endocrine neoplasia syndromes, multiple myeloma
neoplasms, myelodysplastic neoplasms, ovarian cancer, parathyroid cancer, penile cancer,
pheochromocytoma, pitwitary cancer, plasma cell neoplasm, privnary peritoneal cancer,
prostate cancer, rectal cancer, retinoblastoma, sarcoma, small intestine cancer, testicular
cancer, throat cancer, thymoma and thymic carcinoma, thyroid cancer, urethral cancer,
uterine cancer, vaginal cancer, and vulvar cancer,
{80368} In various embodiments, the one or more of the early stage or preclimcal phase
cancer 1§ a single cancer type. In various embodiments, the single cancer type is any one of
acute fymphoblastic leukemia, acute myeloid leukemia, adrenocortical carcinoma, soft tissue
sarcoma, lvmphoma, anal cancer, gastromntestinal cancer, brain cancer, skin cancer, bile duct
cancer, bladder cancer, bone cancer, breast cancer, fung cancer, cardiac cancer, central
nervous system cancer, cervical cancer, chronic lymphooytic leukemia, chronie myelogenous
cukenua, chronic myeloproliferative neoplasms, eolorectal cancer, uterine cancer,
csophageal cancer, head and neck cancer, eve cancer, fallopian tube cancer, gallbladder
cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, hairy cell lenkemia,
liver cancer, Hodgkin lymphoma, intraocular melanoma, pancreatic cancer, kidney cancer,
leukemia, mesothclioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia
syndromes, multiple myeloma neoplasms, myelodvsplastic neoplasms, ovarian cancer,
parathyroid cancer, penile cancer, pheochromocyioma, pituitary cancer, plasma cell
neoplasm, primary peritoneal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma,
small infestine cancer, testicular cancer, throat cancer, thyvmoma and thymic carcinoma,
thyvroid cancer, urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.
{08369 In various embodiments, the early stage cancer i3 a preclinical phase cancer. In

various embodunents, the prechinical phase cancer is stage I or stage 11 cancer. o various
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embodiments, the performance of the analysis and the analysis of the sequence nformation
has more than a 70% ability to detect the at least one of multiple early stage cancers. In
various embodiments, the performance of the analysis and the analysis of the sequence
nformation has more than a 709 ability to detect the at least one of multiple carly stage
cancers at more than 95%, more than 96%, more than 97%, more than 98%, more than 99%,
more than 99 3%, or more than 99.9% specificity. In various embodiments, the performance
of the analysis and the analysis of the sequence information achieves at least a 80%, at leasta
81%, at least a 82%, at least a 839, at least a 84%, or at least a 83% positive predictive value
when detecting the at least one of multiple early stage cancers. Tn various embodiments, the
performance of the analysis and the analvsis of the sequence information achieves at least a
959%, at least a 96%, at least a 97%, at lcast a 98%, at least a 999, at least a 99.3%, or at least
a 99 4% negative predictive value when detecting the at least one of multiple carly stage
cancers. In various embodiments, the performance of the analysis has at feast 3 90%, at least
a 95%, or at fcast a 99% negative predictive value. In various embodiments, the analysis of
the sequence information to identify whether the subject has a detectable cancer or precancer
has at least a 80%, at least a 81%, at least a 2%, at least a 83%, at least a 849, or at least a
85% positive predictive value. In various embodiments, the analysis of the sequence
mformation to identify whether the subject has a detectable cancer or precancer has at least a
G(3%, at least a 91%, at least a 92%, at least a 93%, at least a 949, at least a 95%, atleast a
96%, or at least a Y7% negative predictive value.

{03706} In various embodiments, the sequence information comprises methylation sequence
information. In various embodiments, the methyiation sequence information comprises
methvlation statuses for a plurality of genomic sites. In various embodiments, the plarality of
genomic sites comprise a phurality of CpG sttes. In various embodiments, the instractions that
cause the processor to perform an analysis of sequence information of the subject comprises
further comprises instructions that, when executed by the processor, cause the processor to
apply a trained machine learning model.

{08371} In various cmbodiments, the sequence information is obtained from an assay,
wherein the assay comprises performing one or more of: a. sequencing of nucleic acids in the
sample; b. hybnd capture; ¢ methvlation-specific PCR: d. an assay that gencrates
methylation information; and e. sequencing a clone library gencrated {from a template

mmaortalized library.
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160372} In various embodiments, performing the assay that generates sequence information
comprises: obtaining bisulfite converted ccll free DNA (cfDNA}); selectively amplifying
target regions of the bisulfite converted of DNA; and sequencing amplicons comprising the
amplified target regions to generate the methylation information. In various embodiments, the
target regions of the bisulfite converted ¢fDNA comprise previously identified regions that
are differentially methylated in cancer. In various embodiments, the target regions of the
bisulfite converted ¢fDNA comprise one or more CGls shown in Tables -4 {or one or more
CpGs withan at feast a portion of a region in Tables 1-4). Additional example CGls are
disclosed in WO2018209361 {see Table 1} or WO2022133315 (see Table 2 entitled “TOO
Methylation Sites” and Table 3 entitled “Pan Cancer Methylation Sites™), each of winch is
hereby meorporated by reference in s entirety. In various embodiments, the biological
sample is obtained from the subject while the subject is asymptomatic. In various
embodiments, the biological sample comprises any one of: a blood sample, a stool sample, 8
wrine saraple, a mucous sample, a saliva sample. In various embodiments, the biclogical
sample is a blood sample. In various embodiments, the biological sample does not conprise
an invasive biopsy sample. In various embodiments, the assay performed on the biclogical
sample processes one or more of: nucleic acids; cell free DNA including selected TCpGs with
a sclected methylation state; and RNA.

{38373} In various embodiments, the second analysis comprises whole genome sequencing,
optionally whole genome bisulfite sequencing. In various embodiments, the non-transitory
computer readable medium further comprises mstructions that, when executed by the
processor, cause the processor to deternune a tissue of ongin of the at least one specific
cancer in the subject using the sequence information of the subject. In vanious embodiments,
the non-transitory computer readable medium further comprises instroctions that, when
cxecuted by the processor, cause the processor tor perform an analysis of additional sequence
mformation of the subject that has been obtained from an additional biological sample of the
subject obtained subsequent to a timepoint that the biological sample was obtained; determine
one or more changes between the additional sequenee information of the subject and the
sequence information; and determine a progression of the at least one specific cancer in the
subject based on the determined one or more changes.

{80374} In various embodiments, the non-transttory computer readable mediam further
comprises instructions that, when executed by the processor, cause the processor to:

determine whether to provide an intervention to the subject based on the determined
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progression of the at least one specific cancer. In various embodiments, the 1astructions that
cause to processor to determine one or more changes between the additional sequence
mformation of the subject and the sequence information further comprises instructions that,
when executed by the processor, cause the processor to determine changes one or more
changes in methylation status across a plurality of genomic sites.

{00375} Additionally disclosed herein is a system comprising. a processor; a data storage
comprising sequence mformation that has been obtained from a biclogical sample of a
subject; a non-transitory computer readable medium comprising instructions that, when
executed by the processor, canse the processor to: perform an analysis of sequence
mformation of the subject that has been obtained from a biological sample of the subject to
wdentify whether the subject 1s not at risk of having the health condition; and then if the
patient has not been wlentified as not at risk: analvze the sequence information of the subject
not identified as not at risk by performing a second analysis to detect the presence of the
health condition in the subject.

00376} Additionally disclosed herein 1s a system comprising: a processor; a data storage
comprising marker information that has been obtained from a biological sample of a subject;
a non-transtiory computer readable medium comprising instractions that, when executed by
the processor, cause the processor to: perform an analysis of marker information of the
subject that has been obtained from a biological sample of the subject to identify whether the
subject is not at risk of having the health condition; and then if the patient has not been
identificd as not at risk: analyze sequence information of the subject not identified as not at
risk by performing a second analysis to detect the presence of the health condition in the
subject. In various embodiments, the marker information comprises quantitative levels of
protein biomarkers.

{00377} Additionally disclosed herein is a system comprising: a processor; a data storage
coroprising marker information that has been obtained from a bioogical sample of a subject;
a non-transitory computer readable medium comprising instructions that, when executed by
the processor, cause the processor to: (a) perform an analysis of sequense information of
nucleic acids in the sample to deternune whether the analysis gencrates a result correlative
with presence or absence of a human condition, and then if the result 1s detected: and (b)
analyze the sequence information of the nucleic acids in the sample by performing second
analysis to determine if the second analysis generates the signal, wherein if the signal is

detected, then the probability the signal in the sample is authentic 15 lugher as compared to a
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probability that a signal is authentic when generated by an analogous method, where the
analogous method differs by omitting step {a). In various embodiments, the steps performed
by the processor achieves at least a 20% positive predictive value when detecting the health
condition. In various embodiments, the steps performed by the processor achieves at least a
40% positive predictive value when detecting the health condition. In various embodiments,
the steps performed by the processor achieves at least a 60% positive predictive value when
detecting the health condition. In various embodiments, the steps performed by the processor
achieve at least a 809%, at lcast a 81%, at least a 82%, at least a 839, at least a 849, or at least
a 85% positive predictive value when detecting the health condition. In various embodiments,
the health condition is a disease risk. In various embodiments, the health condition is a rare
disease or disorder. In vanous embodiments, the health condition has an incidence of 1 in
100, 1 m 1,000, T in 10,000 individuals, 1 in 100,000 mdividuals, 1 in 1,000,000 individuals,
1 in 10,000,000 individuals, or T in 100,000,000 individuals.

108378} Additionally disclosed hercin is a system comprising: a processor; a data storage
comprising sequence mformation derived from a first assay performed on a sample obtained
from a subject; a non-transitory computer readable medium comprising mstructions that,
when executed by the processor, canse the processor to: perform a screen by analyzing the
sequence mformation to classify the subject as at risk for a health condition or not at risk fora
health condition; responsive to a classification of the subject as at rigk for a health condition,
obtain sequence information derived from a second assay performed on the sample or an
additional sample obtained from the subject to generate the sequence information derived
from the second assay; and perform a second analysis of the sequence information derived
from the second assay for the subject to further classify the subject at nisk for the health
condition as a candidate subject for monitoring.

{00379} Additionally disclosed herein is a system comprising: a processor; a data storage
cornprising sequence imformation derived from a first assay perforued on a sample obtained
from a subject; a non-transitory computer readable medium comprising instructions that,
when executed by the processor, cause the processor to; perfornm a screen by analyzing the
sequence information to classify the subject as at risk for a health condition or not at visk fora
health condition; 1f the subject is classified as not at risk for the health condition, report that
the subject is not at risk for the health condition; if the subject s classified as at risk fora
health condition; obtain sequence miformation derived from a second assay performed on the

sample or an additional sample obtained from the subject to generate the sequence
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mformation derived from the second assay; and perform a second analysis of the sequence
nformation derived from the second assay for the subject to further classify the subject at
risk for the health condition as a candidate subject for monitoring.

{00380} Additionally disclosed herein is a system comprising: a processor; a data storage
comprising sequence information derived from a first assay performed on a sample obtained
from a subject: a pon-transitory computer readable medium comprising instructions that,
when executed by the processor, cause the processor to: for each of one or more subjects in
the plurality of subjects: perform a screen by analvzing the sequence information to classify
the subject as at risk for a health condition or not at risk for a health condition; responsive to
a classification of the subject as at nisk for the health condition, obtain sequence information
derived from a second assay performed on the sample or an additional sample obtained from
the subject to generate the sequence information derived from the second assay; and perform
a second analysis of the sequence information derived from the second assay for the subject
to further classify the subject at risk for the health condition as a candidate subjeet for
clusion in the candidate population,

{80381} Additionallv disclosed herein s a kit comprising: a. equipment to draw a sample
from a subject; b. a set of detection reagents that, when combined with the sample, allows
detection of biomarkers in the sample; and ¢. instructions for accessing computer progran
mstrictions stored on a computer storage medium that, when processed by a processor of a
computer system, cause the processor to: perform an analvsis of sequence information to
identify whether the subject is not at risk of having one or more early stage cancers, and then
if the paticnt has not been identificd as not at risk: analyze sequence information of the
subject not wdentified as not at risk denved from second analysis to detect the presence of the
one or more carly stage cancers in the subject. In various embodiments, the one or more of
the early stage cancers is fifteen or more different cancers. In various embodiments, the one
or more of the carly stage ot preclinical phase cancers is a set of acute lymphoblastic
leukemia, acute myeloid leukenuia, adrenocortical carcinoma, soft tissue sarcoma, lymphoma,
anal cancer, gastrointestinal cancer, brain cancer, skin cancer, bile duct cancer, bladder
cancer, bone cancer, breast cancer, lung cancer, cardiac cancer, central nervous systern
cancer, cervical cancer, chronic lyvmphocytic leukemia, chrome myelogenous leukenua,
chronic myeloproliferative neoplasms, colorectal cancer, uterine cancer, esophageal cancer,
head and neck cancer, eve cancer, fallopian tube cancer, gallbladder cancer, gastric cancer,

germ cell tumor, gestational trophoblastic cavcer, hatry cell leukenua, liver cancer, Hodgkin
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Ilvmphoma, intraocular melanoma, pancreatic cancer, kidney cancer, leukernia, mesothelioma,
metastatic cancer, mouth cancer, multiple endocrine neoplasia syndromes, multiple myveloma
neoplasms, myelodysplastic neoplasms, ovarian cancer, parathyroid cancer, penile cancer,
pheochromocytoma, pituitary cancer, plasma cell neoplasm, primary peritoneal cancer,
prostate cancer, rectal cancer, retinoblastoma, sarcoma, small intestine cancer, festicular
cancer, throat cancer, thymoma and thymic carcinoma, thyrord cancer, urethral cancer,
wierine cancer, vaginal cancer, and velvar cancer.

{00382} In various embodiments, the one or more of the carly stage or prechinical phase
cancer 1s a single cancer type. In various embodiments, the single cancer type is any one of
acute lymphoblastic leukemia, acute myeloid leukemia, adrenocortical carcinoma, sofl tissue
sarcoma, lyraphoma, anal cancer, gastromtiestinal cancer, brain cancer, skin cancer, bile duct
cancer, bladder cancer, bone cancer, breast cancer, fung cancer, cardiac cancer, central
nervous system cancer, cervical cancer, chromic lvmphoeytic leukemia, chronic myelogenous
leukemia, chronic myeloproliferative neoplasms, colorectal cancer, utering cancer,
csophageal cancer, head and neck cancer, eve cancer, fallopian tube cancer, gallbladder
cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, hairy cell leukemia,
Liver cancer, Hodgkin lymphoma, intraccular melanoma, pancreatic cancer, kidney cancer,
leukemia, mesothelioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia
syndromes, multiple myeloma neoplasms, myelodvsplastic neoplasms, ovarian cancer,
parathyroid cancer, penile cancer, pheochromocytoma, pituitary cancer, plasma cell
neoplasm, primary peritoneal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma,
small intestine cancer, testicular cancer, throat cancer, thvmoma and thymic carcinoma,
thyvroid cancer, urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

{08383} In various embodiments, the carly stage cancer i3 a preclinical phase cancer In
various embodiments, the preclinical phase cancer is stage I or stage If cancer. In various
crobodiments, the performance of the analysis and the analysis of the sequence information
has more than a 70% ability to detect the at least one of multiple carly stage cancers. In
various embodiments, the performance of the analysis and the analysis of the sequence
information has more than a 70% abiity to detect the at least one of multiple cardy stage
cancers at more than 959, more than 96%, more than 97%, more than 98%, more than 99%,
more than 99.5%, or more than 99.9% specificity. In various embodiments, the performance
of the analysis and the analysis of the sequence information achieves at least a 80%, at leasta

81%, at least a 82%, at least a 83%, at least a 84%, or at least a 85% posttive predictive value
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when detecting the at least one of multiple carly stage cancers. Tn various embodiments, the
performance of the analvsis and the analvsis of the sequence information achieves at least a
95%, at least a 96%, at least a 97%, at lcast a 98%, at least a 99%, at least a 99 3%, or at least
a 99.4% negative predictive value when detecting the at least one of multiple carly stage
cancers. In various embodiments, the performance of the analysis has at least a2 90%, at least
a 93%, or at least a 99% negative predictive value. In various embodiments, the analysis of
the sequence information to identity whether the subject has a detectable cancer or precancer
has at least a 80%, at lcast a 81%, at lcast a 82%, at least a 83%, at least a 849, or at least a
85% positive predictive value. In various embodiments, the analysis of the sequence
mformation to identify whether the subject has a detectable cancer or precancer has at least a
90%, at least a 91%, at least a 92%, at least a 93%. at least a 94%, at least a 95%, at least a
96%, or at least a 97% negative predictive value,

{30384} In various embodiments, the sequence information comprises methylation sequence
information. In various embodiments, the methylation sequence information comprises
methylation statuses for a plurality of genomic sites. In various embodiments, the plurality of
genomuc sites comprise a plurality of CpG sies. In various embodiments, the mstructions that
cause the processor to perform an analysis of sequence information of the subject comprises
further comprises instructions that, when executed by the processor, cause the processor to
apply a trained machine learning model.

{08385} In various embodiments, the sequence information is obtained from an assay,
wherein the assay comprises performing one or more of: a. sequencing of nucleic acids in the
sample; b, hybrid capture; ¢. methvlation-specific PCR; d. an assay that generates
methvlation information; and ¢. sequencing a clone library generated from a template
mmortalized hibrary. In vanous embodiments, performing the assay that generates sequence
mformation comprises: obtaining bisulfite converted cell free BNA (cfDNA); selectively
aroplifving target regions of the bisulfite converted cfDNA; and sequencing amplicons
comprising the amplified target regions to generate the methylation mformation,

{06386} In various cmbodiments, the target regions of the bisulfite converted cfDNA
comprise previously identified regions that are differentially methylated 1 cancer. In various
embodiments, target regions of the bisulfite converted ¢fDNA comprise one or more CGls
shown in Tables 1-4 {or one or more CpGs within at least a portion of a region in Tables 1-4).
Additional exampie CGls are disclosed in WO2018200361 {(sce Table 1) or WO2022133315
{sce Table 2 entitled “TOO Methylation Sites” and Table 3 entitled “Pan Cancer Methylation
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Sites™), cach of which is hereby incorporated by reference in its entirety. In various
embodiments, the biological sample is obtained from the subject while the subject is
asymptomatic. In various embodiments, the biological sample comprises anv one of’ a blood
sample, a stool sample, a urine sample, a mucous sample, a saliva sample. In various
embodiments, the biological sample s a blood sample. In vanous embodiments, the
biological sample does not comprise an invasive biopsy sample.

{00387} In various embodiments, the assay performed on the biological sample processes one
or more oft nucleic acids; cell free DNA meluding selected CpGs with a selected methylation
state; and RNA . In various embodiments, the second analvsis comprises whole genome
sequencing, optionally whole genome bisuifite sequencing. In various embodiments, the non-
transitory computer readable medinm further comprises instructions that, when executed by
the processor, cause the processor to determine a tissue of ongin of the at least one specific
cancer in the subject using the sequence information of the subject. In various embodiments,
the computer progran: instractions further comprise instructions that, when executed by the
processor, cause the processor to: perform an analysis of additional sequence mformation of
the subject that has been obtained from an additional biological sample of the subject
obtained subsequent to a imepoint that the biological sample was obtained; determine one or
more changes between the additional sequence information of the subject and the sequence
mformation; and determine a progression of the at least one specific cancer in the subject
based on the determined one or more changes.

{0388} In various embodiments, the computer program instructions further comprise
fnstouctions that, when exccuted by the processor, cause the processor to: determine whether
to provide an intervention to the subject based on the determined progression of the at least
one specific cancer. In various embodiments, the computer program instructions that casse to
processor to determing one or more changes between the additional sequence information of
the subject and the sequence information futther comprise instructions that, when executed
by the processor, cause the processor to determine changes one or more changes n
methylation status across a plurality of genomic sites.

{00389} Additionally disclosed hercin is a kit comprising: a. equipment to draw a sample
from a subject; b. a set of detection reagents that, when combined with the sample, allows
detection of biomarkers in the sample; and ¢. instructions for accessing computer program
mstructions stored on a computer storage medium that, when processed by a processor of a

computer system, cause the processor to: perform an analysis of sequence information of the
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subject that has been obtained from the sample of the subject to identify whether the subject
is not at risk of having the health condition; and then if the patient has not been identified as
not at risk: analvze the sequence mformation of the subject not 1dentified as not at risk by
performing a second analvsis to detect the presence of the health condition in the subject.
00396} Additionally disclosed herem 1s a kit comprising: a. equipment to draw a sample
from a subject: b. a set of detection reagents that, when combined with the sample, allows
detection of biomarkers in the sample; and ¢, instructions for accessing computer program
instractions stored on a computer storage medium that, when processed by a processor of a
computer system, cause the processor to: perform an analysis of marker information of the
subject that has been obtained from a brological sample of the subject to identify whether the
subject 15 not at risk of having the health condition; and then if the patient has not been
wdentified as not at risk: analyvze sequence information of the subject not wdentified as not at
risk by performing a second analysis to detect the presence of the health condition in the
subject. In various embodiments, the marker information comprises quantitative levels of
protein biomarkers.

{86391} Additionallv disclosed herein s a kit comprising: a. equipment to draw a sample
from a subject; b. a set of detection reagents that, when combined with the sample, allows
detection of biomarkers in the sample; and ¢. instructions for accessing computer progran
mstrictions stored on a computer storage medium that, when processed by a processor of a
computer system, cause the processor to: (a) perform an analysis of sequence information of
mucleic acids in the sample to determine whether the analysis gencrates a result correlative
with presence or absence of a human condition, and then if the result is detected: and (b)
analyze the sequence nformation of the nucleic acids 1n the sample by performing second
analysis to determine if the second analysis gencrates the signal, whercin if the signal is
detected, then the probability the signal in the sample 1s authentic is higher as compared to a
probability that a signal 1s authentic when gencrated by an analogous method, where the
analogous method differs by omitting step (a). In various embodiments, the steps performed
by the processor achieves at least a 20% positive predictive value when detecting the health
condition. fn various embodiments, the steps performed by the processor achieves at least a
40% positive predictive value when detecting the health condition. In vanous embodiments,
the steps performed by the processor achieves at lsast a 60% positive predictive value when
detecting the health condition. In various embodiments, the steps performed by the processor

achieve at least a 80%, at least a 819, at least a 82%, at least a 83%, at least a 84%, or at feast
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a 85% positive predictive value when detecting the health condition. In vartous embodiments,
the health condition is a disease risk. In various enmboduments, the health condition 15 a rare
discase or disorder. In various embodiments, the health condition has an incidence of 1 m
100, 1w 1,000, 1 in 10,000 individuals, 1 in 100,000 mdividuals, 1 in 1,000,000 individuals,
1in 10,000,000 individuals, or |in 100,000,000 mdividuals.

[60392] Additionally disclosed herein is a kit comprising: a. equipment to draw a sample
from a subject; b. a set of primers that, when combined with the sample, allows detection of a
plurality of sites in cell-free DNA m the sample; and ¢. instructions for accessing computer
program instructions stored on a computer storage medium that, when processed by a
processor of a computer system, cause the processor to: perform a screen by analyzing the
sequence mformation to classify the subject as at risk for a health condition or not at risk fora
health condition; responsive to a classification of the subject as at nigk for a health condition,
obtain sequence information derived from a second assay performed on the sample or an
additional sample obtained from the subject to generate the sequence mformation derived
from the second assay; and perform a second analysis of the sequence information derived
from the second assay for the subject to further classify the subject at risk for the health
condition a candidate subject for monitoring.

{08393} Additionally disclosed herein is a kit comprising. a. cquipment to draw a sample
from a subject; b. a set of primers that, when combined with the sample, allows detection of a
plarality of sites in celi-free DNA in the sample; and c. instractions for accessing computer
program instructions stored on a computer storage medium that, when processed by a
processor of a computer system, cause the processor to: perform a screen by analyzing the
sequence nformation fo classify the subject as at risk for a health condition or not at risk fora
health condition; f the subject is classified as not at risk for a health condition, report that the
subject is not at risk for a health condition: if the subject is classified ag at risk for a health
condition: obtain sequence information derived from a second assay performed on the sample
or an additional sample obtained from the subject to generate the sequence mformation
derived from the second assay; and perform a second analysis of the sequence information
derived from the second assay for the subject to further classify the subject at risk for a health
condition as a candidate subject for monitoring.

{80394} Additionally disclosed herein is a kit comprising: a. equipment to draw a sample
from a subject: b. a sct of primers that, when combined with the sample, allows detection of

a plurality of sites in cell-frec DNA w the sample; and ¢. 1nstructions for accessing computer
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program instructions stored on a computer storage medium that, when processed by a
processor of a computer system, cause the processor to: for each of one or more subjects i
the plurality of subjects: perform a screen by analyzing the sequence information to classify
the subject as at risk for a health condition or not at visk for a health condition; responsive 1o
a clasmification of the subject as at risk for a health condition, obtain sequence mformation
derived from a second assay performed on the sample or an addittonal sample obtained from
the subject to generate the sequence information denived from the second assay,; and perform
asecond analysis of the sequence information derived from the second assay for the subject
to further classify the subject at risk for a health condition as a candidate subject for inchusion
int the candidate popuolation.

{00395} Disclosed herein ts a method for determuning a signal mformative of a health
condition from an mdividual, the method comprising: obtamning target nucleic acids and
reference nucleic acids from one or more samples from the individoal; generating sequence
information from the target nucleic acids and sequence infonmation from the reference
nucleic acids; and combining the scquence information from the target nucleic acids and the
sequence mformation from the reference nucleic acids to generate the signal informative of
the health condition. In various embodiments, the health condition is a cancer. In various
cmbodiments, the health condition is an early stage cancer or preclinical phase cancer.
{30396} In various embodiments, obtaining target nucleic acids and reference nucleic acids
from one or more samples comprises obtaining the target nucleic acids and the reference
nucleic acids from a single sample. In various embodiments, the single sample is any one of a
blood sample, a stool sample, a urine saraple, a mucous sample, or a saliva sample. In various
embodiments, obtaining target nucleic acids and reference nucleic acids comprises
fractionating the single sample, wherein the target nucleic acids are obtained from a first
fraction of the single sample, and wherein the reference nucleic acids are obtained from a
second fraction of the single sample. In various embodiments, the target nucleic acids
comprise cell free DNA (cfDNA). In vanous embodiments, the reference nucleic acids
comprise genomic DNA from cells of the individual. In various embodiments, the cells of the
individual comprise peripheral blood mononuclear celis (PBMCs) or polyrmorphonuciear
cells. In various embodiments, obtaining target nucleic acids and reference nucleic acids from
one or more samples comprises obtaining the target nucleic acids and the reference nucleic
acids from different samples. In various embodiments, the target nucleic acids are obtained

from a blood sample, and wherein the reference nucleic acids are obtamned from a tissue
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samapie. In various embodiments, the target nucleic acids comprise coll free DNA (effINA}
In various embodiments, the reference nuclete acids comprise genomic DNA from cells of
the individual.

{00397} In various emabodiments, combining the sequence nformation from the target nucleic
acids and the sequence information from the reference nucleic acids comprises aligning the
sequence information from the target mucleic acids and the sequence information from the
reference nucleic acids. In various embodiments, combining the sequence information from
the target nucleic acids and the sequence mformation from the reference nucleic acids
comprises determining a difference between the sequence information from the target nucleie
acids and the sequence information from the reference mucleic acids. In various embodiments,
combining the sequence information from the target nucleic acids and the sequence
mformation from the reference nucleic acids comprises subtracting the sequence information
from the reference nocleic acids from the sequence information from the target nucleic acids.
103398} In various cmbodiments, the sequence information from the target nucleic acids
comyprises methylation sequence mformation of the target nucletc acids. In various
embodiments, the sequence information from the reference nucleic acids comprises
methylation sequence information of the reference nucleic acids. In various embodiments, the
methylation scquence information of the target mucleic acids and the methylation sequence
mformation of the reference nucleic acids both comprise methylation statuses for a plurality
of genomic sites. In various embodiments, the plurality of genomic sites comprise a plurality
of CGls shown in Tables 1-4 {or one or more CpGs within at least a portion of a region in
Tables 1-4). Additional example CGls are disclosed i WOZ0 18209361 {see Table 1) or
WO2022133315 (see Table 2 entitled “TOO Methylation Sites” and Table 3 entitled “Pan
Cancer Methylation Sites”}, each of which is hereby incorporated by reference in its entirety.
{08399] In various embodiments, generating sequence information from the target nucleic
actds and sequence information from the refercnce nucleic acids comprises performing an
assay, wherein the assay comprises one or more of a. sequencing of target nucleic acids
and/or reference nucleic acids via targeted sequencing, whole genome sequencing, or whole
genome bisulfite sequencing; b. a nucleic acid amplification assay; and ¢. an assay that
generates methvlation information. In various embodiments, the nucleic acid amphification
assay is a PCR assay. In various embodiments, the PCR assay comprises a real-time PCR
assay, guantitative real-time PCR{QPCR} assay, digital PCR (dPCR) assay, allele-specitic

PCR assay, or reverse-transcription PCR assay. In various emboduments, generating sequence
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mformation from the target nucleic acids and sequence information from the reference
nucleic acids comprises performing a target enrichment assay. In various embodiments, the
target enrichment assay comprises hybnd captare.

{00400} In various embodiments, pedforming the assay comprises: obtaining bisulfite
converted target nucleic acids and/or reference mucleic acids; and selectively amphfying
target regions of the bisulfite converted target nucleic acids and/or reference nucleic acids. In
various emnbodiments, performing the assay further comprises: determining quantitative
values of sequences of the amplicons comprising the amplified target regions 1o generate the
sequence information of the target nucleic acids and/or sequence mnformation of the reference
nucleic acids. In various embodiments, the guantitative values comprise cvele threshold (Co)
values.

{00401] In various embodiments, performing the assay further comprises: sequencing
amplicons comprising the amplified target regions to generate the sequence information of
the target nucleie acids and/or sequence information of the reforence nucleie acids. In
various embodiments, the target regions comprnise previously identified regions that are
differentially methylated in presence of the health condition. In vanous embodiments, the
target regions comprise one or more CGIs shown in Tables 1-4 (or one or more CpGs within
at feast a portion of a region i Tables 1-4). Additional example CGls are disclosed in
WO2018209361 (see Table 1) or W(02022133315 (see Table 2 entitled “TO0 Methylation
Sites” and Table 3 entitled “Pan Cancer Methylation Sites”), each of which is hereby
incorporated by reference in its entirety.

{00402} In various emboduments, methods disclosed herein further comprise deternuning a
tissue of onigm of the health condition using the signal informative of the health condition. In
various embodiments, methods disclosed herein further comprise determining progression of
the health condition using the signal informative of the health condition.

{00403} Additionally disclosed is a method of identifying a cancer signal from an individual,
the method comprising: obtaining a sample from the individual, wherein the sample
comprises cfDNA and a PBMC DNA; determining the methylation status at a plurality of
CpG sttes of the ofDINA and the PBMC DNA; and comparing the methylation status at the
plurality of CPG sites of the ¢fDNA and the PBMC DNA 1o generate the signal informative
of the health condition. In various embodiments, the methylation status was determined from
sequencing or nucieic acid amplification. In various embodiments, the nucleic acid

amplification comprises a PCR assay. To various embodunents, the PCR assay comprises a
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real-time PCR assay, quantitative real-time PCR (gPCR) assay, digital PCR (dPCR} assay,
allele-specific PCR assay, or reverse-transcription PCR assay. In various embodiments, the
CPG sites comprise previously identified CPG sites that are differentially methylated m
presence of the bealth condition. In various embodiments, the CpG sites comprise one or
more CGls shown in Tables 1-4 {or one or more CpGs within at least a portion of a region in
Tables 1-4). Additional example CGls are disclosed in WO2018209361 (see Table 1) or
W02022133315 {sce Table 2 entitied “TOO Methylation Sites” and Table 3 entitled “Pan
Cancer Methylation Sttes™), each of which is hereby incorporated by reference in its entirety.
{00404} Additionally disclosed herein is 3 non-transitory computer readable medium
comprising instructions that, when executed by a processor, cause the processor to) generate
sequence information from target nucleic acids and sequence information from reference
nucleic acids, wherein the target nucleic acids and reference nucleic acids are obtamned from
one or more samples from an individoal; and combine the sequence information from the
target nucleic acids and the sequence information from the reference nucleic acids to gencrate
the signal informative of the health condition. In various crbodiments, the health condition is
acancer. In various embodiments, the health condition is an early stage cancer or preclinical
phase cancer.

{00405] In various embodiments, the target nucleic acids and reference nucleic acids are
obtained from a single sample. In various embodiments, the single sample is any one of a
blood sample, a stool sample, a urine sample, a mucous sample, or a saliva sample. In various
embodiments, the single sample previcusly underwent fractionation, wherein the target
nucleic acids arc obtained from a first fraction of the single sample, and wherein the reference
nucleic acids are obtained from a second fraction of the single sample. In various
embodiments, the target nucleic acids comprise cell free DNA (¢fDNA). In various
cmbodiments, the reference nucleic acids comprise genomic DNA from cells of the
mndividual. Tn various embodments, the cells of the mdividual comprise peripheral blood
mononuclear cells (PBMCs) or polymorphonuclear cells. In various embodiments, the target
nucleic acids and reference nucleic acids are obtained from different samples. In various
embodiments, the target nucleic acids are obtained from a blood sample, and wherein the
reference nueleic acids are obtained from a tissue sample. In various embodiments, the target
nucleic acids comprise cell free DNA (efBNA}. In various embodiments, the reference

nucleic acids comprise genomic BNA from cells of the individual.
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{00406} In various emboduments, the mstructions that cause the processor to combing the
sequence mformation from the target nucleic acids and the sequence information from the
reference miucleic acids further comprises instructions that, when executed by the processor,
cause the processor to align the sequence information from the target nucleic acids and the
sequence mformation from the reference nucleic acids. In various embodiments, the
mstructions that cause the processor to combine the sequence information from the target
nucleic acids and the sequence mformation from the reference nucleic acids further comprises
instractions that, when executed by the processor, cause the processor to detenmmne a
difference between the sequence information trom the target nucleic acids and the sequence
mformation from the reference nucleic acids. In various embodiments, the instructions that
cause the processor to combine the sequence information from the target nucleic acids and
the sequence information from the reference nucleic acids further comprises instructions that,
when executed by the processor, cause the processor to subtract the sequence information
from the reference nucleic acids from the sequence information from the target nucleic acids.
{00487} In various embodiments, the seguence information from the target nucleic acids
comprises methylation sequence mformation of the target nucleic acids, In various
embodiments, the sequence information from the reference nueleic actds comprises
methylation scquence information of the reference nucleic acids. In various embodiments, the
methylation sequence mformation of the farget nucleie acids and the methylation sequence
mformation of the reference nucleic acids both comprise methylation statases for a plurality
of genonic sites. In various embodiments, the plurality of genomis sites comprise a plurality
of CGls shown in Tables 1-4 {or one or more Cp(Gs within at least a portion of a region o
Tables 1-4). Additional example CGls are disclosed in WO2018209361 {(see Table 1) or
WO2022133315 (see Table 2 entitled “TOO Methylation Sites” and Table 3 entitled “Pan
Cancer Methylation Sites”), each of which is hereby incorporated by reference in its entirety.
{00408] In various embodiments, non-trassitory computer readable media disclosed berein
further comprise instructions that, when executed by a processor, cause the processor to:
determine a tissue of origin of the health condition using the signal informative of the health
condition. In various embodiments, non-transitory computer readable media disclosed herein
further comprise instructions that, when executed by a processor, cause the processor to:
determine progression of the health condition using the signal informative of the health

condition.
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{00409} Additionally disclosed herein is a svstem coraprising: a processor; a data storage
comprising sequence mformation from target nucleic acids and sequence information from
reference nucleic acids, wherein the target nucleic acids and reference nucleie acids are
obtained from one or more samples from an individual; a non-transitory computer readable
medium comprising instructions that, when executed by the processor, cause the processor to:
combine the sequence information from the target nucleic acids and the sequence information
from the reference nucleic acids to generate the signal informative of the health condition. In
various embodiments, the health condition is a cancer. n various embodiments, the health
condition is an early stage cancer or preclinical phase cancer. In various embodiments, the
target nucleic acids and reference nucleic acids are obtamed from a single sample. In various
crubodiments, the single sample 1s any one of a blood sample, a stool sample, a unine sample,
a mucous sample, or a saliva sample. In various embodiments, the single sample previously
underwent fractionation, wherein the target nucleic acids are obtained from a first fraction of
the single sample, and whercin the reference nucleic acids are obtamed from a second
fraction of the single sample. In various embodiments, the target nucleic acids comprise cell
free DNA (cfDNA). In various embodiments, the referenee nucleic acids comprise genomic
DNA from cells of the individual. In various embodiments, the cells of the individual
comprise peripheral blood mononuclear cells (PBMCs) or polymorphonuciear cells. In
various embodiments, the target nucleic acids and reference mucleic acids are obtained from
different samples. In various embodiments, the target nucleic acids are obtained from a blood
sample. and wherein the reference nucleic acids are chtained from a tissue sample. In various
embodiments, the target nucleic acids comprise coll free DNA (cfDNA). In various
embodiments, the reference mucleic acids comprise genomic DNA from cells of the
individual.

{00416} In various embodiments, the instructions that cause the processor to combine the
sequence mformation from the target nucleic acids and the sequence information from the
reference nucleic acids further comprises instructions that, when executed by the processor,
cause the processor to align the sequence information from the target mucleic acids and the
sequence mformation from the reference nucleic acids. In various embodiments, the
mstractions that canse the processor to combine the sequence formation from the target
nucleic acids and the sequence information from the reference nucleic acids further comprises
mstructions that, when executed by the processor, cause the processorto determine a

difference between the sequence information from the target nucleic acids and the sequence
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mformation from the reference nucleic acids. n various embodiments, the instructions that
cause the processor to combine the sequence information from the target nucleic acids and
the sequence information from the reference nucleic acids further comprises instructions that,
when exccuted by the processor, cause the processor to subtract the sequence information of
the reference nucleic acids from the sequence information of the target nucleic acids.

{00411} In various embodiments, the sequence information from the target nucleic acids
comprises methylation sequence mtormation of the target nucleic acids. In various
embaodiments, the sequence nformation from the reference vucleic acids comprises
methvlation sequence information of the reference nucleic acids. In various embodiments, the
methviation sequence information of the target nucleic acids and the methylation sequence
information of the reference nucleic acids both comprise methylation statuses for a plurality
of genomic sites. In vanous embodiments, the plurality of genomic sites comprise a plurality
of CGls shown n Tables 1-4 (or one or more CpGs within at least a portion of a region in
Tables 1-4}). Additional example CGls are disclosed in WO2018209361 (see Table 1) or
WO2022133315 (see Tabie 2 entitled “TOO Methylation Sites” and Table 3 entitled “Pan
Cancer Methylation Sites”}, each of whuch is hereby incorporated by reference in ifs entivety.
{80412} In various embodiments, systems disclosed heretn further comprise instractions that,
when exccuted by a processor, cause the processor 1o determine a tissue of origin of the
health condition using the signal informative of the health condition. In vanous
embodiments, syvstems disclosed herein further comprise mnstructions that, when executed by
a processor, cause the processor to: determine progression of the health condition using the
signal informative of the health condition.

{60413} Additionally disclosed herein 1s a kit comprising: a. equipment to draw one or more
samples from an individual; b. a set of detection reagents for generating sequence information
for target nucleic acids and sequence information for reference nucleic acuds in the one or
mare samples; and ¢, instructions for accessing computer program mstructions stored on a
computer storage medium that, when executed by a processor of a computer system, cause
the processor to: combine the sequence information from the target nucleic acids and the
sequence mformation from the reference nucleic acids to generate the signal informative of
the heatth condition. In various embodunents, the health condition i a cancer. In vanous
embodiments, the health condition 1s an early stage cancer or preclinical phase cancer.
{80414} In various embodiments, the target nucleic acids and reference nucleic acids are

obtamned from a single sample. In various emboduments, the single sample ts any one of a
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blood sample, a stool sample, a urine sample, a mucous sample, or a saliva sample. In various
embodiments, the single sample was previously fractionated, wherein the target nucleic acids
are obtained from a first fraction of the single sample, and wherein the reference nacleic acids
are obtained from a second fraction of the single sample. In various embodiments, the target
nucleie acids comprise cell free DNA (cfDNA). In various embodiments, the reference
nucleic acids comprise genomic BNA from cells of the mdividual. In various embodiments,
the cells of the individual comprise peripheral blood mononuclear cells (PBMCs) or
polymorphonuciear cells. fn various embodiments, the target nucleic acids and reference
nucleic acids are obtained from different samples. In various embodiments, the target nucleic
acids are obtained from a blood sample, and wherein the reference nucleic acids are obtained
from a tissue sample. In various embodiments, the target nucleic acids comprise cell free
DNA (¢fDNA}. In various embodiments, the reference nucleic acids comprise genomic DNA
from cells of the ndividual.

{00415} In various cmbodiments, the computer program instructions that cause the processor
to combine the sequence information from the target nucleic acids and the sequence
information from the reference nucleic acids further comprises instructions that, when
executed by the processor, canse the processor to align the sequence information from the
target nucleic acids and the sequence information from the reference nucleic acids. In various
embodiments, the computer program mstructions that cause the processor (o combine the
sequence information from the target nucleic acids and the sequence information from the
reference nucleic acids further comprises instractions that, when executed by the processor,
cause the processor to determmine a difference between the sequence information fror the
target nucleic acids and the sequence information from the reference nucleic acids. In various
embodiments, the computer program instructions that casse the processor to combine the
sequence mformation from the target nucleic acids and the sequence information from the
reference nucleie acids further comprises instructions that, when executed by the processor,
cause the processor to subtract the sequence information of the reference nucleie acids from
the sequence mformation of the target nucleic acids.

{00416} In various emboduments, the sequence information from the target nucleic acids
comprises methyvlation sequence mformation of the target nucleic acids. In various
embodiments, the sequence information from the reference nucleic actds comprises
methylation scquence information of the reference nucleic acids. In various embodiments, the

methylation sequence information of the target nucleic acids and the methylation sequence
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mformation of the refercnce nucleic acids both comprise methylation statuses for a plurality
of genontic sites. In various embodiments, the plurality of genomic sites comprise a plurality
of CGIs shown m Tables 1-4 {or one or more CpGs within at least a portion of a region in
Tables 1-4). Additional example CGls are disclosed in WO2018209361 (see Table 1) or
W{2022133315 (see Table 2 entitled “TOO Methylation Sites” and Table 3 entitled “Pan
Cancer Methylation Sites™), cach of which is hereby incorporated by reference in its entircty.
100417} In various cmbodiments, gencrating sequence information from the target nucleic
acids and sequence information from the reference nucleic acids comprises performing an
assay, wherein the assay comprises one or more of a. sequencing of target nucleic acids
and/or reference mucleic acids via targeted sequencing, whole genome sequencing, or whole
genome bisulfite sequencing; b. a nucleic acid amaplification assay; and ¢. an assay that
generates methylation information. In vanous embodiments, the nucleic acid amplification
assay is a PCR assay. In vanous embodiments, the PCR assay comprises a real-time PCR
assay, quantitative real-time PCR (gPCR) assay, digital PCR (dPCR) assay, allele-specific
PCR assay, or reverse-transcription PCR assay. In various erabodiments, generating sequence
information from the target nucleic acids and sequence information from the reference
nucleic acids comprises performing a target enrichment assay. In various embodiments, the
target curichment assay comprises hybrd capture.

{3041 8] In various embodiments, performing the assay comprises: obtaining bisulfite
converted target nucleic acids and/or reference nucleic acids; and selectively amplifying
target regions of the bisulfite converted target nucleic acids and/or reference nucleic acids. In
various embodiments, performing the assay furtber comprises: deternuiog quantitative
values of sequences of the amplicons comprising the amplified target regions to generate the
sequence tnformation of the target nucleic acids and/or sequence wformation of the reference
nucleic acids. In various embodiments, the quantitative values comprise cycle threshold (Ct)
values. In various crobodiments, performing the assay further cormaprises: scquencing
amplicons comprising the amplified target regions to generate the sequence mformation of
the target nucleic acids and/or sequence information of the reference nucleic acids.

{00419} In various embodiments, the target regions comprise previously wdentified regions
that are differentially methylated in presence of the health condition. In varions embodiments,
the target regions comprise one or more CGls shown in Tables 1-4 {or one or more CpGs
within at feast a portion of a region in Tables 1-4). Additional example CGls are disclosed in
WO2018200361 (see Table 1) or W02022133315 (see Table 2 entitled “TOO Methylation
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Sites” and Table 3 entitled “Pan Cancer Methylation Sites™), each of which is hereby
mcorporated by reference in its entirety. In vanous embodiments, the computer program
mstractions further comprise wstructions that, when executed by a processor, cause the
processor to: determine a tissue of origin of the health condition using the signal mformative
of the health condition. In vanious embodiments, the computer program instructions further
comprise nstractions that, when executed by a processor, cause the processor to: determine
progression of the health condition using the signal informative of the health condition.
{00420} Additionally disclosed herein is a kit of identifying a cancer signal from an
mdividual, the method comprising: a. equipment to draw one or more samples from an
mdivideal, wherein the one or more samples comprise ¢fDNA and 2 PBMC DNA: b. aset of
detection reagents for determining methyviation statuses at a plurality of Cp@ sites of the
cfDNA and the PBMC DNA; and c¢. mnstructions for accessing computer program instructions
stored on a computer storage medium that, when executed by a processor of a computer
system, cause the processor to: compare the methylation status at the plurality of CPG sites of
the cfDNA and the PBMC DNA to generate the signal informative of the health condition. fn
various embodiments, the methylation status was determined from sequencing or nucleic acid
amplification. In various embodiments, the nucleic acid amplification comprises a PCR
assay. In vanious embodiments, the PCR assay comprises a real-time PCR assay, quantitative
real-time PCR {(gPCR) assay, digital PCR (dPCR) assay, allele-specific PCR assav, or
reverse-transcription PCR assay. In various embodiments, the CPG sites comprise previcusly
identified CPG sites that are differentially methylated in presence of the health condition. In
various embodiments, the CpG sites comprise one or more CGls shown i Tables -4 {one or
more Cpls within at least a portion of a region in Tables 1-4). Additional example CGls are
disclosed in WO2018209361 (sec Table 1) or W0O2022133315 (sec Table 2 entitied “TOO
Methylation Sites” and Table 3 entitled “Pan Cancer Methvlation Sites™), each of which is

bereby mcorporated by refercnce n tis entirety.

EXAMPLES
{30421 Below are examples of specific embodiments for carrving out the present invention.
The examples are offered for illastrative porposes only and are not intended to limit the scope

of the present invention in any way. Efforts have been made to ensure accuracy with respect
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to mumbers used {¢.g.. percentages, ¢tc.}, but some experimental error and deviation should

be allowed for.

Example 1: Example Scenario involving a 2-tier analysis using a single bisod
sollection

004221 FIG. 6A shows a first example process involving a condition analysis system {e.g,
condition analysis svstemn 170 shown in FIG. 1B) for performing a multiple tier analysis.
Here, the process involves a single blood collection from a patient. The multiple tier analysis
is then performed on the blood samples obtained from the patient during the single blood
collection.

{80423} Specifically, as shown in FIG. 6A, a patient 1s identified and clinical data of the
patient is provided to the condition analysis system. Multiple blood samples are collected
from the patient. FIG. 6A shows that four separate tubes of blood are collected and sent to
the condition analvsis svstem. The blood collection can be performed by a thurd party (e.g.,
on site at a reference lab, or at home}. The condition analysis system processes the four
blood samples by conducting an assay to generate methylation data. The condition analysis
svstem performs a screen {e.g., “Test |7 in FI1G. 6A) of the patient using the methylation data
to determine whether the patient is at risk of a health condition, such as cancer.

{80424} I the patient is determined to not be at risk of cancer, then the patient does not
undergo a second analysis. Alternatively, as shown in FIG. 6A, if the patient is determined to
be at risk of cancer, then at least a second analvsis {e.g., “Test 27) s performed. Here, the
condition analvysis system performs a second assay, such as whole genome bisalfite
sequencing, and a second analysis to determine whether the patient at risk of cancer has a
detectable presence of cancer. The second analysis further reveals a tissue of origin of the
cancer. The condition analysis system diagnoses the patient with cancer, and therefore, the

patient andergoes further monitoring and/or treatment.

ple Scenario involving a two-tiered blood collection and festing

ample 2

{00423} FIG. 6B shows a second example process involving a condition analysis system for
performing a multiple tier analysis. Here, the process involves a two different blood
collections from a patient. The multiple tier analysis is then performed on the blood samples
obtamned at different timepoints from the patient. To particular, a first assay and the screen are
performed using blood samples obtamed from the patient at a first timepoint. A second assay
and the second analysis are performed using blood samples obtained from the patient at a

second timepoint.

165



WO 2023/147567 PCT/US2023/061606

100426} Spectfically, as shown in FIG. 6B, a patient 15 identified and clinical data of the
patient s provided to the condition analysis system. A blood sample is collected from the
patient. FIG. 6B shows that a single tube of blood is collected from the patient and seni to
the condition analvsis svstem. The blood collection can be performed by athurd party (e g,
on site at a reference lab, or at home). The condition analysis system processes the blood
sample by conducting an assay to generate methylation data. The condition analysis system
performs a screen {e.g., “Test 17 1n FIG. 6B} of the patient using the methylation data to
deternune whether the patient is at tisk of a health condition, such as cancer.

{80427} I the patient is determined to not be at risk of cancer, then the patient does not
undergo a second analysis. Alternatively, as shown in FIG. 6B, if the patient 15 determined to
be at risk of cancer, then an indication is provided that identifies that the patient s at risk of
cancer. Thus, the patient subsequently attends a follow-up vistt {e.g., with an oncologist),
during which blood samples are obtained from the patient at a second timepoint. FIG. 6B
shows that 4 tubes of blood are obtained from the patient and sent to the condition analysis
system for analysis. Here, the condition analvysis systema performs a second assay, such as
whole genome bisulfite sequencing, and a second analysis to determine whether the patient at
risk of cancer has a detectable presence of cancer. The second analysis further reveals a tissoe
of origin of the cancer. The condition analysis system diagnoses the patient with cancer, and

therefore, the paticnt undergoes further monitoring and/or treatment.

Example 3: Example scenario invelving third party processing of samples
obiained via a two tiered blood collection

[00428] FIG. 6C shows a third example process involving a condition analysis system for
performing a multiple tier analysis. Here, the process involves a two different blood
collections from a patient. The multiple tier analysis is then performed on the blood samples
obtained at differcnt timepoints from the patient. Additionally, a thied party is involved in the
processing of blood saraples obtained from the pationt.

[00429] Specifically

v, as shown m FIG. 6C, a patient 1s identified and clinical data of the
patient 1 provided to the condition analysis system. A blood sample is collected from the
patient. F1G. 6C shows that a single tube of blood is collected from the pationt and seotto a
third party. The blood collection is performed on site at a reference lab, or at home. The
third party processes the blood sample by conducting an assay to gencrate methylation data.

The third party sends the methylation data to the condition analysis system. The condition
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avalysis system performs a screen {e.g., “Test 17 10 FIG. 58) of the patient using the
methvlation data to determine whether the patient is at risk of a health condition, such as
cancer.

{00430] If the paticot is determined 1o not be at risk of cancer, then the patient does not
undergo a second analysis. Aliernatively, as shown in FIG. 6C, 1t the patient 18 determined to
be at risk of cancer, then an indication is provided that identifics that the patient is at risk of
cancer. Thus, the patient subsequently attends a follow-up visit {¢.g., with an oncologist),
during which blood samples are obtained from the patient at a second timepoint. FIG. 6C
shows that 4 tubes of blood are obtained from the patient and sent to the condition analysis
system for performing a second assay. Alternatively, the tubes of blood can be sent to the
third party such that the third party performs the second assay. Here, the second assay
mvolves whole genome bisulfite sequencing. The condition analysis svstem obtains
methylation data from the second assay {either performed by the condition analysis system or
performed by a third party}. and the condition analysis system performs the second analysis
to deternune whether the patient at risk of cancer has a detectable presence of cancer. The
second analysis further reveals a tissue of origin of the cancer. The condition analysis system
diagnoses the patient with cancer, and therefore, the patient undergoes further monitoring
and/or treatment.

Example 4: Overall performance of two-tier screeninge and diagnosis of patients
with protstate cancer

{00431} FIG. 6D shows example performance of different tiers of the multiple tier analysis
for diagnosing mdividuals with a health condition {¢.g_, prostate cancer). Here, the process
begins with 19 million individuals who underwent testing. At a 2% incidence rate, of the 19
million individuals, 380,000 are true positives, and 18.6 million are true negatives.

{80432} The multi-ticred analysis involves performing a screen by analyzing methylation data
{sencrated via an assay) of the patients. Here, the screen is designed to achieve 80%
sensittvity and 95% specificity, thercby wdentifying 1.2 million out of the original 19 million
mdividuals as at risk for prostate cancer. Additionally, the screen identifies 17.8 nulhion out
of the original 19 million individuals as not at risk for prostate cancer. Thus, these 17.8
noiblion individuals need not undergo further avalysis. Altogether, the screen achicves a 25%
positive predictive rate and a 9% negative predictive rate.

{08433} The 1.2 sullion individuals identifies as at risk for prostate cancer further undergo a

second test in the form of the second analysis. The second analysis achieves a 90% sensitivity
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and a 95% specificty. Of the 1.2 million individuals, ~320,000 individuals are 1dentified as
having prostate cancer. This represents a 85% positive predictive rate as 273,600 imdividuals
were true positives and 47,000 were false positives. Additionally, the second analysis
wdentifics 945,000 negatives, of which 884,430 were true negatives, and 30,400 were false
negatives, thereby representing a 97% negative predictive value.

{00434} Altogether, the overall performance of the molti-tier screen and second analysis
mclades 72% sensitivity, 99.9% specificity, 85% positive predictive value, and 99.4%
negative predictive value,

{00435} Example steps for performing the multiple-tier analysis shown in FIG. 6D are
detailed below.

Prepare target specimen

{08435] The target specimen type (e.g. DNA, RNA, protemn, exosomes, metabolites, ete ) is
1solated from a patient’s biological source {e.g. tissue, blood, plasma, serum, saliva, feces,
etc.). That specimen can be isolated by a CRO or private or service laboratory or hospital or
isolated tnternally using an internal procedure. Target speciiens are assayed for quality and
gquantity measurements,

Phase 1 testing
{00437] Phase | testing is a relatively quick, non-1uvasive assay with simple technology,
using small amounts of the target specimen. The result of this assay can be both qualitative
and guantitative. Phase 1 testing is typically lower specificity {e.g. 95% specificity, 5% false
positives) but higher sensitivity (e.g. 80% sensitivity, 20% false negatives) in order to screen
a large proportion of the testing population rapidly and nexpensively. The phase | assay will
overall increase the incidence of the target population (e.g. diseased) for the phase 2 assay,
which will then increase the positive predictive value (PPV). Examples of the Phase 1 assay
mnchude but are not limited to ELISA assays, PCR assays, Real-time PCR assays, Quantitative
real-time PCR {gPCR) assays, Allele-specific PCR assays, Reverse-transeription PCR assays

and reporter assays.

{80438} Phase 2 testing is a more complex, potentially invasive assay with complex
technology, potentially using larger amounts of the target specimen. The resolt of this assay is
both qualitative and quantitative. Phase 2 testing is typically higher specificity (c.g. 95%
specificity, 10% false positives) but lower sensitivity {e.g. 90% sensitivity, 10% false

negatives) in order to lnit false positives. By screening out a large volume of the testing
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population, the target population has higher target incidence than the general population,

which increases positive predictive value (PPV).

Phase 2 Protocol

{00439} Examples of the phase 2 assay include but are not limisted to Next Generation
Seguencing assays utilizing target enrichment technologies, targeted amplicon sequencing
technologies, whole genome sequencing, and whole genome bisulfite sequencing.

{00440} The target specimen for bibrary construction ts dsDNA 1solated from formalin~fixed
paraffin-embedded (FFPE) tissue. Alternatively, ¢fDNA 15 isolated from blood. For FFPE,
the dsDINA is first mechanically sheared by the Covans instrument utilizing adaptive focused
acoustics {o a target insert size of 200 base pairs. Post-shearing, a solid-phase reversibie
mamobilization (§PRI} selection is done to remove smaller DNA fragments remaining in
solation. For blood DNA |, ¢fDNA 1s i1solated. The fragmented DNA 1s then end-repaired and
A-tailed (ERAT) to produce 5 -phosphorylated, 3" -dA-tatled dsDNA fragments. Afier ERAT,
dsDMNA umique dual index adapters with 37-dTMP overhangs arc then ligated to 3°~dA-tailed
dsDNA fragments. Indices allow for sample multiplex for the downstream assay. Post-
ligation, a solid-phase reversible immobilization {(SPRI) selection is done to remove
unwanted DNA fragments, excess adapters and molecules. PCR amplification is performed
with a high-fidelity, low-bias polymerase at 10 cycles. Post-PCR, a SPRI selection 1s done to
remove unwanted DNA fragments, excess primers, excess adapters and excess molecules.
After hibrary construction, the library quality and quantity are evaluated using the Agilent
TapeStation and Qubit Fluorometer, respectively.

{00441} Libraries that pass guality control checks move forward to target enrichment through
hybridization capture. Target enrichment by hybridization capture is defined as a positive
selection strategy to cnrich low abundance regions of interest from NGS libraries, atlowing
for more accurate sequencing analysis of these target regions. Indexed librarics are mulii-
plexed and hybnidized to a custom, sequence specific, biotinylated probeset. The vast excess
of probes drives their hybridization to complementary library fragments. The library
fragment-biotinylated probe hybud is pulled down by streptavidin beads, therchy capturing
the target regions of interest. The streptavidin bead-bound library is sequentially washed with
buffers to remove non-specifically associated library fragments. Following washes and
recovery of captured libraries, samples are enriched for on target fragments and depleted for
off-target fragments. Depletion of off-target fragments reduces overall library vield, requiring

post-capture librarv amplification by PCR. The final amplified hibrary is euriched for regions
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of interest. The hybrid captured library quality and quantity is evaluated using the Agient
TapeStation and Qubit Fluorometer, respectively. Additionally, the enrichment efficiency is
evaluated using an 15¢q Sequencing run and calculation of percent of reads within target
enrichment panel. Measuring percent on-target is a good first approximation of target
enrichment efficiency because the reads aligning to the target ennchment (bait) region
mdicate efficient hyvbridization and subsequent capture.

100442} Target enriched libraries that pass quabity control checks move forward to NovaSeq
sequencing. Captured hibraries with non-overlapping indices from library construction are
pooled to multiplex for sequencing. Sequencing is completed on the NovaSeq 6000
mstrument using paired end 150x130 base sequencing with a 10% PhiX spike-in. Sequencing
data generated is then demultiploxed utilizing the assigned index, aligned to the human

genome and trimmed to enrich for insert sample data onlv. This cleaned-up data is then

processed through a guality pipeline to collapse duplicate reads and evaluate the sequencing
data generated. Once the data is collapsed, the data is processed through a proprictary
biomarker analysis pipeline to wdentify differences from the reference alignment {e.g.
mutations, chemical modifications, etc}. A report is then generated with the specific
biomarker analysis per sample that confirms the results of the phase [ assay or identifies true

false positives from the phase I assay.

Phase 1 Profocol:

{00443] An example protocol of an Allele-specitic Real-Time PCR assay is as follows:

1. This assay rans DNA samples in triplicate with 2Zng input in Sul. for the reference and

mutation assays.

Combine 900nmol/L. unspecific primer(s), 100nmol/L target probe(s), 2X polymerase

enzyme(s), 2X dNTPs, 2X passive reference dves, 10ul. water and 2ng sample DNA at a pre-

specified reaction volume as the reference control assay.

3. Combine 450nmol/L. allcle-specific primex(s), 100nmolL target probe(s), 2X polymerase

enzyme(s), 2X dNTPs, 2X passive reference dyes, H0ul. water and 2ng sample DNA at a pre-

specified reaction volurne as the routation assay.

Mix each reaction 10X and centrifuge to collect volume at the bottom of the well or tobe.

Reon the real-ime PCR on a calibrated Real-Time PCR system under the following

conditions: (1) 25°C for 10 minutes followed by (2} 50 cycles of 90°C for 1§ seconds and

60°C for T minute with fluorescence detection using FAM/VIC fluorophores.

6. Cvcle threshold (Ct) values are recorded by the svstern and exported into an analysis program
(e.g. Excel).

7. Average the Ct values between sample replicates for the reference and rmontation assavs,

% Calculate the ACt between the saraple average allele-specific Ct minus the sample average
unspecific (reference) Ct

9. Positive putation results are identified by the ACt cut off > 3 cycles and will move forward
o phasc 2 testing.

o]

v
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{00444} Allele-specific real-time PCR can be performed by combining library DNA with
PCR reagents and primers specific for target sequences. The primers are designed to have
single-base discrimination between tumor and non-tamor sequences. Perform real-time PCR
{or digital PCR) for 30-50 cycles and monitor the output for signal via fluorescence from
amplified target DNA or probe sequence. Cvele threshold values (Ct) are recorded and
exported for analysis. The delta-Ct between negative control, positive control, and sample are
calculated to determine presence or absence of target tumor sequences. Slight modifications
of this protocol will allow for end~point PCR detection of RNA or DNA of tumor sequences.
Phase 1 detection will be designed to remove 90-93% of non-cancer patient samples from
moving forward for further testing.

{00445} ELISA assay detection of target molecules can be performed by coating an
wnmunoassay well with monoclonal antibody designed to specifically detect target
molecules, followed by blocking against non-specific binding. Next, target sample is
introduced to the well, incubated and washed away. Any bound target can then be bound by a
polyclonal antibody specific for the target. Additional secondary antibodies with color or
fluorescent tags can be used to detect the presence of target molecules.

nierpreting resuity for phase { and phase 2 assays
{00446} Two positive signals from the phase 1 assay and phase 2 assay can be determined as

a trug positive sample with an 85% probability of being accurate.

{08447} One negative signal from the phase 1 assay can be determined as a trae negative
sampie with a 99% probability of being accurate.

{00448} Oue positive sigual from the phase 1 assay and one negative signal from the phase 2
assay can be determined as an indeterminate sample with a 97% probability of a false
positive i phase 1 assay.

Example 5: Two-tier Analysis Achieves Improved Performance in Comparison
to Single Tier Analysis

{00449} Samples were obtained from patients of a patient population with an assumed 1.3%
cancer prevalence. Intotal, 1046 samples obtained from the patients underwent either a
single tier analysis or a two-tier analysis. The performance metrics {as measured by
specificity, positive predictive value (PPV), and negative predictive valug (NPV}) of each of
the methodologies were determined.

{08458] Reforence is now made to FIG. 7, which depicts performance of a single tier and
two-tier analysis of a population involving 1046 samples. The Tier 1 analysis focused on

analyzing signal from a subsct of the 4059 CGls shown in Tables 2 and 3. ¥n particular, 130
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regions were analyzed to estimate tumor content according to mothylation statuses of the
regions, and estimated tumor content was used to distinguish patients that were negative or
not negative for cancer. Logistic regression was performed to assess performance at 90%
specificity {e.g., true negative rate reported as a proportion of correctly identified negatives).
Performance was estimated to be about 63% sensttivity. For the single tier analysis
(including only the Tier I analysis), it achieved a PPV {defined as mumber of true positives
divided by the sum of true positives and false positives) of 0.0761 and a NPV (detined as true
negative rate divided by the sum of true negatives and false negatives) of 0.9946. Thus, the
single tier analysis was capable of successfully screening out a large proportion of samples
that were negative for cancer. However, based on the low PPV, if had room for improvement
i identifying samples that were true posttives. The single tier analysis {including only a Tier
2 analysis) was additionally performed. Specifically, for each sample, signal of the 4059
CGls was analyzed osing a machine learning algorithm to distinguish samples having a
cancer signal from samples not having a cancer signal. The single tier (Tier 2 analysis)
achieved a PPV of 0.1858 and a NPV of 0.996%. Thus, the more costly Tier 2 analysis
achieved a higher PPV 1n comparison to the less costly Tier 1 analysis without sacrificing the
NPV metric.

{00451} Referring to the two-tier analysis, it involved performing the Tier 1 analysis
{analyzing subset of top features) and samples deemed 1o be negative for cancer were
screened out. An additional Tier 2 analysis was then performed. Specifically, for each
sampie, signal of the 4059 CGls were analyzed using a machine learning algorithm to
distinguish samples having a cancer sigoal from samples not having a cancer signal. Here,
the Tier 2 analysis achieved a high specificity of 96%. For the two-tier analvsis (including
both the Tier 1 and Tier 2 analyses), the methodology achieved a PPV {defined as mumber of
trie positives divided by the sum of true positives and false positives) of 0.2421 and a NPV
{defined as true negative rate divided by the sum of true negatives and false negatives) of
$.9942. Here, the two-tier analvsis exiubited a sigmficant improvement in comparison to the
single-ticr analysis. Specifically, the two-ticr analysis achicved a higher specificity (e.g.,
96% versus 90%). Furthermore, the two-tier analysis exhibtted an taproved PPV (0.2421

versus 0.0761) without adversely tapacting the NPV (0.9942 versus 0.9940).
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Examnple 6: Two-tier Test Consumes Fewer Resources in Comparison to Single-

{ier Test

{00452} Generally, when mmplemented to analyze a population of patients, the Two-tier tost
consumes fewer resources than a single-tier test with comparable performance. For example,
consider a “Tier 17 only test that achieves 80% sensitivity and 95% specificity. Such a Tier 1
only test would cost §X. Further, consider a “Tier 27 test, the Tier 2 test achieving 90%
sensitivity and 95% specificity. Such a Tier 2 test would cost 83X (¢.g., three times the cost
of a Tier 1 only test). Here, assume that a single-tier test would only mplement a Tier 2 test
{costing $3X) whereas a two-tier test would implement both a Tier | test (costing $X) and a
Tier 2 test (further costing $3X). Thus, on uts face, the two-ticr test would be more expensive
than a single-tier test. I a patient population of 1 million patients are tested, with the patient
population having a population incidence of 2%, then the corresponding costs for a single-tier
test and a two-tier tost would be:

- Single-tier test:
o 1 million subjects tested by Tier 2 test costing $3X. Hence, total cost would be
$3 miflion times X.
- Two-tier test:
o | million subjects tested by Tier | test costing $X. Hence total cost of Tier 1
test would be $1 million times X.
o Tier 2 test would be implemented for
®  True positives (1M*0.02%0.80) tested by Tier 2 tost costing $3X, or
$0.048M times X.
= False positives (1M*0.98%0.05) tested by Tier 2 test costing $3X, or
$0.147M times X
o Thus, the total two-tier test cost for population of | million subjects =
$1.193M times X.
100453} Altogether, mplementation of the two tier test achioves an approximate 60% in

savings of cost and resources {o.g., $1.195M(X) / $3M(X} = 0.40}. This Example
demonstrates the improved performance of the two-tier test as a function of resource

consumption in comparison to the single-tier test.

Example 7: Example 6-tier analysis

{88454} In this example, reference is made to FIG. 8, which depicts an example 6-tier
analysis. Here, tier | is a cheaper and rapid test that achicves high sensitivity and low
specificity. Individuals that are determined to be not negative move on to tier 2, which
mvolves a more costly and more rigorous test. Here, the tier 2 test can achieve both high

sensitivity and high specificity. Example tier 1 and ticr 2 tests are described herein.
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1004535} Individuals that are identified as posttive {¢.g., having a health condition) tollowing
tter 2 can undergo standard of care (8O} treatment, examples of which include an image
scan {¢.g., magnetic resonant imaging {(MRI) scan, computed tomography {CT) scan}, a tissue
biopsy, a fluid test, or a companion diagnostic.

{30456} The tier 3 test {e.g., shown as both Tier 3A and Tier 3B) generally refersto a
longitadinal analysis that tracks the development or progression of the health condition in the
individual. For example, the Ticr 3A test can be the same test as performed for Tier 2. Thus,
if it is determined that the signal representing presence of the health condition is increasing in
the subject {(based on the results of the Tier 3A and Tier 2 tests), then further fests can be
performed (e.g., Tier 3 test} and/or a therapeutic can be provided to the individaal.

{00457} At tier 4, an analysis is performed to determine therapeutic targets that may be
modulated to treat the health condition m the subject. As an example, a companion
diagnostic can be applied to determine the likely therapeutic targets for the subject. Tier 3
includes providing a treatment to subject to treat the health condition. As shown in FIG. &,
exarmple treatments can be treatments that are personalized for the subject (e.g., neoantigen
vaceme). Another example of a treatment can be a standard of care treatment, such as a FDA
approved cancer treatment. Tier 6 involves farther monitoring the individual for mintmum
residual disease (MRD). Presence of MRID can be indicative of a recurrence of the health
condition and therefore, the subject may need to undergo further treatment if such a

recurrence is detected.

cting an Intra-Individual

Analvsis
{00438} Blood samples are obtained from mdividuals. FIG. 9 shows an example sample from
which target nucleic acids and reference nucleic acids are obtained. Shown on the left in
FIG. 9 1s a tube of blood obtained from an individual, the tube including diluted peripheral
blood of the mdividual and separation mediwm. The tube undergoes centrifugation o
separate different components of the diluted peripheral blood. For example, at a speed of
2200 rpm, the diluted peripheral blood is fractionated into plasma (inchuding platelets,
cvtokines, hormones, and electrolytes), peripheral blood mononuclear cells (PBMCs), the
separation medium, and polvmorphonuclear cells. Here, target nucleic acids in the form of
cell free DNA is found in the plasma whereas reference nucleic acids in the form of cellalar

genomic BNA is found in PBMCs.
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100459} Examples of an assay for generating sequence information from the target nucleic

acids and the reference nucleic acids inchude but are not linuted to Allele-specific PCR

assays, Next Generation Sequencing assays, such as target enrichment technologies, targeted

amplicon sequencing technologies, and whole genome sequencing.

{00460 An example protocol of an Allele-specific Real-Time PCR assay 1s as follows:

1.

o

(5]

=4

This assay rans all cfDNA samples in triplicate with 2ng input in Sul for the reference and
hypemmethylation assays.

Combine 900nmol/L unspecific primer(s), 100nmol/L {arget probe(s), 2X polymerase
enzyme(s), 2X dNTPs, 2X passive reference dves, 10ul. water and 2ng sample DNA at a pre-
specified reaction volume as the reference control assay.

Combioe 450nmel/L allele-spacific primer(s), 100nmol/L farget prabe(s), 2X polymerase
enzyme(s), 2X dNTPs, 2X passive reference dyes, [0ul. water and 2ng sample DNA at a pre-
specified reaction volure as the mutation assay.

Mix each reaction 10X and centrifusge to collect volume at the bottom of the well or tobe.
Reon the real-ime PCR on a calibrated Real-Time PCR system under the following
conditions: (1) 95°C for 10 minutes followed by (23 50 cycles of 90°C for 1§ seconds and
60°C for 1 minute with fluorescence detection using FAM/VIC fluorophores.

Cycle theeshold (Ct) vahies are recorded by the sysient asd exporied indo an analysis program
(e.g. Excel).

Average the Ct values between sample replicates for the reference and mutation assays.
Calculate the DCt between the sample average allele-specific Ct minus the sanple average
unspectfic (reference) Ct.

Positive hypermethylaton results are identified by the DCtcut off > 3 cycles and will be

compared to the patiends individual PBMC natural signal.

08461 An example protocol of an Allele-specific Real-Time PCR assay is as follows:

Allele~specific real-time PCR can be performed by combining library from ¢fDNA with PCR

reagents and primers specific for target sequences. The primers are designed to have simgle-

base diserimination between tamor and non-tumor sequences. Perform real-time PCR (or

digital PCR) for 30-50 cycles and monitor the output for signal via fluorcscence from

amplified target DNA or probe sequence. Cycle threshold values (Ct) are recorded and

exported for analysis. The delta-Ct between negative control, positive control, and sample are

calculated to determine presence or absence or absence of target tumor sequences. Shight

modifications of this protocol will allow for end-point PCR detection of RNA or DNA of

Tmor SSquenees.
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100462} An cxample protocol of a next gencration sequencing (NGS) Target Enrichment
assay is as follows: The target specimen for library construction 1s dsDNA isolated from
PBMCs. The dsDNA is first mechanically sheared by the Covans instrument uttlizing
adaptive focused acoustics to a target insert size of 200 base pairs. Post-shearing, a solid-
phase reversible immobilization (SPRI) selection is done to remove smaller DNA fragments
remaining in solution. The fragmented DNA is then end-repaired and A-tailed (ERAT) to
produce 5 -phosphorylated, 3 -dA-tailed dsDNA fragments. After ERAT, dsDNA unique
dual index adapters with 3°~-dTMP overhangs are then ligated to 3" -dA~tatled dsDNA
fragments. Indices allow for sample multiplex for the downstream assay. Post-ligation, a
solid-phase reversible immobilization (SPRI) selection is done to remove anwanted DNA
fragments, excess adapters and molecules. PCR amplification is performed with a hugh-
fidelity, low-bias polymerase at 10 cycles. Post-PCR, a SPRI selection is done to remove
unwanted DNA fragments, excess primers, excess adapters and excess molecules. After
library construction, the library quality and quantity arc evaluated using the Agilent
TapeStation and Qubit Fluorometer, respectively.

{80463} Libranes that pass quality control checks move forward to target enrichment through
hybridization capture. Target enrichment by hybridization capture is defined as a positive
selection strategy to cnrich low abundance regions of interest from NGS librarics, allowing
for more accurate sequencing analysis of these target regions. Indexed libraries are mult-
plexed and hybridized to a custom, sequence specific, biotinylated probesct. The vast excess
of probes drives their hybridization to complementary library fragments. The library
fragment-biotinyvlated probe hybrid is pulled down by streptavidio beads, therchy capturing
the target regions of interest. The streptavidin bead-bound library is sequentially washed with
buffers to remove non-specifically associated library fragments. Following washes and
recovery of captured libraries, samples are enriched for on target fragments and depleted for
off-target fragments. Depletion of off-target fragments reduces overall hibrary vield, requining
post-capture library amplification by PCR. The final amplified library 1s enriched for regions
of interest. The hybrid captured library quality and quantity is evaluated using the Agilent
TapeStation and Qubit Fluorometer, respectively. Additionally, the enrichment efficiency s
evaluated using an 189eq Sequencing rnun and calculation of percent of reads within target
enrichment panel. Measuring percent on-target is a good first approximation of target
cnrichment efficiency because the reads aligning to the target enrichment {bait) region

ndicate efficient hyvbridization and subscquent capture.
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00464 Target enriched libraries that pass quality control checks move forward to NovaSeq
sequencing. Captured hibranies with non-overlapping indices from library construction are
pooled to multiplex for sequencing. Sequencing is completed on the NovaSeq 6000
mstrument using patred end 150x150 base sequencing with a 10% PhiX spike-in. Sequencing
data generated is then demultiplexed utilizing the assigned index, aligned to the human
genome and trimmed to enrich for insert sample data only. This cleaned-up data is then
processed through a quality pipeline to collapse duplicate reads and evaluate the sequencing
data generated. Once the data is collapsed, the data is processed through a proprictary
analysis pipeline to dentify differences from the reference alignment (e g. mutations,
chemical modifications, etc.). A report is then generated with the specific signal informative

for determining presence or absence of 3 health condition.

Example 9: Example Selection of Informative Biomarkers for Low-cost First

Tier Approach
{08465} To dentify informative biomarkers for the first tier of the multi-tier approach, a first
step involves defining a starting set of candidate biomarkers. Exemplary biomarkers include
Cp sites {e.g., all Cp( sites in the genome), a set of CGls (e.g., 4059 CGlIs), genes {e.g., all
known genes or a subset of all known genes), proteins {¢.g., all known protein or a subset of
all known proteinsg). nucleic acids {¢.g., all known coding or non-coding nucleic acids), and
metabolites {¢.g., all known metabolites or a subset of all known metabolites).
{80466} Next, the method involves identifyving a signal for cach biomarker across healthy
samples, such as healthy normal tissue or non-cancer cell free DNA samples. The nomber of
healihy samples is selected to be representative of the population, such as between 50-200
samples,
{00467} Additionally, the method involves identifying a signal for cach biomarker across
cancer samples, such as a cancer biopsy or ¢fDNA from patients with cancer. Generally, the
signal for an iformative biomarker is present across the cancer samples. The cancer samples
can be multi-cancer samples or can be specific to a single cancer indication.
{00468} Next, the biomarkers undergo rank ordering according to the following factors:
- Dnfference in signal {(c.g., difference between signal from healthy and signal from
cancer, or difference between signal from a particular cancer and signal from samples
other than the particular cancer {¢.g., healthy and/or other types of cancer

indications)).
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- Significance {¢.g.. statistical test + p-value) in distinguishing samples (e.g.,
distinguishing between healthy and cancer, or difference between particular cancer
samples and samples other than the particular cancer {¢.g., healthy and/or other types
of cancer indications}).

- Importance of each biomarker after running a cancer prediction algorithm

{08469} The top biomarkers are selected for inclusion in the tier 1 testing. For example, a
range of the top 10-200 biomarkers are selected for inclusion in the tier | testing. The
performance of biomarkers selected for inclusion in the tier | testing achieve a desived fevel
of sensitivity at a given specificity. For example, biomarkers selected for inclusion in the tier

1 testing achieve at least 90% sensitivity at a given specificity between 85-90%.
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TABLE 1 - List of CGls
Pos {hgld coordinates)
chri3:108518334-108518633
chr6:137242315-137245442
chrZ:177016416-177016632
chr5:2738953-2741237
chr4:111553079-111554210
chr15:96909815-96910030
chrf:42072032-42072701
chriD:123922850-123923542
chrl6:86612188-86613821
chri9:47151768-47153125
chri:110610265-110613303
chr5:3594467-3603054
chr9:126773246-126780953
chr3:138656627-1386538107
chr4:4859632-4860191
chri0:118895963-11883R8037
chr7:103086344-103086840
chri9:407011-409511
chri0:22764708-22767050
chrl6:86549063-86550512
chr9:96713326-96718186
chr8:139508795-138503774
chr2:73143055-73148260
chr8:26721642-26724566
chr9:129386112-129389231
chri2:49483601-43484255
chrib:54325040-54325703
chr8:72468560-72469561
chri8:70533865-70536871
chr9:98111364-98112362
chri:50882997-50883426
chri0:88122924-88127364
chr11:31835363-31839813
chrif:101290025-101230338
chr6:41528266-41528900
chri6:51183629-51188763
chr5:140346105-140346931
chr8:23820691-23822135
chr20:690575-6310%9
chri:177133392-177133846
chr5:45695394-45696510
chr2:45395869-45398186
chr20:48184193-48184833
chr6:6002471-6005125
chrid:101192851-101193499%
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chr8:4843968-4852635
chr:53851701-53854426
chr12:186863-187610
chr5:54519054-54519628
chr6:108485671-108490539
chr3:157815581-157816085
chril:626728-628037
chr2:177012371-177012675
chri7:59531723-58535254
chr15:55364823-55365485
chr8:99260497-99961438
chr7:42267546-42267823
chrl7:14202632-14203258
chr10:102891010-102891794
chr5:174158680-174159729
chr14:33402094-33404078
chr2:177036254-177037213
chrl0:106399567-106402812
chr6:166579973-166583423
chrl11:123066517-123066386
chrl1:44327240-44327932
chrl4:95237622-95238211
chr9:102590742-102591303
chrl5:76630029-76630370
chrd:24801109-24801902
chr8:97168731-97170432
chr3:6902823-6503516
chr22:43384884-48887043
chr15:45408573-45409528
chr2:100610626-100611517
chrd:174448333-174448845
chrl6:20084707-20085305
chrd:174439812-174440249
chr6:10381558-10382354
chr15:35046443-35047480
chri0:119494493-119494591
chr5:72676120-72678421
chr11:44325657-44326517
chrl7:46670522-46671458
chr14:82789494-92790712
chr4:174459200-174460054
chr2:30549578-80549798
chr7:153748407-153750444
chr6:1389139-1391383
chrl6:43314037-48316543
chr2:105455127-105461770
chr21:38079941-38081833
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93 chr4:174427891-174428192
94 chrid:60873772-60974123
g5 chr8:99985733-999865883
96 chr2:63281034-63281347
957 chri2:101108863-101111622
98 chri:119549144-119551320
S99 chr5:38257825-38258136
100 chr5:54522302-54523533
101 chri:165324191-165326328
102 chr15:33602816-33604003
103 chri10:118030732-118034230
104 chr2:45240372-45241579
105 chr4:174430385-174430861
106 chr6:530810642-508109%4
107 chr5:122430676-122431443
108 chrl10:109674196-109674964
109 chrB:97172634-97173880
110 chri:11536767-11538961
111 chr5:180485154-180486892
112 chr2:38301276-38304518
113 chrl0:1778784-1780018
114 chrl2:54424610-54425173
115 chrl7:46669434-46669811
116 chr11:8190226-8130671
117 chr8:25300562-25505842
1138 chri2:81102034-81102716
118 chr7:271599661-27200960
120 chrl0:119311204-119312104
121 chr12:130387609-130389139
122 chr7:155258827-155261403
123 chr6:117591533-1175392279
124 chrl0:111216604-111217083
125 chr1:29585897-29586598
126 chr2:144654666-144695180
127 chrl12:48397889-48398731
128 chr5:2748368-2757024
129 chr12:114845861-114847650
130 chr2:20529677-80530846
131 chr5:1874807-1873032
132 chr6:100905952-100906686
133 chrl5:96204722-96305050
134 chr5:134374385-134376751
135 chr2:66652691-66654218
136 chr12:54440642-54441543
137 chr6:108485654-108485986
138 chrl7:70112824-70114271
139 chr3:87841796-87842563
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chr7:86650221-36651551
chrd:110222970-110224257
chr6:78172231-78174088
chr7:155164557-155167854
chri2:113900750-113906442
chr9:112081402-112082905
chri2:114886354-114886579
chr5:3590644-3532000
chr2:118592602-118593845
chr20:21485932-21496714
chri18:11148307-11149936
chr17:46824785-46825372
chri0:100992156-100992687
chrl4:36986362-36930576
chr18:55094825-55096310
chr15:36885306-96895728
chrl7:36717727-36718593
chr2:223183013-223185468
chr7:30721372-30722445
chr1:53527572-53528974
chrl8:56939624-56941540
chr5:175085004-175085756
chrl(:50817601-50820356
chr14:60975732-60978180
chrl5:88920793-89922768
chr2:122131086-122132214
chrl:217311467-217311773
chrl4:38724254-38725537
chri4:61103978-61104663
chrl8:73167402-73167920
chr1:50880916-50881516
chr2:241758141-241760783
chrli:31825743-31826967
chr7:27260101-27260467
chr20:41817475-41819212
chr3:238391-240140
chr7:121950243-121950927
chr5:72526203-72526497
chrl15:96903311-96303711
chri0:26504383-26507434
chr&:100915602- 100915883
chrl:18962842-18363481
chr3:127794369-127796136
chi7:27203915-27206462
chr8:25898335-25838692
chrl2:114838312-114838889
chr5:386382349-38683265
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187 chril:31841315-31842003
188 chrd:174451828-174452962
188 chr2:129372737-129378106
183 chr2:176964062-176965509
191 chr2:176931575-176932663
192 chri2:114833911-114834210
183 chr11:79148358-79152200
184 chr2:177024501-177025692
185 chr5:172672311-172672871

196 chr7:27291118-27292197
157 chrl:180198112-180204975
198 chr1d:37126786-37128274
199 chr2:200333687-200334172
200 chrl4:58331676-58333121
201 chr3:147131066-147131333
202 chr13:109147798-109145019
203 chr14:48143433-48145589
204 chr6:100905444-100905687
205 chrl7:14200579-142009%6
206 chr6:1379633-1380014

207 chrl:34642382-34643024
208 chr2:118599053-119599283
208 chr2:119613031-119615565
210 chr4:85413997-85414874
211 chr$:17306413-17907488
212 chrl2:29302034-29302954
213 chr20:10200088-10200384
214 chr8:57358126-57359415
215 chri:63212495-63213009
216 chr2:176936246-176936809
217 chrl11:20618197-20619320
218 chrl8:19744936-13752363
218 chrl4:29234883-29235908
220 chrl7:46673532-46674181
221 chr4:144620822-144622218
222 chri5:82660651-82661813
223 chr3:192125821-1921279%4
224 chr2:119599458-119600966
225 chr22:44257542-44258612
226 chri9:13616752-13617267
227 chr3:147138916-147139564
228 chr2:969529-973276

229 chriB:55103154-55108853
238 chrd:174422024-174422443
231 chrd:57521621-57522703
232 chrl5:79724099-79725643

3 chrl4:37135513-37136348
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chri0:23480697-23482455
chr2:45169505-45171884
chri8:30349690-30352302
chr6:99291327-99291737
chr9:21970913-21871190
chrd:107146-1078%5
chri2:117798076-117799448
chr2:219736132-219736592
chri0:118892161-118892639
chrl1:27743472-27744564
chrl2:65218245-65219143
chr12:75601081-75601752
chr7:54612324-54612558
chr6:100912071-100913337
chr10:102905714-102906693
chr8:87081653-87082046
chr6:50818180-50818431
chr1:91189138-9118%400
chr2:118881769-118982466
chrl10:50602989-50606783
chrl7:59528979-58530266
chrd:147559205-147561901
chr1:4713989%-4716555
chr13:102568425-102565495
chr18:6068914-6070401
chr22:29709281-29712013
chr1(:100993820-100994188
chr6:351188-393730
chi2:176877284-176977540
chrd:4868440-4869173
chr6:137809342-137810204
chrl12:54321301-54321721
chr2:105468851-105473488
chr8:55366180-55367628
chrl2:72665683-72667551
chr4:54966163-54368063
chr5:134366913-134367438
chr1:226075150-226075680
chr20:17206528-17206852
chrd:172733734-172735118
chr18:55019707-55021605
chr2:162279835-162280709
chrf:1381743-1385211
chr7:103968783-103969959
chr6:150358872-1503593%4
chr2:119914126-119916663
chr7:27278345-27279469
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chri2:114851957-114852360
chrif:24267040-24267527
chr6:7228877-7230865
chr2:45227644-45228783
chr4:174450046-174451469
chrd:154712073-154712706
chr3:22413492-22414365
chr20:21694472-21695344
chr6:1378445-1379318
chr8:70381873-70584888
chrl2:53107912-53108471
chr10:102996034-102896646
chr3:157821232-157821604
chr4:111554965-111555504
chr13:58206526-58208930
chrl10:22634000-22634862
chr9:22005887-22006229
chr5:153399004-159399928
chr2:31805293-31806403
chrG:100903491-100903713
chr5:77268350-77268787
chr14:85997468-85998637
chr5:92923487-92924497
chr11:64480199-64481344
chrl3:28366543-28368505
chr5:77805753-77806313
chr9:79633326-79636030
chr4:93226348-93227007
chi2:223170486-223171140
chrl:91172102-91172771
chrl:1181756-1182470
chrB:65281303-65283043
chri:94825546-94826320
chr6:108451033-108491410
chr21:38076762-38077685
chr1:91183240-91184540
chr3:147136903-147137328
chr15:96911511-96911308
chrld:57274607-57276840
chri3:112726281-112728419
chr2:171672310-171675447
chr8:11559596-11562956
chri0:48438411-48438320
chri8:53000683-53001692
chrl5:21642908-91643702
chr5:3592391-3592644
chrl19:56988313-56989741
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328 chr6:26614013-26614851
329 chril:27742059-27742273
330 chr3:147113608-147114479
331 chrid:57264638-57265561
332 chr7:155302253-155303158
333 chril:31848487-31848776
334 chri6:54870301-54972846
335 chr19:30715549-30715753
336 chr9:86710811-96711717
337 chrl8:77557780-77558948
338 chr20:21686192-2168768%
339 chr11:31847132-31847358
340 chri6:86530747-86532994
341 chrl:203044722-203045380
342 chr15:53096014-53056482
343 chr7:97361132-97363018
344 chr14:29236835-28237832
345 chrl3:79182853-79183830
346 chr11:69517840-69519929
347 chr1:231286559-231297345
348 chrl19:8675333-8675699
349 chrl:63795363-63736140
358 chrd:30228714-80229010
351 chr3:62362610-62363082
352 chr18:5827754-5828405
353 chrl0:125732220-125732843
354 chr9:136293566-136294160
355 chrl:63782394-63790471
356 chrd:4867386-4867673
357 chr2:133534534-1335423%4
358 chrl5:100913438-100914022
359 chrl10:101279941-101280382
36Q chr13:53419897-53422872
361 chrl:77747314-77748224
362 chrl4:36974548-36975425
363 chril2:57618769-57619402
364 chr7:49813008-49815752
365 chrd:188516605-188916876
366 chrl11:31831620-31839038
367 chr8:132052203-132054749
368 chr2:237071794-237078762
369 chr20:39994545-33985810
370 chril:132812662-132813075
371 chr5:170735168-170739863
372 chrl:221051966-221053673
373 chr5:72529099-72529976
374 chrl4:36973169-36973740
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chr4:158141404-158141836
chrid:103655241-103655928
chr1:65731411-65731849
chr1:38218190-38218977
chr3:128719865-128721245
chri5:33009530-33011696
chr2:162275161-162275596
chr7:155241323-155243757
chri9:46001830-46002686
chr6:137814355-137815202
chr7:70596228-70598382
chr15:96959341-96960531
chrif:66612749-66613412
chr6:110299365-110301267
chrl5:27215951-27216856
chr11:88241710-88242562
chr2:124782252-124783255
chrl7:70111973-70112308
chr2:63283936-63284147
chr17:46800945-46801288
chr6:1393049-1394170
chr3:137489584-137491004
chrl5:60296135-60298520
chrl2:106975429-106981086
chr12:54360374-54360660
chrl4:36991524-36992488
chrd:156129168-156130209
chr4:54975387-54876202
chr3:137482964-137484454
chrl0:118893527-118894432
chrl8:76737005-76741244
chrl0:110671724-110672326
chr5:71014917-71015715
chr6:50787286-50788091
chrl19:3868586-3869217
chr4:5894071-5895116
chr11:131780328-131781532
chr6:101846766-101847135
chrl1:71952112-71952528
chr5:172663616-172664584
chr3:23822412-23822667
chrd:5891981-5892365
chr1:217310749-217311178
chri:108923780-108924805
chr6:100038655-100039477
chr7:121945345-121946235
chr3:147126588-1471283389
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chr7:121956543-121957341
chrd:156680095-156081335
chrd:85404986-85405252
chr1:221064889-221065600
chrl7:73749618-73750178
chr:55370170-55372525
chr6:70982040-70892812
chri16:55513220-55513526
chr6:106433984-106434459
chrl4:28254365-28255069
chrf:33655966-33656238
chr9:18788215-19789288
chril:115630398-115631117
chrl:34628733-346309876
chr14:101923575-101925995
chrl7:72855621-72858012
chr2:223162946-223163512
chr4:85417653-85420799
chr1:156350403-156391581
chr3:147130342-147130577
chr2:119602616-1196044856
chr:120175253-1201774%6
chrd:174443365-174443948
chr5:145724294-145724551
chrll:32454874-32457311
chr2:176949511-176949795
chr1:18436551-18437673
chr3:26665950-26666164
chr3:170303044-170303249
chr2:223176493-223177515
chr2:182321761-182323029
chrl8:447829742-44790678
chrl7:46796234-46797292
chri8:44772992-44775577
chr8:101117522-101118633
chr7:27134097-27134303
chrl0:102507482-102509646
chri5:39754973-39756540
chr7:26415746-26416831
chri4:37116188-37117628
chrd:174421347-174421559
chr6:85472702-85474132
chr20:22557517-22558240
chr6:117198088-117198705
chri0:71331926-71333392
chrl9:36334994-36335321
chr4:46995128-46395872
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469 chr9:135455164-135458586
470 chr:65290108-65290946
471 chri0:94828102-94828040
472 chr1:116380359-116382364
473 chri5:47476369-474774598
474 chr3:147115764-147116421
475 chr17:59485573-59485780
476 chri(:23933366-23984978
477 chr2:176949993-176950336

478 chr3:137967110-137967727
479 chr2:176857054-176958279
480 chr11:119293320-119293943
481 chril:132813562-132814395
482 chr2:237068071-237068834
483 chrl(:27547668-27548402
484 chr4:4866438-4866813

485 chr21:19617098-18617874
486 chrl:91185156-91185577
487 chr18:15252399-15252632
488 chr1:145075483-145075845
489 chr2:18560963-19561650
480 chrl4:57260878-57262123
491 chr8:55378928-55380186
482 chr6:95290279-99290771
493 chri9:13124953-13125259
484 chrl5:27112030-27113479
4385 chr8:145925410-145926101
496 chrl1:124625723-124629826
497 chr4:103093038-109094546
498 chr3:62356773-62357315
498 chrld:37131181-37132785
500 chrl0:124905634-124906161
501 chr7:35296921-35298218
502 chr19:36248979-36249307
>03 chrl2:15475318-15475801
504 chr5:87985470-87985810
505 chrl2:54423427-54423712
506 chr7:96653467-96654199
507 chr2:45155195-45157049
508 chri5:96896928-968597301
509 chri12:58004982-58005351
510 chr2:176933131-176933449
511 chr2:176962179-176962487
512 chr20:25063838-25065525
513 chrl2:5153012-5154346

14 chr3:154146347-154146965
5 chr1:165323486-165323811

189



WO 2023/147567
516 chr21:38065179-38066185
517 chrif:118000435-118001530
518 chri12:45444202-45445386
518 chrd:158143296-158144053
520 chr5:76932317-76833523
521 chr5:172659049-172660277
522 chr2:223168653-223165008
523 chr1:248020330-248021252
524 chri®:804578-909574
525 chri2:127940451-127940907
526 chr2:135461934-135462909
527 chr17:48041282-48043064
528 chr4:94755786-94756310
529 chrl2:130338635-1303389%4
530 chr2:119615133-119616826
531 chr2:177042751-177043444
532 chr2:105478600-105479188
533 chr5:172670823-172671824
534 chr2:176852695-176953297
535 chr13:28543839-28550246
536 chrl3:112720564-112723582
537 chr&:100895773-100896062
538 chr7:136553854-136556194
539 chrb:127441553-127441760
5448 chrl:118526782-119527182
541 chrl2:43484920-49485178
542 chr:23850910-23851522
543 chr2:220299483-220300243
544 chr5:1881924-1887743
545 chr8:57360585-57360815
546 chrl8:74961556-74963822
547 chr5:172660720-172661133
548 chrl7:75277317-75278172
549 chr1(:99789614-93751320
550 chr2:176944087-176948446
551 chrd:154709512-154710827
552 chr5:140798757-140799353
553 chr3:44063314-44063837
554 chrl5:79574830-73575211
555 chr2:223161531-223161919
556 chr6:134210639-134211218
557 chri0:102899177-102899489
558 chri3:79181944-79182222
558 chr7:71800757-71802768
560 chr3:186078710-186080111
561 chrl:24229115-24229537
562 chrl6:48844551-48845264
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chr7:113724524-113727795
chr22:44726724-44727590
chrd:15778998-15780729
chrd:41869174-41869459
chri:38941919-38842404
chr2:176871706-176872305
chr2:119607378-119607910
chr5:76934581-76935296
chri2:103626090-103696418
chr5:63255044-63255407
chrl:221067447-221068185
chr?:119611296-119611881
chri0:124907283-124911035
chrl2:114878143-114879155
chr12:49371690-49375550
chrl7:36719544-36719938
chrl7:46696553-466596926
chr3:147142181-147142381
chr8:9762661-8764748
chrld:74706188-74708132
chr3:12837992-12838359
chr20:37352130-37357372
chrl0:8077829-8078378
chr4:4864456-4864834
chr4:13524062-13526083
chrl:66258440-66258518
chrl1:17740789-17743779
chrl2:106975195-106875714
chr9:91792662-91793611
chrl:149333785-149334111
chr3:170303532-170303768
chr5:72594147-72595808
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chr2:114034524-114036041
chr2:105480197-105480760
chriB:44777632-44778084
chriS:13213450-13213821
chrl7:6616422-6617471
chrl4:36977518-369773%¢6
chrl:214160798-214161034
chri:91182509-91182857
chri10:130508443-130508658
chr2:154728544-154729328
chri5:89952271-83953061
chri8:55102427-55102708
chr22:31158491-31155033
chrl0:50821487-50821688
chr7:100076454-100076785
chri8:13641584-13642415
chri8:13868532-13865026
chrf:168841438-168841699
chr1:61515875-61516831
chr7:32110063-32110810
chr7:56355508-56355798
chrlS:12767749-12767380
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1174
1175
1176
177
1178
1178
1180
1181
1182
1183
1184
1185
1186
1187
1188
1188
1180
1181
1192
1193
1194
11985
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1208
1210
1211
1212
i213
1214
1215
1216
1217
1218
i219
1220

chri9:19371675-18372383
chrid:69256676-69257036
chrl7:75447477-75447821
chri4:24801680-24802153
chr5:148033472-148034080
chrif:125650820-125651373
chr11:43568921-43568854
chr22:37212769-37213457
chr2:162283581-162284677
chr8:130895921-130996149
chrll:70508328-70508617
chri16:88943427-88943669
chri9:42891311-42891646
chrl5:53079220-5307957%
chr17:46650390-46651055
chr4:41880224-41880500
chrl:156105707-156106171
chrf:3987027-5997414
chr1:18964180-18964401
chr14:36983440-36983738
chrl2:54445876-54446113
chr5:87968635-87368307
chrl:29587087-29587412
chr11:60718428-60718888
chr2:66672431-66673636
chr4:31118095-81119391
chrl0:76573195-76573507
chr22:42322043-42322308
chr19:45898873-45300315
chrl4:95826675-95826941
chrl7:48194634-48195085
chr19:49662275-43669552
chrl5:96897596-96538046
chr19:40314926-40315144
chr3:120507227-120507642
chr5:145722467-145722925
chr3:19188246-19188772
chr5:140787447-140788044
chr19:50881418-50881664
chrl0:102896342-102896665
chr7:53286851-53287192
chri5:89903446-83903720
chri0:23461300-23461610
chr2:127783081-127783311
chrll1:72532612-72533774
chr2:119605200-119605620
chrl8:12254147-12255088
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1221
1222
1223
1224
1225
12286
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1248
1250
1251
1252
1253
1254
1255
1256
1257
1258
1258
1260
1261
1262
1263
1264
1265
1266

1267

chr7:100817759-100817875
chrid:77736733-77737772
chri2:127212278-127212528
chr2:119606569-119606826
chri:155264318-155265536
chri2:131199824-131200157
chr1:91300973-91301891
chr6:100909210-100909444
chr6:4079052-4079443
chr2:233251361-233253414
chr4:960505-260836
chr19:21769189-21764786
chri0:102279162-102278730
chrl2:127210778-127211651
chr12:54069625-54070177
chr15:53087211-53087488
chrl3:28365545-28365785
chrl2:113913615-113914322
chr14:51338712-51339146
chr7:155604725-155605085
chr3:62364017-62364316
chr&:6008857-6309299
chr3:46618307-46618669
chrl7:33776553-33776888
chr12:58158855-58160000
chr2:219857682-219858917
chrl9:44278273-44278777
chrl0:101282725-1012825834
chr20:2539133-2539877
chrl2:58003380-58004249
chrl6:51147490-51147344
chrl:179544720-179545307
ch2:71787430-71787897
chril0:125534410-129537366
chr$:42145847-42146053
chr14:24802927-24803155
chr22:29707473-29707797
chr2:132459587-132460017
chrl7:40937258-40937480
chr4:151504011-151505085
chrl:18967251-18348119
chri9:56598038-56600296
chr19:35633409-35633697
chr2:171678546-171680358
chr6:134638797-134639021
chrl:36549554-36549965
chrl9:12833104-12833574
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1268
1268
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
12581
1282
1293
1294
1285
1296
1297
1298
1289
1300
1361
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314

chr3:137487429-137488021
chr9:139715663-139716441
chr6:37617863-37618147
chri7:32434007-32484280
chr7:156409577-156409865
chr5:11384681-113585521
chr8:102504478-102504841
chr2(:33296514-33293242
chr20:57415135-57417153
chriD:71331448-71331891
chr3:75667777-75662067
chr16:67571252-67572728
chri9:36500169-36500530
chr2:154729613-154729918
chr12:48399168-48359372
chr4:41867385-41867586
chrl7:46800533-46800746
chr20:44685771-44687610
chr15:10406934-10407342
chr5:108486715-108497320
chr5:158523906-158524558
chr:124413512-124414183
chr20:57427691-57427995
chrl6:10912159-10912718
chr7:149389654-149389976
chrl:173638662-173639045
chrl9:55597977-55598887
chrld:62279037-62279338
chr3:13114627-13115245
chr2:3750828-3751927
chrd:85402764-85403175
chrl7:74017769-74018658
chr5:54523676-54523901
chr7:239747892-89749036
chrlB:72916107-72917233
chr9:136294738-136295236
chrl:201252452-201253648
chr5:146888750-146889840
chrld:52734207-52735486
chri3:20875518-20876214
chrl8:77560088-77560292
chr2:102803672-102804556
chr2:176982107-176982402
chrl7:6679205-6679710
chri8:10463626-10464378
chr5:140810494-140812617
chr11:46299544-46300216
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1315
1316
1317
1318
1318
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1338
1340
1341
1342
1343
1344
1345
1346
1347
1348
1348
1350
1351
1352
1353
i354
1355
1356
1357
1358
1358
1360
1361

chril:64136814-64138187
chr6:6007387-6007797
chri7:37321482-37322099
chri(:94455524-944555896
chri3:51417371-51418148
chr:11565217-11567212
chr1:226127112-226127685
chr2:3287874-3288228
chr6:10882226-10883149
chr22:18746155-19746369
chr3:12838471-12838732
chr9:36739534-36739782
chr9:134429865-134430451
chrll:70672834-70673055
chr14:24641053-24642220
chr7:27283408-27283614
chr12:49182421-49182658
chr1:440312R86-44031853
chr1:114696886-114697185
chr15:89901914-83302785
chrl1:65352231-65353134
chr7:728383R83-72838815
chr22:38379093-38379364
chr4:155663809-155664315
chr$:100619984-100620192
chr7:143582125-143582610
chr7:23287221-23287508
chr11:64815040-64815722
chr2:87088816-87083037
chr20:57426729-57427047
chrl(:43428167-43429460
chrl0:121577529-121578385
chr4:190939801-190940591
chr6:100037323-100037544
chrl19:12880574-12880888
chr2:171670110-171670549
chr7:124404174-124404432
chr7:97840559-978340845
chrl19:50873606-50880054
chri:113265573-113265787
chri9:2424005-2427983
chr3:127633993-127634588
chri0:50817085-50817309
chr2:171676552-171676980
chrl:86621278-86622871
chrl:164545540-164545917
chr22:19967279-13567808
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1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1388
1380
1391
1392
1383
1384
1395
1396
i387
1398
1399
1400
1401
1402
1463
1404
1405
1406
1407
1408

chril:67350928-67351953
chr2(:36226617-36226841
chri9:14089570-140858796
chr19:38700333-38700577
chri:18435566-18435904
chr:21905461-21805757
chr2:176850595-176850846
chr17:75251958-75252180
chri5:37390175-37390380
chr3:98113447-98113662
chrl:40235767-40237180
chr8:144811237-144811446
chr8:95984584-995385072
chr7:152621916-152622149
chr1:40769186-40769871
chrl9:2428349-2428731
chrl7:15820620-15821325
chr22:25081850-25082112
chr1:19203874-19204234
chr20:61703526-61704022
chr2:237080188-237080432
chrl:156338758-156339251
chr1:149332993-149333389
chr22:50426441-50497393
chr7:271460638-27146600
chrl3:100547633-100548%11
chrd:190933007-130939274
chr7:73894815-73895110
chr19:35632356-35632572
chrl6:67918672-67218902
chr2:108602824-108603467
chr2:238864315-238865170
chr8:144808221-144810978
chr8:145101631-145101834
chrl2:132905449-132906206
chr6:99275763-99276038
chr5:140800760-140801072
chrl7:75242871-75243613
chrl7:41278134-41278460
chri2:122016170-122017693
chrl:131264948-131265710
chri17:46631800-46632212
chrid:105167277-105167501
chrl:23982382-23982589
chri2:50831270-50231638
chr3:27771638-27771942
chrl8:74799144-74800038
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1408
1410
1411
1412
1413
1414
1415
1416
1417
1418
1418
1420
1421
1422
1423
1424
1425
1426
1427
1428
1428
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455

chri:21616380-21617101
chri:147782066-147782473
chr7:6590563-6590957
chr7:97839862-97840222
chri2:113914440-113914657
chri9:7933263-7934898
chr20:22559553-22560001
chr15:530865629-530865858
chri0:84180315-94180754
chr5:140052053-140053381
chril0:101287162-101287920
chr14:38677154-38677787
chr22:39262338-38263211
chrl8:74153233-74155073
chr15:59157045-5915755%4
chr4:963804-964115
chrl1:624780-625053
chr7:1362811-1363643
chr19:36246328-36247982
chr5:54528095-54528404
chrl2:54359658-54359906
chr2:127782613-127782829
chr19:406131-406611
chrl7:46697413-46697701
chri8:43608140-43608510
chrl6:23724270-23724775
chrlB:55922987-55924068
chrl5:60291879-60292167
chri4:92788913-92789204
chrl8:1108394-1109610
chrl1:124628367-124629590
chrl:32052471-32052771
chriS:11594372-11594987
chri8:870774-871318
chr2:54086776-54087266
chr2:241459632-241460047
chr7:127990926-127992616
chrl:208132327-208133117
chr7:90893567-30836683
chri:41284847-41285149
chrl1:32452144-32452708
chr5:77146998-77147785
chr19:45901452-45801688
chr7:6661875-6662685
chr6:161188084-161188633
chrl7:934417-935088
chrl1:65409636-65410127
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1456
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1465
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1438
1489
1480
1481
1492
1493
1494
1485
1496
1497
1498
1499
1500
1501
1502

chri7:19883325-19883610
chri®:77549524-77550299
chr1:38461584-38461388
chr19:10464566-104643927
chri7:70120139-70120442
chr7:27147588-2714838%
chr2:31806545-318067382
chr11:119292683-119292891
chri9:18972351-18881200
chr6:42879279-42879623
chr12:130808777-130809121
chr17:46629553-46629816
chri:202162958-202163350
chrl7:21367114-21367592
chr16:84001805-84002011
chr1:221057463-221057757
chrl7:27899511-27900067
chrl5:40268581-402698061
chr22:37465056-37465331
chrl7:77805866-77803046
chrl19:13198699-13198999
chr3:184056413-184056671
chr22:37911979-37912258
chrl9:19368708-13369681
chrll:64135815-64136381
chri8:77552401-77552603
chr19:58554354-58554587
chr20:57414595-5741485¢
chr4:190938106-190938848
chr5:172110282-172111166
chrl6:68480864-68482822
chr9:139395020-139395287
chr12:113515164-113515970
chr1:221054554-221054888
chr8:144990270-145002135
chr9:131154346-131155923
chr6:150335525-150336278
chr2:115824684-115825033
chrl2:54519768-54520457
chr6:35479872-35480154
chri9:3870788-3871043
chri9:48965002-48965792
chr:35479388-35479678
chr12:52408381-52408675
chrl:221068782-221069153
chr6:466535262-46656738
chr3:55508336-55508708
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1503
1504
1505
1506
1507
1508
1509
1510
1511
15312
1513
1514
1515
15316
1517
1518
1518
1520
1521
1522
1523
1524
1525
1526
15327
1528
1529
1530
15331
1532
1533
1534
1535
1536
1537
i538
1538
1540
1541
ix4z2
1543
1544
1545
1546
1547
1548
1549

chr1:39980365-393881768
chrit:3067521-3068358
chr1:1473107-1473342
chri(:105362548-105362827
chri7:46698880-46699083
chr2:188029068-198029438
chr20:17209418-17208622
chr12:49133049-49183282
chri6:58030214-58031633
chriD:94820026-94823252
chrll:725596-726870
chr:170732119-170732442
chri2:120835586-1208355827
chr20:36012585-3601343%
chr8:143545445-143546178
chrG:27228100-27228364
chr21:32624144-32624382
chr:95477296-95477708
chrl0:105420685-105421076
chr1:1470604-1471450
chr1:146552328-146552577
chri1S:33625467-33625805
chrl1:64478843-64479598
chr20:57428308-5742851¢6
chi7:27182613-27185562
chri8:51815157-51815458
chrl7:46607804-4660835%0
chrl2:52408860-52409121
chriS:10405924-10406398
chrll:14993452-14983661
chrl9:13135317-13136169
chr7:750788-751237
chrl:33742297-53742845
chr1:200010625-200010832
chr5:139138875-139138242
chrl7:45949676-45949885
chr3:128722283-128723036
chri5:89312719-89313183
chr3:135039673-135039378
chri9:12831793-12832225
chr2:51589707-51530020
chr20:3145121-3145746
chr8:65710890-65711722
chr11:128694084-128694658
chr2:20870006-20871280
chrl19:18977466-18977833
chr3:48947621-49348430
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1550
1551
1552
1553
1554
1555
1556
1557
1558
1558
1560
1561
1562
1563
1564
1565
1566
1567
1568
1568
1570
1571
1572
1573
1574
1575
1576
1577
15378
1579
1580
1581
1582
1583
1584
i585
1586
1587
1588
1588
1580
1581

chr6:30139718-30140263
chri2:104697348-104697984
chri0:105361784-105362188
chr6:29894140-29895117
chr4:187219320-187219745
chri5:67073306-67073943
chr2:220412341-220412678
chr6:170730395-170730887
chr9:115822071-115823416
chrl:10764448-10764925
chrl7:46627787-46628444
chr19:51601822-51602260
chri9:55814067-55814278
chr6:138745348-138745583
chr2:124887743-124991086
chr22:46318693-46319087
chr15:3013016-3013228
chr4:114300355-114900810
chr19:1063544-1064265
chrl19:1110399-1110701
chr7:97841636-97842005
chr&:57359898-57360114
chrl7:72915568-72916510
chrl:16860873-168622%6
chrl7:75398284-75398527
chr2:139357412-132387710
chr6:33393592-33393908
chrf:28595298-29595735
chr12:6438272-64358931
chr3:113160292-113160641
chr1:55505060-55506015
chrl1:132951692-132852260
chr4:81118137-81118603
chr19:38875070-38876332
chr19:58543305-58548712
chrl7:43472527-43474343
chr2:139396205-139397040
chrl6:3192181-3192669
chr6:33048416-33048814
chr7:128555329-128556650
chr19:46915311-46515802
chr6:30085173-30095610

212

PCT/US2023/061606



WO 2023/147567

Table 2: Example CGls

PCT/US2023/061606

Human CGI (hgl %)

chrl: 1181756-1182470 chrl2: 103696090-103696418
chri: 1470604-1471450 chri2: 104697348-104697984
chrl: 27723126-2772665 chrl2: 106974412-106974951
chrl; 4713989-47165SS chrl2: 113013090-113013529
chrl: 18436551-18437673 chrlZ: 113515164-113515970
chrl: 18956893-18959820 chri2: 113916433-113916717
chril: 18962842-18963481 chri2: 114833911-114834210
chrl: 18967251-18968119 chrl2; 114838312-114838889
chrl: 19203874-19204234 chrlZ: 114843022-114843610
chrl: 21616380-21617101 chr12: 114845861-114847650
chrl: 25255527-25259008 chri2: 114831957-114852360
chrl: 29585897-29586598 chrl2; 114831649-114881937
chrl: 34628783-34630976 chrl?: 114885105-114885418
chrl: 399803635-39981768 chrl2: 119212110-119212393
chri: 40235767-40237190 chri2: 123734049-123754373
chrl: 41831976-41832542 chrl2: 127210778-127211651
chrl: 46951168-46951792 chrl?: 127940451-127940907
chrl: 47909712-47911020 chrl2: 129337870-129338653
chrl: 53742297-337428435 chri2: 131199824-131200187
chrl: 55505060-55506015 chrl2. 132905449-132906200
chrl: 61515875-61516831 cheld: 20875518-20870214

chrl: 63782394-63790471 chrl3: 28366549-28368505

chrl: 65731411-6573184% chri3: 28549839-28550246

chirl: 66258440-66258918 chrl3: 36044844-36045481

chrl: 77747314-77748224 chri3: 51417371-51418149

chrl: 91172102-91172771 chrl3: 53419897-53422872

chri: 91176404-91176701 chri3: S8203586-58204322

chrl: 92945907-92952600 chrl3: 58206526-58208930

chrl: 115880167-115881332 chrld: 79181944-79182222

chrl: 116380359-116382364 chrl3: 93879245-93880877

chrl: 156105707-156106171 chri3: 100547633-100348911
chirl: 156338758-156339251 chrl3: 100641334-100642188
chrl: 156358050-156358252 chrld: 102568425-102569495
chrl: 156390403-156391581 chrl3: 112707804-112708696
chrl: 160340604-160340843 chri3: 112709884~112712665
chirl: 161695637-161697298 chri3: 112715359-112716234
chrl: 177133392-17713384¢6 chrld: F12717125-112717421
chrl: 180198119-180204975 chrl3: 112720564-1312723582
chrl: 1978R7088-197887791 chrl3: 112720281-112728419
chrl: 201252452-201253648 chri3: 112738598-112760491
chrl: 202673881-202679769 chrl3d: 112760865-112761113
chrl: 214156000-214156851 chrid: 24044886-24046760
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chrl: 214158726-214159080 chrld: 24641083-24642220
chrl: 221057463-221057757 chrid: 24803678-24804353
chri: 221067447-2210681858 chrid: 29236835-29237832
chrl: 226075150-226075680 chrid: 29254365-29255069
chrl: 248020330-248021252 chrld: 33402094-33404079
chr10: 50602989-50606783 chri4: 36973169-36973740
chriQ: S0R817601-30820356 chri4d: 36983440-36983738
chrlQ: 71331926-71333392 chrld: 36990873-36991209
chrl: 88122924-88127364 chrld: 36993483-36094488%
chr10: 94820026-94823252 chri4: 37053134-37053690
chriQ: 101279941-101280382 chrid: 37126786-37128274
chr1Q: 101281181-101282116 chrld: 37135513-37136348
chrl(: 102419147-102419668 chrld: 38724254-38725537
chri(: 102473206-102474026 chri4: 48143433-481455%9
chri0: 102484200-102484476 chri4: 51338712-51239146
chr1Q: 102489343.-102491011 chrld: 52734207-52735486
chrld: 102507482-102509646 chrld: 572608738-57262123
chri0: 102893660-102895059 chrid: 37264638-57265561
chri0: 102896342-102896665 chri4: S7278709-57275116
chriQ: 102899822-102900263 chrid: 58331676-58333121
chrl: 102975969-102978096 chrld: 60973772-60974123
chrl0: 105361784-105362188 chri4: 60975732-609781%0
chri0: 105420685-105421076 chri4: 61103978-61104663
chriQ: 106399567-106402812 chrid: 62279476-6228001%
chrl: 118899247-118900329 chrld: 77736733-77737772
chrl0: 119000435-119001530 chri4: §3997468-85998637
chri0: 119311204-119312104 chrig4: 83999532-86000478
chriQ: 119312766-119313563 chrid: 927R904904-92790712
chrl: 124905634-1249006161 chrl4d: 95239375.952394679
chel: 124907283-124911035 chrld: 95826675-95826941
chri0: 129534410-129537366 chri4: 101192851-101193499
chril: 725596-726870 chrid: 101923575-101925908
chril: 8190226-8130671 chrid: 103655241-10365592
chrll: 17740789-17743779 chrlS: 23157794-23158624
chril: 20181200-20182325 chrls: 27112030-27113479
chril: 20622720-20623399 chrl5: 27215951-27216856
chrll: 31825743-31826%967 chrl5: 33602816-33604003
chrll: 31839363-31839813 chrlS: 35046443-350474R0
chril: 31848487-31848776 chr15: 37390175-37390380
chril: 32452144-32452708 chr15: 53076187-33077926
chril: 32454874-32457311 chrl5: 53079220-53079579
chrll: 36397926-36399398 chrlS: 33080458-53083699
chrll: 44327240-44327932 chr15: 53087211-53087488
chril: 46299544-46300216 chr1s: 53097561-53098476
chril: 46366876-46367101 chris: 59157043-59157594
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chril; 64136814-64138187 chrlS: 76630029-76630970
chrll: 65352231-65353134 chrlS: 79574830-79575211
chrll: 69517840-69519929 chrl5: 89147660-89149198
chril: 69831571-69832484 chrls: 89312719-89313183
chrll: 70672834-70673055 chrlS: 89903446-89903720
chrll: 72532612-72533774 chel5: 89910521-89912177
chriil: 79148358-79152200 chris: 89952271-89953061
chrll: 124629723-124629926 chrlS: 96895306-96895729
chrl2: 3475010-3475654 chelS: 96903311-96903711
chriZ: 5018585-5021171 chrlS: 96904722-96905050
chri2: ©438272-6438931 chris: 96909815-96910030
chrl2: 15475318-15475901 chrlS: 96959341-96960531
chrl2: 29302034-29302954 chelS: 100913438-1060914022
chrl?: 45444202-45445386 chrl6: 3067521-3068358
chri2: 49183049-49183282 chrio: 3220438-3221356
chrl2: 49371690-49375550 chrl6: 6068914-6070401
chirl2: 45484920-49485178 chirl6: 10912159-10912719
chrl: 53491572-53491955 chrl6: 20084707-20085305
chri2: 54338761-54339168 chrlo; 23724270-23724775
chrl2: 54366815-54369103 chrl6: 24267040-24267527
chirl2: 54378696-54380102 chirl6: 31053479-31053800
chrll: 54423427-54423712 chrl6: 49309123-49300353
chri2: 54440042-54441543 chrio: 49316997-49317263
chri2: 54447744-54448091 chri6: 51183699-31188763
chirl2: 54519768-54520457 chirl6: 54325040-54325703
chrl2; 57618769-57619402 chrl6: 55364823-55365483
chr12: 58003%80-58004249 chrl6: 66012749-66613412
chri2: 58158853-58160000 chri6: 67918679-67918%09
chirl2: 63543636-63544967 chirls: 71459781-71460338
chrl2: 75602991-75603344 chrl6: 82660651-82661813
chrlZ: 99139386-99139769 chrl6: 84002269-84002860
chri2: 101109863-101111622 chr17: 934417-935088
chr12: 106979429-106981086 chrl7. 1173535-1174733
chri2: 113590806-113591304 chrl7: 1880789-1881116
chr1Z: 113900750-113906442 chrl7: 5000369-50031205
chri2: 113908887-113910681 chrl7: 6616422-6617471
chrl2: 113913615-113914322 chrl7: 6679205-6679710
chrl2: 114878143-114879155 chel7: 7832532-7833164
chriZ: 114886354-114886579 chel7: 7905927-7907445
chri2: 115109503-115110061 chrl7: 12877270-12877773
chri2: 117798076-1177909448 chrl7: 14201726-14202052
chrel2: 120835586-120835927 chel7: 15820620-15821325
chrlZ: 122016170-122017693 chrl7: 19883325-19883610
chri2: 130387609-13038%9139 chrl7: 21367114-21367592
chri2: 130908777-130909191 chrl7: 27899511-27500067
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chrl3: 27334226-27335205 chrl7:. 33776553-33776888
chr13: 28498226-28499046 chrl7: 36717727-36718593
chri3: 36049570-36030159 chrl7: 37321482-37322099
chri3: 36052553-36053119 chrl7. 43037166-43037740
chrl3: 759182850-70183880 chrl7: 46604362-46604881
chrl3: 84453604-84453897 chel7: 460627787-46628444
chri3: 108518334-108518633 chri7: 46673532-46674181
chri3: 109147798-109149019 chrl7: 46697413-46697701
chrld: 36974548-36975425 chel7. 46796234-46797292
chrid: 36986362-36990576 chrl7: 46800533-46800746
chrid: 37049333-37051726 chri7: 46824785-46825372
chrld: 37116188-37117628 chrl7: 48041282-480430064
chrld: 38678245-38680937 chel7. 48545570-48546900
chrld: 54418677-54418881 chrl7: 59531723-59535254
chrid: 57274607-372765840 chrl7: 70111979-70112308
chirid: 57283967-57284558 chrl7: 70112824-70114271
chirld: 65256676-69257036 chirl7. 71948478-71949255
chrld: 74706188-74708192 chrl7: 73749618-73750178
chrid: 95237622-95238211 chrl7: 74533281-74534566
chrid: 105167663-105168129 chri8: 904578-909374

chrlS: 33009530-33011696 chri8: 11148307-11149936
chrlS: 40268581-40269061 chri8 11750953-11752756
chris: 45408573-45409528 chri& 12254147-12255089
chrid: 47476369-47477490 chri8: 13641584-13642415
chirlS: 45254984-49255564 chirlB: 13868532-13869020
chrlS: 60287107-60287663 chrl8: 43608140-43608510
chrls: 60296135-60298520 chrl8: 44336183-44337110
chri5: 67073306-67073943 chri8 44337510-44338100
chirlS: 74419870-74423044 chirlB: 44772992-44775577
chrlS: 79724099-79725643 chri8: 44777632-44778084
chrls: 89914363-89915061 chrl8: 44789742-44790678
chr15: 89920793-8§99227638 chr18 54788959-54789194
chrls: 89949373-89051130 chrl8:. 55019707-55021605
chrlS: 91642908-91643702 chrl8: 55094825-55096310
chrls: 96873408-96877721 chr1: 56887091-56887665
chrie: 2228190-2230946 chri8: 56939624-56941540
chrl6: 3013016-3013228 chrl8: 70533965-70536871
chrl6o: 3190765-31913%9 chelB: 72916107-72917233
chrio: 22824616-22826459 chrl8 73167402-73167920
chrio: 48844551-48845264 chri8: 74799144-74800038
chri6: 49311413-49312308 chri8: 76732970-76734765
chrl6r 49314037-49316543 chelB: 76737005-76741244
chrl6: 49872449-49872926 chrl8: 77547965-77549038
chrio: 51147490-51147944 chri& 77557780-77558948
chri6: 51168266-51169110 chr19: 870774-871318
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chrl6: 34970301-54972846 chri9: 3868586-3869217
chri6: 55513220-55513526 chr19: 5829048-5829474
chri6: SRO30214-58031633 chri9: BG74332-8674764
chri6: 62069121-62070634 chri9: 10406934-10407342
chrl6: 67208067-67208678 chrl®: 10463626-10464378
chri6: 67571252-67572728 chr19: 12666243-12666682
chri6: 6R4R0864-68482822 chri9: 12767749-12767980
chri6: 86530747-86532994 chrl19: 12831793-12832225
chrel6: 86549069-86550512 chrl9: 12880574-128R0R8R
chri6: 86612188-86613821 chr19: 13124959-13125259
chri6: 88943427-88943669 chri9: 13616752-13617267
chrl7: 12568667-12569335 chri9: 14089570-14089796
chel7: 14248391-1424R8721 chrl®: 19371675-19372393
chrl7: 32484007-324842%0 chri9: 21769189-21769786
chr17: 35291899-35300875 chr19: 33625467-33625803
chrl7: 37764092-37764304 chri9: 36246328-36247982
chrl7. 40937258-40937480 chrl19: 36523391-365238%7
chrl7: 43472527-43474343 chr19: 38700333-38700577
chri7: 45949676-459493885 chr19: 39737689-39739288
chri7: 46607804-466083%0 chri19: 39754973-39736340
chrl7. 46620367-46621373 chrl9: 40314926-40315144
chrl17: 46631800-46632212 chri9: 44203558-44203987
chr17: 46669434-46669811 chr19: 44278273 -44278777
chri7: 46691320-46692097 chri9: 45260352-4526180%
chrl7. 48194634-48195085 chr19. 46001830-46002686
chrl7: 50235175-50236466 chri9: 46318490-46319266
chr17: 59485573-59485780 chr19: 46915311-46915802
chri7: §59528979-59530266 chri9: 47151768-471531258
chrl7. 70116274-70119998 chr19. 49669275-49669552
chrl7. 70120139-70120442 chrl9: 51601822-51602260
chrl7: 72855621-72858012 chr19: 51815157-51815458
chri7: 72915368-72916510 chr19: 54412710-54413087
chri7:. 74017769-74018658 chri19: 54481412-544819553
chrel7: 77805866-77809046 chrl9: 34483021-544R83572
chr17: 79314962-79320653 chr19: 53597977-55598887
chri7: 79R59808-79860963 chri9: S6988313-56989741
chri®: 19744936-19752363 chri9: 58094739-58095764
chrid: 30349690-30352302 chrl9: 58545115-58545R97
chri&: 35144907-35147628 chr19: 58554354-58554587
chri® S55103154-55108853 chr2: 4678490-468659
chri®: 55922987-55924068 chr2: 32R86324-3286530
chel8: 59000683-59001692 chr2: 5831187-5831413
chri&: 74153239-74155073 chr2: 19560963-19561650
chri& 74961556-74963822 chr2: 20870006-20871280
chri9: 407011-409511 chr2: 25499763-2550042%9
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chrl9 1063544-1064265 chr2: 318052093-31806403
chr19: 1108394-1109610 chr2: 451069505-45171884
chr19: 1748167-1750243 chr2: 45227644-45228783
chr19: 2424005-2427983 chr2: 45240372-45241579
chrl®: 7933263-7934898 chr2: 34086776-S4087266
chrl9: 11594372-11594987 chiZ: 63282514-63283122
chri9: 13135317-13136169 chr2: 63283936-63284147
chrl9: 13198699-13198999 chr2:. 63285949-63287097
chrl9: 13213450-13213821 chrZ: 66652691-66654218
chrl9: 18979351-18981200 chi2: 66672431-66673636
chri9: 19368708-19369681 chr2: R0549578-80549798
chrl9: 30715549-30715753 chr2:. 87015974-87018182
chrl9: 35633409-35633697 che2: 87088816-87089037
chrl9: 36336275-36337138 chrZ: 97192977-97193383
chri9: 36500169-36500530 chr2: 105480197-105480760
chr19: 38876070-38876332 chr2:. 106681982-106682403
chirl9: 42891311-42891640 chirZ: 107103833-107104053
chrl9: 45898879-45900315 chr2: 114033359-114033617
chri9; 48965002-48965792 chr2: 114034594-114036041
chr19: 50881418-50881664 chr2: 114256775-114258043
chirl9: 50931270-50931638 chirZ: 118981769-118982460
chrl9: 51169659-51172023 chr2: 119502602-119593845
chri9; 55815940-55816277 chi2: 119599059-119599299
chr19: 56598038-56600296 chr2: 119602616-119604486
chirZ: 3750828-3751927 chirZ:. 119606569-119606826
chr2: 30453566-30455655 chr2: 119611296-119611881
chr2: 38301276-38304518 chr2: 119016133-119616826
chr2: 45155195-45157049 chr2: 119914126-119916663
chir2:. 45395869-45398186 chirZ: 124782252-124783255
chr2: 50574045-50574817 chr2: 127413696-127414171
chr2: 66808508-06809404 chr2: 127782013-127782829
chr2: 71787430-71787897 chr2: 128421719-128422182
chr2: 73143055-73148260 chr2: 130763483-130763764
chr2: 80329677-80530846 chr2: 132182327-132183101
chr2: 102803072-102804556 chiZ: 139537692-139538650
chi2: 105459127-105461770 chr2: 154727906-154728271
chr2: 105468851-105473488 chr2: 154728944-154729328
chr2: 108602824-108603467 cheZ: 162279835-162280709
chr2: 119599458-119600966 che2: 162283581-162284677
chr2: 137522460-137523696 chr2: 171671598-171671804
chr2: 142887724-142888553 chr2: 171678546-171680358
chr2: 144694666-144695180 cheZ: 176931875-176932663
chr2: 157185557-157186355 chiZ: 176936246-176936809
chr2: 162273294-162273725 chr2: 176944087-176948446
chr2: 176949511-176549795 chr2: 176949993-176950336
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chr2: 176964062-176965509 chr2: 176936504-176956707
chrZ: 176969217-176969805 chrZ: 177012371-177012675
chr2: 176977284-176977540 chr2: 177016416-177016632
chr2: 176982107-176982402 chr2: 177024501-177025692
che2: 177036254-177037213 chr2: 198029068-198029438
chr2: 177042751-177043444 chrZ: 200333687-200334172
chr2: 182321761-182323029 chr2: 207506774-207507422
chr2: 182521221-182521927 chr2: 220173 870-220174283
chr2: 219736132-219736592 chr2: 223159725-223160487
chr2: 219848919-219850541 chrZ: 223162946-223163912
chrZ: 219857682-219838917 chr2: 223167205-223167560
chr2: 220299483-2203 (0243 chr2: 223168653-223162008
chr2: 220412341 220412678 chr2: 223176493-223177515
chr2: 223183013-223185468 chr2: 233251361-233253414
chr2: 237071794-237078762 chr2: 237068071-237068834
chr2: 241758141-241760783 chr2: 238864315-238865170
chr20: 3145121-3145746 chr2: 241459632-241460047
chr2(: 21485932-21496714 chr20: 6905375-691099
chr20: 21686199-21687689 chr20: 2539133-2539877
chr2Q: 22557517-22539240 chr20; 2729997-2734G797
chr20: 33296514-33298242 chr20:; 2780978-2781497
chr20: 37352130-37357372 chr20: 3296266-529779%
chr20: 39994543-39995810 chr20: 9496471-9496893
chr2Q: 44657463-44659243 chr20: 10198133-10198984
chr20: 44685771-44687610 chr20: 17206528-17206952
chr20: 313889707-51590020 chr20: 17208550-17208756
chr20: 32789252-52790986 chr20: 21376358-21378245
chr20: §7415135-57417153 chr2(: 21694472-21695344
chr2l: 31311386-31312106 chr20: 22548967-22549720
chr2l: 32624144-326243%2 chr20: 25063838-25065525
chr21: 3 B065179-38066185 chrZ20: 32856659-32857248
chr22: 19967279-19967808 chr20: 36012595-36013439
chr22: 29709281-29712013 chr20: 36226617-36226841
chr22: 31198491-31199033 chr20: 41817475-41819212
chr22: 31500396-31501239 chi20: 48184193-48184833
chr22: 37212769-37213467 chr2Q: 570R9460-37090237
chr22: 37911979-37912258 chr20: 57426729-57427047
chr22: 38476836-38478839 chr20: 61703526-61704022
chr22: 42305617-423017254 chr2l: 19617098-19617874
chr22: 42322043-42322909 chr2l: 34395128-34400245
chr22: 44726724-447275%0 chr21: 3 8076762-38077685
chr22: 46318693-463190R7 chr2l: 38079941-38081833
chr22: 46440393-46441019 chr21: 42218489-42219222
chr3: 3840513-384277 chr22: 197461535-19746369
chr3: 6902823-6903516 chr22: 25081850-25082112

219



WO 2023/147567

PCT/US2023/061606

chrd: 13114627-13115245 chr22: 37465056-37465331
chr3: 19189688-19190100 chr22: 38379093-38379964
chr3: 49947621-49948430 chr22: 39262338-39263211
chr3: 55508336-55508708 chr22:. 42685894-42686095
chr3: 62354201-62355012 chr22: 44257942-44258612
chr3: 62357639-62359774 chi22: 44287497-44288061
chr3: 71834068-71834653 chr22: 48884884-48887043
chr3: 87841796-87842563 chr22: 50496441-50497393
chrd: 137482064-137484454 ched: 238391-240140

chr3: 137485594-137491004 chr3: 6904133-0904641
chr3: 147108511-147111703 chr3: 9177691-9178189
chird: 147113608-147114479 chr3: 11034446-11035384
ched: 147130342-147130577 ched: 12838471-12838782
chr3d: 147131066-147131333 chrd: 22413492-22414365
chr3: 154146347-154146963 chr3: 266064104-26664796
chir3d: 157821232-157821604 chr3: 27771638-27771942
chird: 170303044-170303249 chir3: 32861141-32861429
chr3d: 172165372-172166738 chr3: 44063314-44063837
chrd: 4868440-4869173 chr3: 44596535-44597018
chrd: 25090106-25090510 chr3: 46618307-46618669
chird: 41749184-41749811 chird: 62356119-62356378
chrd: 47034427-47034940 chrd: 62356773-62357315
chrd: 549661063-54968063 chr3: 62362610-62363082
chrd: 81119093-81119391 chr3: 63263989-63264205
chird: 90228714-90229010 chir3: 64253533-64253819
chrd: 94755786-94756310 chr3: 736067777-75669067
chrd: 100870377-100871994 chr3: 75955759-75956308
chrd: 107956555-107957453 chr3: 113160299-113160641
chird: 109093038-109094546 chird: 121902742-121903645
chrd: 114900355-114900810 chrd: 126113547-126113967
chrd: 1223 01567-122302290 chr3: 127633993-127634588
chrd: 128544031-128544903 chr3: 127794369-127796136
chrd: 144620822-144622218 chr3: 128719865-128721245
chrd: 147559205-147561901 chrd: 129693127-129694841
chrd: 156680095-156681386 chr3: 133393118-133393657
chrd: 164264821-164265772 chr3: 138656627-138659107
chrd: 172733734-172735118 chr3: 147126988-147128999
chrd: 174430386-174430861 ched: 147138916-147139564
chrd: 185939222-185942747 che3: 147142181-147142391
chrd: 1879689-1879928 chr3: 157R12053-157812764
chrd: 1881924-1887743 chr3: 170303532-170303708
cheS: 2748368-2757024 ched: 184056419-184056671
chr3: 37834671-37835128 chr3: 185911344-185912228
chr3: 38257825-38259136 chr3: 186078710-186080111
chrd: 52777788-52777996 chr3: 192125821-192127594
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chrS: 54527319-54527760 chrd: 107146-107898

chr3: 39189046-59189894 chrd: 206377-206892

chr3: 63256548-63257886 chrd: 682724-683079

chrs: 71014917-71015715 chrd: 961347-962155

chrS: 72528000-72529976 chrd: 4859632-4860191
chrS: 76932317-76933523 chrd: 5709985-5710495
chrd: 76934581-76935296 chrd: 5891981-5892365
chrS: 77805753-77806313 chrd: 5894071-5895116
chrS: 92023487-92924497 chrd: 13524062-13526083
chrS: 92839795.92940216 chrd: 15779998-15780729
chrd: 134363092-134365146 chrd: 24801109-24801902
chirS: 134366913-134367438 chrd: 41869174-41869439
chrS: 134374385-134376751 chrd: 41875445-41875794
chrS: 139138875-139139242 chrd: 41880224-41880500
chr3: 140052059-14005338]1 chrd: 41882450-41882964
chrS: 140305712-140307193 chrd: 46995128-46995872
chirS: 140798757-140799359 chird: 54975387-54976202
chrS: 140810494-140812617 chrd: 57521621-57522703
chr3: 145718289-145720095 chrd: 66535193-66535620
chrd: 145725286-145725852 chrd: 21109887-81110460
chirS: 158523906-158524598 chrd; 85403830-85404524
chrS: 172665306-172666072 chrd: §5413997-85414874
chr3: 179228283-179229003 chrd: 85422929-83423190
chr6: 391188-393790 chrd: 93226348-93227007
chir6: 1381743-1385211 chrd; 110222970-110224257
chrd: 5997027-5097414 chrd: 111554965-111555504
chrt: 6007387-6007797 chrd: 134069162-134070442
chr6: 7229877-7230865 chrd: 140201064-140201449
chirs: 10390038-10390565 chird: 151504011-151505085
chrd: 29894140-29895117 chrd: 154709512-154710827
chrt: 33393592-33393908 chrd: 154712073-154712706
chré: 33655966-33656238 chrd: 154713537-154714240
chr6: 41908745-41909711 chrd: 155663809-155664315
chrd: 42072032-42072701 chrd: 156129168-156130209
chrt: 46655202-46656738 chrd: 158143296-158144053
chré: 50682334-50683214 chrd: 169799086-169799625
chr6. 50791110-50791573 chrd: 174422024-174422443
chrd: 33039170-55039392 chrd: 174427391-174428192
chro: 99275763-99276038 chrd: 174437914-174438346
chré: 101846766-101847135 chrd: 174439812-174440249
chré: 108485671-108490539 chrd: 174448333-174448845
chrd: 108491033-108491410 chrd: 174450046-174451469
chro: 108497595-108497996 chrd: 174451828-174452962
chré: 117198089-117198705 chrd: 174459200-174460054
chré: 117591533-117592279 chrd: 185937242-185937750
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chrt: 134210639-134211218 chrd: 187219320-187219745
chrt: 134638797-134639021 chrd: 188916005-188916876
chré: 13 7242315-137245442 chrd: 190938106-1909388438
chr6: 137814355-137815202 chrd: 190939801-190940591
chrd: 138745348-138745593 chrS: 1874907-1879032
che7: 1362811-1363643 cheS: 2738953-2741237
chi7: 6590563-6590957 chrd: 3590644-3592000
chir7. 6661875-6662695 chrS: 3594467-3603054
chr7: 19145872-19146256 cheS: 11384681-11385521
chr7: 20370003-20371504 chrS: 31193952-31194419
chi7: 20830567-20830817 chrd: 45695394-45696310
chir7. 26415746-26416891 chrS: 50685453-50686148
chr 7. 27146069-27146600 cheS: 34519054-54519628
chr7: 27182613-27185562 chrS: 63255044-63255407
chr7: 27227520-27225043 chrd: 72526203-72526497
chir7. 27278945.27279469 chrS: 72594147-72595808
chir7. 27282086-27283136 chirS: 72676120-72678421
chr?7: 30721372-30722445 chrS: 76923 887-76924502
chr7: 37955622-37956555 chr3: 76936126-76936984
chr7: 49813008-49815752 chrd: 77140542-77140914
chr7; 56355508-56355798 chirS: 77146998-77147785
chr7. 87563342-87564571 chrS: 77253832-77254049
chr7: 90893567-90896683 chr3: 77268350-77268787
chr?: 95225503-95226194 chrd: 87968635-87968907
chir7. 96650221-96651551 chirS: 87980878-87981272
chr7. 96651963-96652246 chrS: 87985470-87985810
chr7: 97841636-97842005 chrS: 88185224-88185589
chr7: 113724924-113727795 chrd: 115697134-115697589
chir7. 130790358-130792773 chirS: 12243 0676-122431443
chr7. 136553854-136556194 chrS: 134385967-134386370
chr7: 155595092-155599414 chr3: 140346105-140346931
chr7: 155604725-1556050058 chr3: 140787447-140788044
chr7. 156795355-156799394 chrS: 140864527-140864748
chrd: 21905461-21905757 chrS: 146888750-146889840
chr@: 25900562-25905842 chr3: 148033472-148034080
chr8: 55366180-35367628 chrd: 158478378-158478630
chr8: 65710990-65711722 chrS: 159399004-159399928
chr8: 70981873-70084888 cheS: 170735169-1707398¢3
chr&: 105478672-105479340 cheS: 170741603-170742751
chr8: 120428398-120425178 chrd: 170743178-170744107
chr8: 143545445-143546178 chrd: 172110282-172111166
chr8: 144808221-144810978 cheS: 172650049-172660277
chr8: 144990270-145002135 cheS: 172660720-172661133
chr9: 17906419-17907488 chrd: 172661486-172662228
chr9: 21970913-21971190 chrd: 172672311 -172672971
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chr®: 22005887-22006229 chrS: 174158680-174159729
chr9: 86152353-86153777 chr3: 175085004-175085756
chr9: 95477296-95477708 chrd: 178421225-178422337
chr9: 96713326-96718186 chrS: 180486154-180486892
chr®: 97401286-974020067 chrd: 1378445-1379318
chr9: 102590742-102591303 che6: 1393049-1394170
chr9: 112081402-112082905 chrG: 1619093-16210%4
chr9: 120175253-120177496 chr6: 4079052-4079443
chr®: 122131086-122132214 chrd: 3996140-5099787
chr9: 124413512-124414193 chrd: 10381558-10382354
chr9: 124987743-124991086 chrG: 10881846-10882051
chir9: 126773246-126780953 chr6: 26614013-26614851
che® 129372737-129378106 cheb: 27228100-27228364
chr9: 120386112-129389231 chrd: 20565208-29595795
chr9: 131154346-131155923 chrd: 30095173-30095610
chir9: 132459587-132460017 chr6: 30139718-30140263
chir®: 133534534-1335423%4 chirf: 33048416-33048814
chr9: 135039673-135039978 chrd: 35479388-35479678
chr9: 135455164-135458586 chrd: 37616722-37617179
chr9: 135461934-135462000 chr6: 38682949-38683265
chir®: 135464586-135466240 chirf: 41528266-41528900
chr9: 139096665-139096993 chrd: 42145847-42146053
chr9: 139396205-139397040 chrd: 42879279-428795623
chrX; 673 52650-67352923 chr6: 50787286-50788091
chirX: 99891299-99891794 chir6: 50810642-50810994
chrX: 152612775-152613464 chrd: 50813314-50813499
chrl: 1474962-1475220 chro: 50818180-50818431
chrl: 2979275-2980758 chré: 70992040-70992912
chirl: 10764449-10764925 chirf: 72298274-72298528
chrl: 12123488-12124148 chrt: 78172231-78174088
chrl: 168060873-16862296 chro: 85472702-85474132
chrl: 18964180-18964401 chr6: 99290279-99250771
chrl: 24229115-24229537 chr6: 100038655-100039477
chrl: 32052471-32052771 chrt: 100897080-100897021
chrl: 34642382-34643024 che6: 100903491-100903713
chrl: 36549554-36549965 chrG: 100905444-100%05697
chrl: 38219702-38220012 chr6: 100905952-100906686
chrl: 38461584-38451988 chrd: 100914946-100915245
chrl: 38941919-38942404 chrt: 106429111-106429772
chri: 39044059-39044561 chr6: 106433984-106434450
chrl: 40769186-40769871 chrG: 108495654-1084955986
chrl: 41284847-41285149 chet: 110299365-110301267
chrl: 44031286-44031853 chrd: 117869097-117869530
chri: 470095735-47010132 chré: 127441553-127441760
chri: 50880916-50881516 chr6: 137809342-137810204
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chrl: S0881884-50882103 chrt: 137816474-137817223
chrl: 50892437-50893243 chrt: 150335525-150336278
chrl: 53527572-53528974 chr6: 150358872-150355394
chrl: 63795363-63796140 chr6: 154360586-154361008
chrl: 65991001-65991811 chro: 161188084-161188039
chrl: 67218079-67218293 chrd: 166579973-166583423
chri: 97773329-67773767 chr6: 166666837-166667541
chrl: 86621278-86622871 chr6 168841438-168841699
chrl: 91183240-91184540 chrt: 170732119-170732442
chrl: 91185150-91185577 che7: 751712-752150

chri: 91190489-91192804 chr7: 12151220-12151559
chrl: 91300979-91301891 chr7. 19184818-19185033
chrl: 110610265-110613303 che7: 23287221-23287508
chrl: 113265573-113265787 chr7: 27134097-27134303
chrl: 113286332-113287172 chr7: 27147589-27148389
chirl: 114695136-114696672 chr7. 27198182-27198514
chirl: 119526782-119527192 chir7. 27203915-27206462
chrl: 119520819-119530712 chr7: 27260101-27260467
chrl: 119543056-119543454 che7: 27291119-27292197
chrl: 119549144-119551320 chr?: 32110063-32110910
chirl: 145075483-145075845 chir7. 35296921-35298218
chrl: 146552328-146552577 chr7. 42267546-42267823
chrl: 1477820066-147782473 chr7: 43152020-43153340
chrl: 149332993-149333389 chr?. 53286851-53287192
chirl: 155147185-155147444 chir7. 54612324-54612558
chrl: 155264318-155265536 chr7. 70596228-70598382
chrl: 1552900606-155291001 che7: 71800757-71802768
chrl: 156863413-156863711 chr7: 72838383-72838815
chirl: 164545540-164545917 chir7. 73894815-73895110
chrl: 165324191-165326328 chr7. 89747892-89749036
chrl: 170630456-170630851 chr7: 97361132-97363018
chrl: 173638662-173639045 chr7: 100075303-100075551
chrl: 175568376-175568808 chr7. 100817759-100817975
chrl: 179544720-179545307 chr7. 100823307-100823701
chrl: 181287300-181287873 chr7: 101005899-101007443
chri: 181452706-181453073 chr7: 103085710-103086132
chrl: 200009807-200010036 chr7. 103968783-103969959
chrl: 202162958-202163390 che7: 121940006-121940648
chrl: 203044722-203045390 chi7: 121950249-121950927
chrl: 208132327-208133117 chr7: 121956543-121957341
chrl: 214153214-214153608 chr7: 124404174-124404432
chel: 217310749-217311178 che7: 127990026-127992616
chrl: 221050448-221050864 che7: 128555329-128556650
chrl: 221060850-221061071 chr7: 129422997-129423355
chrl: 225865068-225865328 chr7: 142494563-142495248
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chrl: 226127112-226127695 chr7. 143582125-143582610
chrl: 228785986-228786204 chr7: 149389654-149389976
chrl: 231206559-231297345 chr7: 149744402-149746469
chrl: 243646394-243646888 chr7: 152621916-152622149
cheld: 1778784-178001R% chr7. 133748407-153750444
chr10: 8076002-8077261 chi7: 154001964-154002281
chri(: ROT7T7R29-8078378 chr7: 155164557-155167854
chri: 15761423-15762101 chr7: 155174128-15517524%
chelD: 16561604-16563R822 che7. 155241323-155243757
chri(: 22623350-22625875 chr7: 155258827-155261403
chriQ: 22634000-22634862 chr7: 155302253-155303158
chrl: 22764708-22767050 chr7: 156409023-156409294
chri(: 23461300-23461610 chr7:. 1564095877-156400865
chri(: 23462224-234638%89 chr7: 156801418-156801632
chri0: 23480697-23482455 chr7: 156871054-156871297
chrl1: 23983366-23984978 chr7: 1589365(07-158938492
chri(; 26504383-26507434 chr8: 4848968-4852635
chrl(: 27347668-27548402 chr&: 9760750-9761643
chri0: 43428167-43429460 chr& 9762661-9764748
chriQ: 48438411-48439320 chr8: 11536767-11538961
chriQ; 63212495-63213009 chr8: 11557852-11558252
chri0: 71331449-71331691 chr8: 11565217-11567212
chriQ: 75407413-75407706 chr& 21644908-21647845
chriQ: 76573193-76573507 chr8: 23562475-23565175
chri0: 94180315-94180754 chrd: 23567180-23567678
chri(: 94455524-944558%96 chr8: 24812946-24814299
chriQ: 94828102-94829040 chr& 26721642-26724566
chriQ: 997R9614-99791320 chr®& 37822486-37824008
chri0: 100992156-100992687 chr8: 41424341-41425300
chrl0: 101282725-1012829034 chr8: 49468683-494G8959
chriQ: 101290025-101290338 chr&: S50822270-50822860
chriQ: 102279162-102279730 chr& S3R51701-53854426
chriQ: 102475276-10247557¢ chr8: 55370170-55372525
chel(: 102891010-102891794 chr8: 33378928-553RG1%¢
chri10: 102905714-102906693 chr&: 57358126-57359415
chriQ: 102996034-102996646 chr&: 6S5281003-65283043
chri0: 103043990-103044480 chr8: 65286067-65286659
chel: 108923780-108924805 chrd: 65290108-65200946
chri(: 1096741906-109674964 chr&: 68804584-68864946
chriQ: 110671724-110672326 chr&: 72468560-72469561
chri®: 111216604-111217083 chr8: RS5096759-85097247
chel(: 1I8030732-118034230 chrd: 86350765-86351196
chri(: 118892161-118892639 chr& 87081653-87082046
chri0: 118893527-118894432 chr& 97169731-97170432
chri®: 119494493-119404401 chr8: 97171805-97172022
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chri0; 120353692-120355821 chr8: 98289604-98290404
chrl0: 121577529-121578385 chrg: 999060497-99961438
chriQ: 123922830-123923542 chr8: 99984584-99985072
chri0: 124901907-124902617 chr8: 99985733-99986983
chrl: 125425495-125426642 ched: 101117922-101118693
chrlQ: 125650820-125651373 che8: 130995921-130996149
chriQ: 125732220-125732843 chr&: 132052203-132054749
chrl0: 130338695-130338994 chr8: 139508795-139509774
chrl0: 130508443-130508658 che8: 142528185-142529029
chri0: 134597357-134602649 chr8: 145103285-145108027
chril: 626728-628037 chr8: 145925410-145926101
chrll: 636435-636668 chr9: 969529-973276
chrll: 636906-640628 che®: 16726859-16727273
chrll: 2890388-2891337 chr®: 19788215-19789288
chril: 14995128-14955908 chr9: 23820691-23822135
chrll: 20618197-20619920 chr9: 23850910-23851522
chirll: 27743472-27744564 chir®: 32782936-32783625
chrll: 31827696-31827921 chr9: 36739534-36739782
chrii: 31841315-31842003 chr9: 37002489-37002957
chril: 31847132-31847958 chr9: 77112712-77113583
chirll: 43568921-43569854 chr®: 77113709-77113927
chrll: 44325657-44326517 chr@: 79633326-79636030
chril; 60718428-60718888 chr9: 79637814-79638169
chril: 64478843-64479508 chr9: 91792662-91793611
chrll; 64815040-64815722 chir®: 96108466-96108992
chrll; 65409636-65410127 chr@: 96710811-96711717
chrll: 65816404-65816665 chr9: 981113064-98112362
chril: 68622108-68622339 chr9: 100610696-100611517
chirll: 70508328-70508617 chir®: 100619984-100620192
chril;, 71952112-71952528 chr®: 104499849-104501076
chrll: 88241710-88242562 chr9: 115822071-115823416
chril: 89224416-89224718 chr9: 120507227-120507642
chril: 105481126-105481422 chr9: 123656750-123656972
chril: 115630398-115631117 chr®: 134429866-134430491
chrll: 119203320-119293943 che®: 136294738-136295236
chriil: 123066517-123066986 chr9: 137967110-137967727
chrll: 128419198-.128419513 chr9: 139715663-139716441
chrll: 128694084-1286094688

chrii: 131780328-131781532

chriil: 132813562-132814395

chril: 132934059-132934291

chell: 132052538-132053307

chrll: 133994709-133995090

chri2: 186863-187610

chri2: 3308812-3310270
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chrel2:

S153012-5154346

chriZ:

14134626-14135242

chri2:

41086522-41087102

chri2:

48399168-48399372

chrl2:

S52113410-52115679

chri2:

52408381-52408675

chri2:

52652018-52632743

chri2:

53107912-53108471

chel2:

S3359192-53359507

chriZ:

54071053-54071265

chri2:

54321301-54321721

chrl2:

54354529-54355491

chell:

S4359658-54359906

chriZ:

54424610-54425173

chri2:

65218245-65219143

chrl2:

65514878-65515863

chrlZ:

72665683-T2667351]

chriZ:

81102034-81102716

chri2:

S1471569-81472110
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chrl: 1072370-1072847 chril. 65190825-65191058 chrio: 72821141-72821592
chri. 10895896-10896117 chril: 65222491-65222750 chrl6: 73099813-73100791
chrl: 109203594-109204378 | chrll: 65341621-65342501 chrl6: 743925-745943
chrl: 1093212-1093476 chril: 65343330-65343849 chri6: 78079753-78080166
chri: 110185962-110186164 | chril: 65553750-65555573 chrlo: 80574742-80575090
chri. 110626529-110627484 i chrll: 65779312-65779767 chrl6: 80963953-80966478
chrl: 110880395-110880624 | chrll: 66034752-66035054 chrl6: 84029457-84029710
chrl: 111S0S882-111507007 | chrll: 66035217-66035447 chr16: 84328520-84328720
chrl: 111746338-111747303 1§ chrll: 66049751-66050229 chri6: B4346477-843406931
chri. 113044411-113044992 | chrll: 66314208-60314455 chrl6: 84401958-84402497
chrl: 113392143-113392807 | chrll: 66335576-60336151 chri6: 85171020-85171323
chri: 113497987-113498206 | chrll: 67232299-67232558 chr16: 83783863-85785131
chrl: 1141671-1142150 chrll: 67770427-67771629 chri6: BSB63382-85863601
chrl: 11538670-11540342 chril: 67806252-67806611 chrl6: 85932122-85932942
chrl: 116694665-110694983 1§ chrll: 68611251-68611807 chrl6: 86546360-86546632
chrl: 116710838-116711260 | chrll: 69258150-69258544 chrl6: 87902455-87903460
chrl: 11710460-11710788 chril: 69924339-69925197 chrit: 88292764-88293010
chri: 11779567-11780016 chril: 703795-706534 chri6: 88716990-88717606
chri: 118727817-118728097 i chril: 70962174-70964161 chr16: 8R803803-88804112
chri: 120835962-120839391 | chril: 71954817-719353659 chri6: 88850205-88850537
chrl: 12655927-12656248 chril: 720562-721369 chri6: 89070647-83070904
chri: 13629355-1363299 chril. 72301303-72301746 chrio: 89267824-89268087
chri: 1370768-1371449 chril: 72463093-72463717 chrl6: 892608493-89268865
chrl: 13839506-13840613 chril: 72492282-72492644 chri6: 89323281-89323661
chrl: 13909607-13909842 chril: 74022429-74022703 chri6: 89632593-89632799
chri: 14026482-14027200 chril: 75236190-75237781 chrio: 90014251-90014613
chri. 14219351-14219737 chril: 75917272-75917926 chrl7: 10632790-10633490
chrl: 146556313-146556676 | chrll: 77122737-77123088 chrl7: 11501632-11502328
chrl: 14924611-14925993 chril: 78673008-78673213 chri7: 1163342-1163773
chrl: 149605515-149605903 | chrll: 789872-790133 chrl7. 12692738-12693690
chrl. 150254366-150254637 | chrll: 8102359-8102913 chrl7: 1390457-1390786
chrl; 150266477-15026668% | chrll: 826942-827625 chri7: 1395120-1395372
chrl: 151300523-151300724 § chrll: 8284103-8285032 chri7. 14212364-14212788
chrl: 151445872-151446142 | chrll. 86382696-86383586 chrl7: 15244706-15245126
chri. 151693992-151694282 i chrll: 87908244-87908614 chrl7: 15466360-15466843
chrl: IS1812254-151812525 | chrll: 9025096-9026315 chrl7: 1546743-1547324
chri: 151966633-151966893 §chrll: 93583375-93583717 chri7. 1551731-1553249
chrl: 152079998-152081705 | chrll: 94473536-94474338 chrl7. 15847758-15849513
chrl. 154298206-154298544 i chrll: 94501367-94502696 chrl7: 16283928-16284768
chrl: 154732823-154733436 | chrll: 9634970-9636065 chrl7: 17683017-17687240
chrl: 154971871-154972404 | chrll: 9779593-9780470 chrl7: 18965478-18965728
chrl: 155043413-155043922 | chrll: 98891544-98891821 chrl7: 2627241-2628302
chrl: 155830196-155830489 | chrl2: 103350090-103350422 | chrl?: 26578273-26578682
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chrl: 156051240-156051461 chri2: 103351380-103352695 chrl7: 26645291-26645614
chrl: 156616554-156616946 chri2: 103359249-103359629 chrl7: 26698360-26699557
chrl: 156646293-156647260 chriZ: 104850254-104852395 chrl7: 26711384-26712311
chrl: 1356814882-156815792 chri2: 105478090-105478517 chr17. 27038085-27038219
chri: 15689352(-156894232 chrl2: 106532107-106533696 | chel7: 27332269-27333188
chri: 157963541-157963947 chri2: 107711604-107714107 | chrl7: 27503599-27504014
chrl: 158119489-158119704 chri2: 108297427-108297743 chrl7: 27942533-27945388
chrl: 159141203-159141718 chrl2: 109162409-109162722 | chrl7:. 27949430-27950277
chri: 15929824-15930289 chri2: 109729573-100729826 | chrl7: 29208047-29298606
chrl: 160040129-160040668 chri2: 110150048-110150262 | chrl7: 29718231-29719291
chri: 1608514R8-16085862 chriZ: 110156268-1101564%96 | chrl7: 29814615-29815662
chrl: 161228478-161229028 chrl2: 111471961-111473546 | chrl7: 30593199-30594033
chri: 162760251-162760722 chrl2: 112204499-112204979 | chrl7: 30845904-30846702
chri: 162792177-162792574 chri2: 115104849-115105548 chr17: 32953154-32953801
chri: 16543684-16544307 chri2: 1158120775-115122945 chrl7: 33787402-33787845
chrl: 166134259-166136448 chrl12: 115135926-115136350 chrl7: 33814235-33814947
chrl: 167789397-167789647 chrl2: 115889598-115889995 chrl7: 34091137-34091919
chri: 17033769-17034728 chri2: 116354788-116355187 chrl7: 3438842-3439046
chrl: 171810468-171811325 chri2: 116946196-116946607 chrl7: 35060323-35060692
chri: 179555402-179535577¢ chri2: 117316390-117317611 chri7: 35303285-35303572
chri: 180881317-180882592 chri2: 117536291-117537421 chr17: 36102034-36104766
chrl: 182584178-182584545 chri2: 120031495-120033212 chr17: 36105335-36105583
chrl: 184633224-184633663 chri2: 120799373-120799912 chrl7: 36575500-36575782
chrl: 1875618-1875877 chrl2: 122277302-12227753%9 chrl7. 36584421-36585453
chri: 18971730-18%72097 chrl2: 122667649-122668038 chr17: 36728634-36729284
chri: 19970256-194971923 chri2: 123380334-123380894 chr17: 37365987-37366539
chrl: 200860077-200860576 chri2: 126018101-126018365 chrl7: 37856449-37856801
chri: 200992283-20099283% chri2: 128850550-1288530735 chrl7: 38020382-38020645
chri: 201368561-201369032 chri2: 129787736-129788160 chrl7: 38347534-38347765
chrl: 201450881-201451105 chri2: 130526916-130527117 chrl7: 38497528-3849R8963
chrl: 201475886-201476516 chri2: 13152820-13153084 chrl7: 38501397-38301839
chrl: 20170878%-201700429 chriZ: 132312440-132315739 chrl7: 39683909-3968450%
chrl: 202936046-202936252 chr12: 132689881-132690197 chr17. 39705046-39705332
chri: 203456785-203457059 chrl2: 132690340-132690571 chrl7: 40250273-40250591
chrl: 203598472-203598853 chri2: 133463808-133464858 | chrl7: 40332598-40333471
chrl: 204159599-204159833 chri2: 14927292-14928023 chrl7. 40440189-40441014
chri: 204797611-204797930 chrl2: 175667-176400 chrl7. 40805675-40805957
chrl: 20512361-20512797 chrl2: 1770702-1771476 chri7: 40912817-40913553
chrl: 205537752-205538443 chri2: 1905278-1906765 chri7: 40932330-40933299
chrl: 20622353R-206224028 chri2: 20521617-20523122 chrl7: 41723220-41723826
chrl: 20064629-2064855 chri2: 21680409-21680982 chri7. 41791111-41791476
chri: 206730398-206730908 chrl2: 21810489-21810766 chrl7: 41984149-41985012
chri: 20810463-20813511 chri2: 22486836-2248%666 chrl7: 42015422-42015707
chri: 209848444-209849428 chri2: 24714957-24716243 chrl7: 42015844-42016069
chrl: 209979317-209979666 chr12: 26348261-26349130 chri7: 42030174-42030941
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chrl: 210465710-210466212 chrl2: 2800140-2801062 chrl7: 42061047-42061643
chrl: 211306668-211307675 chri2: 28127891-28128575 chrl7: 42082028-42084972
chri: 211688462-211689104 chriZ: 29935996-29937433 chrl7: 42001713-42091948
chrl: 213123648-213125092 chri2: 3862069-3862606 chr17. 42002144.42092432
chri: 214161198-214161415 chrl2: 4273820-4274491 chrl7: 42287693-4228R8392
chri: 2144200-2144497 chri2: 4378367-4382222 chrl?7. 42392324-42393079
chrl: 218256052-215256636 chri2: 4383194-4384405 chrl7: 42402788-42403266
chri: 219347110-219347572 chri2: 49318487-49319476 chrl7. 44026528-44026738
chrl: 220960017-220960603 chrl2: 49363665-49364443 chrl7: 44843309-44840912
chrl: 2222199.2222569 chri2: 49390618-49392441 chri7: 45400875-45401440
chrl: 225117221-225117781 chriZ: 49487964-49488202 chrl7: 45928212-45928710
chri: 226270724-226271841 chrl2: 49688874-49691360 chrl7: 46089637-46089451
chrl: 22668639-22668862 chri2: 49735720-49736875 chrl7: 46114574-46115059
chrl: 226736355-226737412 chri2: 50297581-50297988% chr17: 46507345-46507778
chri: 227729516-227730492 chri2; 50349080-50349525 chrl7: 46655216-46655604
chri: 228565950-228567121 chri2: 51785280-51785821 chrl7. 46687528-46688730
chri: 230561104-230562702 chrl2: 51818461-51819166 chr17: 46710813-456711419
chrl: 231175063-231176317 chri2: 52444554-52445421 chr17: 46719361-46720234
chrl: 231176786-231177009 chri2: 52545938-52546363 chrl7: 46723732-46724383
chri: 232941055-232941707 chr12: S$2701963-52702560 chri7. 46755566-46756006
chrl: 233749374-233750314 chrl2: 33267860-53268290 chrl7:. 46827436-46827641
chri: 236687072-236687608 chri2: 53273232-53273498% chr17: 47209812-47210740
chrl: 23750509-23751663 chri2: 53297443-53297824 chrl7: 47572346-47575316
chri: 23884843-23885087 chr12: 53441385-53441706 chri7. 47647377-47647660
chri: 240254960-240257063 chrl2: 33448009-53448406 chr17: 47967874-47968409
chrl: 244012713-244013245 chri2: 53613717-53615103 chr17: 48619112-48619794
chrl: 244213398-244213619 chri2: 53718633-5371977 chrl7: 49021857-49022279
chri: 2460761-2462010 chri2: 54332806-54333731 chrl7: 4081358-49819790
chrl: 24648203-24648985 chri2: 34343623-54343848 chrl7. 52977867-52978307
chrl: 24739838-24740262 chri2: 34346778-34347101 chr17: 533315619-53316198
chrl: 2477564-2478363 chri2: 54387826-54388732 chrl7: 53342199-53343061
chrl: 26490523-26491015 chriZ: 54389114-54389520 chrl7: 54674159-34674366
chrl: 20686517-26687281 chr12: 34393375-54394648 chrl7: 54910497-54912470
chri: 27338880-27330441 chrl2: 34399413-54399654 chrl7: 55939089-55939591
chrl: 27854417-27854963 chri2: 54399907-54400495 chrl7: 36832962-56833986
chrl: 2739492R8-27895524 chri2: S4408427-54408713 chrl7: 58228062-38228361
chri: 27960568-27961023 chri2: 54784901-54785238 chrl7. 58498712-58499332
chrl: 279863(6-27986808 chrl2: 3541211-5542973 chri7: 59473061-594R3266
chrl: 29101791-29102069 chri2: 56522944-56523285 chrl7: 59539363-59539834
chrl: 2929156-2929376 chri2: S6381402-56882702 chrl7: 5973316-5974449
chrl: 311580310-31158261 chri2: S8013172-58013652 chri7. 60704543-60705943
chrl: 31380845-31381078 chrl2: 38021295-58022037 chrl7: 60729646-60730269
chrl: 32169538-32169%69 chri2: 58258987-58259496 chrl7: 60885409-60885857
chrl: 32180132-32180487 chri2: 59989652-59990507 chrl7: 61523001-61524470
chrl: 32226147-32226335 chr12: 63025589-63026213 chri7: 61615393-61616035
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chri: 32237828-32238661 chrl2: 6419604-6420024 chrl7: 6460072-6460302
chrl: 3239916-3240261 chri2: 6472661-6473322 chr17: 64961008-64962321
chrl: 32410189-32410630 chri2: 6492850-6493522 chrl7. 68164914-68165720
chrl: 32892429-32892835 chr12: 65672392-65673250 chrl7: 6945390-694752
chri: 3310103-3311038 chrl2: 6664426-6665336 chrl7: 7108305-7108654
chri: 33219428-33220028 chri2: 71003625-71004057 chrl7: 71639029-71641670
chrl: 33358470-33359449 chri2: 8123347-8123561 chrl7: 7164286-7166245
chrl: 33438459-33438979 chri2Z: 81330609-81331514 chrl7. 71897971-71858420
chrl: 33938026-33938328 chrl2: 82152321-82152674 chrl7: 72270302-72270512
chrl: 3447450-3447950 chri2: 8849964-8851403 chrl7: 72352828-72353798
chrl: 35331704-35332409 chriZ: 968832R7-96883737 chrl7: 72442928-72443194
chri: 35350879-25351854 chri2: 983850691-98851002 chrl7. 72449983-72450617
chri: 35394748-35396206 chri2: 99288223-99280374 chrl7: 72667196-72667710
chrl: 36042433-36043444 chri3: 100631753-100635526 chrl7: 72732849-72733545
chrl: 3662964-36640853 chri3: 102068117-102069258 chrl7: 72848167-72848901
chrl: 36771831-36773009 chri3: 107186469-107189024 | chrl7. 72889350-728%0060
chrl: 36885354-3689684 chri3: 110958892-110960590 chrl7: 72931730-72932601
chrl: 37498378-37300624 chri3: 110960925-110961143 chr17: 73030677-73031160
chrl: 38229839-382308%% chri3: 113548644-113549127 chrl7: 73083867-73084495
chrl: 41847265-41849204 chrl3: 113597554-113598303 chri7. 73320057-73522540
chri: 43832815-43833073 chrl3: 113622738-113623660 chrl7. 74496993-74497632
chrl: 44401738-44402423 chri3: 113807289-113807865 chr17: 74706466-74707067
chrl: 44871110-44874047 chri3: 114017867-114018463 chrl7: 73524590-75525152
chrl: 44883137-448%4272 chri3: 20175967-20176766 chri7: 7608377-7608456
chrl: 46767426-46769036 chri3: 20702852-20703122 chr17: 76127522-76128406
chri: 46859725-46860291 chri3: 20806017-20806867 chrl7. 77093292-77093805
chrl: 46913787-46914343 chri3: 23489631-23490058 chrl?7: 77783810-77780842
chrl: 47489227-47489633 chri3: 26760422-26760892 chrl7. 78977614-78978447
chri: 47690981-476%91727 chri3: 28491489-28492518 chrl7. 79366807-79374742
chrl: 47915640-47915952 chrl3: 28501860-28502090 chrl7: 79448219-70448827
chrl: 47998900-47999517 chri3: 28542222.28543544 chrl?7: 79485600-79486913
chrl: 48058794-4R8059230 chri3: 28554428-28553065 chrl7: 79614851-79615585%
chrl: 48190757-48190992 chri3: 29105412-20105676 chrl7: 79917287-79920022
chri: 48449871-48450144 chrl3: 29292671-29293329 chrl7: 80329067-80330208
chrl: 48462132-48462976 chri3: 30995686-30995947 chrl7: 8054531-8055835
chrl: 48937305-48937683 chri3: 31019861-31020137 chri7: 9142981-9143839
chrl: 49242372-49242810 chrl3: 31377146-31377493 chri8: 10131854-10132080
chrl: 30513645-30514320 chrl3: 36703041-3670570G7 chriB: 12271658-12271920
chrl: 50798668-50799536 chri3: 36871668-36872059 chri&: 12407716-12408242
chri: 53386618-53387523 chri3: 3691973R-36921004 chrig 13136597-13137564
chrl: 55446088-55446846 chrl3: 37005582-37006453 chri8:; 13824002-13824215
chrl: 57110664-37111337 chrl3: 37247950-37248463 chriB: 14132001-14132482
chrl: 57887964-57820637 chri3: 43597505-43597856 chr1®: 14430639-14431567
chri: 59280952-59281194 chri3: 44359859-44361696 chri&: 19928417-19929329
chrl: 60280625-60281048 chri3: 44453208-44454295 chri8: 20139485-20140246
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chrl: 6086245-6(864%94 chri3: 45885735-45886103 chriB: 21199432-21199798
chrl: 61508643-61309282 chri3: 50070023-50070719 chri8: 21269270-21270349
chrl: 61519353-61519971 chri3: $3174029-53174674 chri8&: 22006311-22007007
chri: 6208717-6200039 chrl3: 33424942-53425995 chri8: 24443201-24443458
chri: 6241032-6241251 chrl3: 67804594-67805459 chriB: 28755415-25758175
chri: 6265826-6266778 chri3: 88323570-88324640 chrl8: 2846566-2848175
chrl: 6301696-6302856 chri3: 95201561-95202293 chrig 28681321-28682455
chri: 0484504-6485327 chri3: 95354190-95355184 chrl8: 2905951-290734%
chrl: 6307208-650%186 chrl3: 95619884-95620977 chriB: 29077553-29078326
chrl: 6545144-6545559 chri3: 96204692-96205496 chri&: 31802359-31803792
chri: 65468273-65468828 chri3: 98794399-08706241 chri8: 31804481-3180487S
chri: 680696640-68607628 chrid: 100204041-100204262 | chrl8: 34823799-34824017
chrl: 70032968-7003449S5 chrld: 100625320-100626461 chriB: 3498942-3499358
chri: 72748472-72749736 chrid: 100680270-100680947 chri8: 42258984-42260795
chri: 76080455-76080808 chri4: 101012841-101013117 chrl&: 43355319-43355698
chri: 76540148-76540653 chrid: 101121009-101121365 chri8: 43913346-43914477
chrl: 77333112-77334534 chrid: 102247661-102248279 chrl8: 44526867-44527137
chri: 8002409-8002699 chrid: 103010785-103011625 chri®: 45662315-45663320
chrl: B013994-8014651 chri4: 103389017-103390248 chrl&: 47087076-47087446
chri: 805199-805628 chrid: 103394398-1033970G7¢ chri8: 47087880-47088528
chrl: 82265999-82269048 chrid: 103589354-103590246 chri18: 48085839-48087589
chri: 8277196-8277822 chrid: 103739579-103740892 chrl®: 5237724-523R8674
chrl: B4326268-84326838 chri4: 105293561-105293879 chrl&: 52495605-52496007
chrl: 85462586-85463435 chrid: 105309691-105310500 chri8: 52626518-52626849
chri: 87617154-87617417 chrid: 105330515-105332186 chrlB: 53447075-53447842
chri: 87617693-87617986 chrid: 105512056-105512307 chri8: 5542848-5543054
chrl: 90308840-90309606 chrid: 105662778-1053663403 chri8: 558062654-55862873
chri: 9258566-9258956 chri4: 105952604-105954296 chrl8&: 56932714-56932904
chri: 94702691-94703344 chrid: 21100839-21101043 chrlB: 56934834-56936827
chrl: 932856(3-95286319 chrid: 215337083-21537355 chri®: 5890293-5891682
chrl: 9749296-9750228% chrid: 21539712-21540045 chrl®: 59992070-599%3556
chri: 999679-699911 chri4d: 23355739-23356402 chri&: 63417776-63418640
chri®: 100227439-100227832 | chrid: 24457865-24458100 chri8: 65183238-65184014
chrl@: 101293016-101293238 | chrid: 24550318-2455114R% chri®: 70208975-70211790
chriQ: 102416497-102416716 | chrid: 24835811-24836220 chrl®: 72123607-72124717
chriQ: 10243060R-102431119 | chrid: 24837873-24838324 chrig: 74514041-74514292
chri®: 102440601-102441011 | chrid: 24898780-24899288 chrl8: 74843361-74845426
chrl(: 102469807-102470341 | chrid: 25518425-25519612 chriB: 7566558-7568R30
chri®: 102501701-102502232 | chrid: 27066314-27066578 chri&: 77724353-77724836
chriG: 102586126-102588109 | chrid: 32670418-32671092 chrig R811650-812709
chri®: 102590123-1025390402 | chrid: 34419509-34420438 chri8; 8367274-8367549
chrl(: 102778605-102778922 | chrid; 37641233-37641879 chri®: 9333897-9334244
chriQ: 102792043-102792266 | chrid: 38052646-38054166 chrl9: 10077032-10077444
chriC: 102807775-102808271 | chrid: 38057139-38057798 chrl9: 10120751-10121231
chri®: 1028008388-102810282 | chrid: 38060842-38062119 chri9: 10526983-10527755
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chrl(: 102882978-102833551 | chrid: 38063664-38065665 chr19: 10529628-10532004
chri@: 103326283-103326712 | chrid: 38067447-38069207 chr19: 1068439-1068764
chriQ: 103538816-103539988 | chrid: 45431629-454321153 chr19: 10697787-10698000
chrl1®: 103985853-103986246 | chrid: 52780688-52781969 chrl®: 1074727-1075071
chrl@: 104000255-104001741 | chrld: 534413305-54413764 chrl9: 11353961-11354362
chri@: 105211951-105212306 | chrid: 35595698-55596692 chrl9: 11491560-11492740
chriQ: 106028543-106029047 | chrid: S8862542-58863209 chri9: 11529214-11529588
chri®: 110225928-110226465 | chrid: 60097209-60097553 chrl9: 11529723-11529966
chrl(: 11059443-11060524 chrid. 60794577-60794867 chri9: 11831279-11531590
chriG: 11207179-11207980 chrid: 61114103-61116552 chr19: 11533199-11533619
chri@G: 113943284-113943657 | chrld: 61746R05-61748141 chr19: 11689418-11689763
chri®d: 115860680-115861093 | chrid: 61787881-61789467 chr19: 11909403-11909841
chrl(: 116391467-116391827 | chrid; 62583680-62584279 chri9: 11959578-11960064
chri$: 116527525-116528474 | chrid: 67878335-67879167 chri9; 11998805-11999131
chri0; 116852262-116854094 | chri4: 70041214-70041662 chrl9: 12076030-12076366
chri®d: 118976050-118976706 | chrid: 73704055-73705106 chrl9: 12098572-12098950
chrl®: 119293918-11929767 chrid: 73706300-73706677 chrl® 12146031-12146649
chri@: 122708511-122708899 | chrid: 73957731-73958889 chri9: 12163327-12163560
chriQ: 122739053-12273939% | chrid: 74036128-74036662 chrl9: 12175461-12176057
chri0; 124638744-124639793 | chrid: 74058401-74059116 chri9: 12266999-12267686
chrl@: 125851152-125853233 | chrid: 74100344-74101236 chrl9 12305553-12306304
chri@: 126133810-126138896 | chrid: 73389713-75390133 chri9: 12444033-12444548
chrlQ: 1338790006-133879255 | chri4: 75894309-7589346%9 chrl9: 12476050-12476372
chri®: 134973511-134974311 | chri4: 76819146-76819379 chri9; 12943347-12943661
chrl@: 135075002-135075452 | chrid: 88789601-88790493 chr19: 12978360-12978785
chriQ; 135089970-135090491 | chrid: §9493136-80494382 chri9: 13207376-13207621
chri@: 13933483-13934184 chrid: 90167783-90168352 chri9: 13208344-13210525
chri0: 17270431-17272617 chrid: 91883362-91883566 chri9: 1324970-13258349
chrl@: 17493408-17496721 chrid: 92302202-92303078 chrl19: 13266390-13267030
chrl(: 18429126-18430234 chrid: 92413582-92414324 chrl9: 1401093-14017R4
chriQ: 20104452-20106105 chrid: 96505312-96506402 chr19: 14168143-14168512
chri0: 20106644-20106946 chrid: 96890431-96890633 chri9: 14542769-143843102
chri0: 21462129-21463808 chrid: 97685060-97685946 chrl®: 1455227-1455544
chri(; 22518027-22518334 chrid: 99711840-99713431 chrl9: 1456078-1456347
chri@: 25241111-25241900 chrid: 99739802-99740920 chrl9: 1456886-1457312
chriQ: 25463757-25465639 chrlS: 1008R0OSR-100882438 | chrl9: 1303512-1503791
chri(: 26222922-26224022 chrlS: 100890243-100890494 | chr19: 15090017-15090873
chrl(: 26500608-26501126 chrls: 101389733-10139026C | chrl9: 15288315-15288911
chriQ: 26680635-26680999 chris: 1015486706-101548898 | chrl9: 135334123-15334822
chri@G: 230301R83-28035211 chrl§: 23207950-23208796 chri9: 13619224-15619613
chri0: 29698363-29699044 chrls: 24123232-24123432 chri9: 153662114-15662358
chel(: 31422710-31423316 chrls: 28982670-28983497 chri9: 15695299-15695535
chri®: 35103125-35105243 chris: 30113706-30113940 chr19: 16186790-16188275
chri0: 43571940-43573434 chris: 31733082-31733489 chrl9: 1673922-1676137
chri(: 44185040-44186132 chrls: 32828333-32829181 chri9: 17007102-17008857
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chriQ: 45470023-43470291 chris: 34728788-34720495 chr19: 1725416-1726154
chriQ: 45914375-45914883 chris: 37179517-37179782 chr19: 17346166-17346886
chriQ: 49812853-49813352 chrls: 37393667-37394248 chrl9: 17392384-17393778
chri0: 51572199-31572620 chris: 40728263-40728466 chri®: 17403040-17403570
chri(: 52177725-52178182 chrl3d: 41851724-4185197¢ chrl9: 17487896-17488125
chriQ: 57390344-57391215 chris: 41913334-41914360 chrl9: 17501956-17502250
chriQ: 60272468-60273456 chrl$: 41952536-41933222 chri9: 17580198-17580598
chri®: 609335828-60937049 chrls: 45427297-45428206 chrl9: 1762373-176284%
chrl(: 62492786-62493376 chrls: 45722562-45722939 chri9: 1766145-1766364
chriG: 62703308-62704290 chris: 48009419-48011044 chrl9: 17716645-17717531
chri@G: 64133790-64134420 chrl$: 4847000R-48470628 chri9: 1776028-1776730
chri®: 71077947-71079377 chrls: 51633725-51634318 chr19: 17791068-17721301
chrl(: 71812319-71813693 chrls: 52587354-52588172 chri9: 17905580-17906317
chriQ: 71892093-71892802 chris: 60690709-60690930 chri9: 18059850-18060148
chri0: 72043447-72043886 chris: 61519622-61520031 chrl9: 18209912-182102638
chriQ: 72218131-72218484 chris: 61520424-61521716 chr19: 18319146-18319363
chrl(: 72647739-72648317 chris: 62456016-62457648 chr19: 18499098-18499697
chrl@: 72977124-7297777 chrl3: 64443388-64444821 chri9: 18539782-18540341
chr10:; 734708-735606 chrls: 65066917-65068352 chrl9: 1862257-1862600
chri0; 74020774-74021023 chrls: 65127965-65128185 chri9; 18722359-18724001
chri0; 74079337-74079861 chris: 65669311-63670617 chrl19: i8311562-18811791
chriQ; 75670697-753671379 chris: 65714743-65715571 chri9; 19280999-19281560
chri0; 77191062-77191571 chrls: 66274584-66274838 chrl9: 19335772-19336151
chri0; 79396096-70308495 chrls: 66544433-66546134 chri9: 19729128-19720814
chri0; &091375-8098329 chrls: 68126023-68126569 chr19; 19738573-19739821
chriQ; 81892223-81892640 chrl3: 68723368-68724691 chr19: 19843483-19843943
chriQ; 85954200-859535303 chrl5: 69366322-69366796 chri9: 19971578-19971863
chri0: 86300400-86300933 chrls: 71145996-71146820 chri9: 20011911-20012238
chri0; 88730555-88731632 chrls: 72476677-72476969 chrl9: 20149856-20150175
chrl@: 90342529-90343221 chris: 72564443-72565165 chrl9: 20162773-20163107
chri@: 93647053-93647393 chrl3: 72611947-72612802 chr19: 2041824-2042593
chriQ: 94351357-94351615 chrls: 74044562-74045885 chrl9: 21949904-21950217
chr1(: 94459255-94459591 chris: 74425092-74428821 chri9: 22018595-22018827
chri(; 94831513-94832312 chrld: 74537810-74538114 chrl9: 22034395-22034943
chri@: 95326230-95327108 chrls: 75470912-73471212 chrl9: 22193331-22193583
chriQ: 95360390-95361387 chri§: 75628251-75628677 chrl9: 2273694-2274047
chri(: 95753348-95754201 chrls: 78633323-78634089 chrl9: 2302467-2302999
chrl(: 97802872-97804262 chrls: 79102716-79104628% chri®: 23253797-23254382
chriQ: 98479726-98480487 chri5: 83348840-83349865 chri9: 23386650-23387069
chri@: 994730R5-99473291 chrl$: B3620051-83621727 chri9: 23456575-23456868
chril: 100998031-100099774 | chrlS: 83775862-83776922 chri9; 2478866-2479244
chrll: 101918074-101918493 | chrl5; 83875649-83877079 chrl9: 2613933-2614133
chril: 102188180-102188440 | chri3: 84047823-84048105 chrl9: 267086-267660
chril: 106888324-106890203 | chri5: 84115763-84116921 chrl9: 28284529-28285129
chril: 109963241-109964677 | chri15: 84322323-84323771 chri9; 293115-295354
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chril: 112832325-11283449G | chrid: 84976471-84977044 chrl9: 30215233-30215594
chril: 113185333-113185663 | chrl5: 89438177-89438850 chr19: 30363203-30363527
chril: 113258444-113258821 | chrlS: 89942593-89943853 chri® 31839636-31843049
chril: 113345069-113346328 | chrld: 89959743-80959990 chri9: 31843881-31844143
chrll: 113929634-113932196 | cheld: 90039465-90039984 chrl9: 31347947-31848209
chril: 113953621-113953839 | chri5: 91427541-91427905 chr19: 3273609-3275970
chrll: 116371183-116371606 | chrlS: 93198375-93199181 chri9: 33685147-33686085
chril: 116706482-116706910 | chris: 93615623-93617185 chri9: 34112280-34114353
chrld: 119227097-119227758 | chrls: 96883942-96884533 chrl9: 3434930-3435417
chril: 119455154-119450102 | chri5: 968889359-06889417 chr19: 34396472-34398079
chril: 119612002-119612476 | chrlS5: 99091356-99091812 chri9: 34830072-34850587
chril: 120039602-120040210 | chrl5: 99557979-99559170 chri9: 35531781-35531991
chril: 120110498-120110719 | chrl6: 10479687-10480254 chrl9 36164078-36164286
chril: 120856726-120857174 | chri6: 1098523-1008875 chr19: 36351441-36352167
chril: 121322539-121323302 | chrio: 11327009-11327234 chrl9: 3671903-3672121
chril: 122854931-122855582 | chrl6: 1202415-1204624 chrl9: 3687787-3688262
chril: 123301050-123302149 | chri6: 12897366-12897889 chri9: 36909282-36909854
chril: 124709223-124700957 | chri6: 1392545-1392753 chr19: 37063893-37064749
chril: 124713006-124713395 | chri6: 1429051-1430104 chr19: 37095681-37006589
chril: 124932731-124933657 | chria: 1458144-1458435 chri9: 37157633-37158119
chril: 126225356-126226073 | chri6: 19421817-19422498 chrl9: 3721465-3721788%
chril: 126286452-126280870 | chri6: 203754-204866 chrl9: 37263382-37264083
chril: 12695415-12696981 chri6: 2054012-2054288 chrl9: 37328897-37329518
chril: 128391713-128392611 | chrl6: 2069719-2070865 chri9: 37340919-37341262
chril: 129243999-129244567 | chrl6: 2077043-2077470 chrl9: 37341732-37342000
chril: 129245109-129246395 | chri6: 21294981-21295414 chrl9: 37568953-37569549
chril: 129685738-129686211 | chri6: 21831483-21%831944 chr19: 37803517-37803822
chril: 130029659-130030262 | chrl6: 2245867-2247100 chri®: 37957727-37958390
chril: 130297402-130298517 | chri6: 25078048-25078532 chrl19: 37959853-37960615
chril: 133825338-133827457 | chrl6: 2835064-2835958 chrl9: 38145827-38147219
chril: 134201785-134202407 | chr16: 28634441-28635031 chrl9: 38182794-38183327
chril: 13689589-13690724 chrié: 287S52083-28752332 chri®: 38210108-38210692
chrii: 15094958-15095872 chri6: 29624388-29625391 chri9: 3821975-3822278
chril: 1592499-1892810 chrl6: 20887789-298388316 chrl9: 38754847-38755699
chril: 16632500-16632725 chrl6: 30428871-30429799 chr19: 38852312-38853485
chrlt: 17373020-17373665 chrl6: 3078142-3078553 chri9: 39339917-39361160
chril: 17565767-17566052 chrié: 3079537-3079954 chri19: 39440405-39441011
chrll; 18067717-18067928 chrl6: 30913356-30913942 chrl9: 39574701-39575137
chril: 18415923-18416680 chri6: 31008833-31009036 chr19: 39687398-39687964
chrll: 18727321-18727727 chrlé: 31117102-31117435 chri9: 39810993-39811293
chril: 19798538-19798949 chri6: 31213567-31214287 chr19: 39894559-30894768
chril: 20385162-20385673 chri6: 31342453-31343140 chrl9: 39993358.39993765
chril: 2165136-2165672 chri6: 31483277-31443646 chr19: 39997591-39998291
chril: 22362863-22363377 chri6: 31580071-31580317 chr19: 40323908-40325005
chril: 22850766-22851367 chrié: 31580560-31581023 chri9: 40732076-40732665
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chrll: 2290105-2292932 chri6: 3199653-3199937 chrl9: 41025315-41026106
chril: 2465172-2465648 chrlé: 3225355-3225594 chr19: 41055125-41058533
chril: 2466248-2466818 chrié: 32822902-32823585 chr19: 41060059-41060568
chril: 27740645.27741236 chrié: 3355021-3336012 chri®: 41106059-41106415
chril: 30040073-30040294 chrl6: 4166636-4167012 chrl9: 41109614-41110075
chril: 30606005-30608128 chri6: 4357553-4357955 chrl9: 41111084-41111767
chril: 3181575-3182120 chrio: 4363936-4364151 chr19: 41115446-41115767
chril: 32354761-32355484 chrié: 4377509-4378162 chr19: 41119032-41120394
chrll: 32448262-32449744 chrl6: 4421643-4422246 chrl9: 41633777-41634047
chril: 35547140-35547396 chri6: 4587837-4588890 chrl9: 41698744-41699325
chril: 416420-417650 chrie: 46823933-46824263 chrl9: 42419339-42419564
chrll: 43596991-43597336 chrl6: 47176788-47178446 chrl9: 42501262-425014%6
chrll: 43902255-43902528 chrl6: 48399731-48400040 chrl9: 42720827-42722132
chril: 45307442-45307975 chrié: 50581476-30582735 chri9: 42901017-42901375
chril: 45686161-45687495 chri6: 52579637-52580845 chrl9: 42905724-42906350
chrll: 45921388-45922167 chrl6: 52581294-52581610 chrl9: 42927286-42928598
chril: 46316876-46317485 chri6: 34316904-54317149 chr19: 43979360-43979684
chril: 46389075-46389378 chri6: 54962423-34967805 chri19: 44324437-44325009
chril: 47736740-47737106 chr16: 55357522-55359040 chrl9: 44405818-44406053
chril: 49229718-49230040 chrlé: S6224732-56224980 chri9: 44763979-44764312
chrll: 504190-504659 chrl6: 56225256-56226351 chr19: 44952417-44952809
chril: 37117316-871175875 chri6: 56677121-56677598% chr19: 45257704-45257918
chril; 57243682-57244463 chrié: S6701864-56702208 chrl9: 45281134-45281355
chril: 57249947-57250848 chrlé: S670338R-56703648 chri9; 4533070-453533¢
chril: 58940831-58%41052 chrlé: 37835956-57836989 chrl9: 4558364-4558579
chril; 61061752-61063063 chri6: 58058713-58058928 chr19: 45655294-45657246
chril: 61159837-61160285 chrl6: 58535041-58535596 chri9: 45843871-45844418
chril: 61283865-61284147 chria: 66638255-66639561 chrl9: 43888769-43889465
chrll: 61322733-61323285 chrl6: 66982435-66982945 chr19: 45947711-45948047
chrli: 61335113-61335340 chrl6: 67034471-67035340 chrl9: 46032305-46032855
chril: 61355039-61355363 chr16: 67188614-67189652 chr19: 4607080-4607350
chril: 61519742-61519972 chria: 67193006-67193219 chr19: 46144873-46145631
chrll: 61722745-61723483 chrlé: 67196793-67199988 chrl®: 46282545-46283127
chril: 62476771-62477481 chrl6: 67204209-67204637 chrl9: 46379884-46380207
chril: 62690975-62691488 chrié: 67211934-67212509 chrl9: 46456210-46456503
chril: 62693374-62694772 chrie: 67312897-67313731 chri9: 46518284-46520080
chril: 63685490-63685968 chrl6: 67364059-67564332 chrl9: 46974558-46975073
chrll: 63775347-63775613 chrl6: 67700010-67701354 chrl9: 46996328-46008437
chril: 63803376-63804365 chri6: 68002838-68003039 chrl19: 47137781-47138070
chril: 64038965-64039306 chri6: 68273546-68274084 chri9: 47614409-47614661
chril: 64409878-64411253 chrlé: 68678687-68680149 chri9: 47910108-47910563
chrll: 64993281-64993484 chri6: 69760294-69760506 chrl9: 47922252-47922777
chri®: 48216487-48216837 chr22: 23522551-23524465 chro: 10410110-10410690
chri9: 43833395-48833720 chr22: 23908323-23909178 chré: 10414217-10414498
chrl9: 48837142-48837549 chr22: 24110030-24110995 chr6: 10415019-10415318
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chrl9: 48901805-48902123 chr22: 245351814-24552696 chré: 10417385-10417842
chrl®: 49061546-49061769 chr22: 26565200-26565986 chré: 10419400-10420323
chrl9: 49199965-49200184 chr22: 2715269R8-27153133 chr6: 10421415-10421727
chri9: 49242019-49242962 chr22: 29426511-29426843 chr6: 10422322-10422648
chri9: 49255779-49256495 chr22: 29467292-29467317 chr: 10426201-10426638
chri9: 49340489-4934077 chr22: 31218227-31218893 chré: 103627407-105627830
chrl9: 49522774-49523093 chr22: 3202629R-32026874 chr6: 106958233-106958718
chri9: 49575130-49576076 chi22: 33453893-33454505 chr6: 106959765-106960985
chrl®: 49646(093-49646308 chr22: 37653606-37655839 chrt: 108436110-108436522
chri9: 49655103-49655395 chr22: 37730552-37731415 chrd: 108455061-108455273
chrlQ: 49935752-49936275 chr22: 3807303R-3R073412 chr6: 112575092-112575483
chrl9: 49939611-49940045 chr22: 38453188-38453503 chr6: 117584585-117584%16
chrl®: 30016532-50016851 chr22: 38808785-38809017 chro: 118241348-118241569
chri9: 530030982-30031300 chr22: 39745984-39746634 chre: 124124178-124125309
chri9: 50037079-50037670 chr22: 39853324-39854065 chré: 125283125-125284389
chri9: 50096610-50096912 chr22: 40057942-40058844 chr6: 125420744-125421141
chri9: 50183923-530184172 chr22: 40390485-40391490 chr6: 127336731-127837706
chri9: 30312012-50312821 chr22: 42062791-42063002 chre: 1311069-1314220
chrl9: 50651174-50651535 chr22: 42470036-42470669 chré: 132271357-132271658
chri9: 50706483-50707196 chr22: 43505952-43506167 chr6: 134159127-134159349
chri9; 50708602-50708855 chr22: 45015934-45016488 chr6: 134213960-134214351
chri9: 30831455-50832070 chr22: 45403037-45406372 chre: 13873766-13874262
chr19; 50833814-50834128 chr22: 46262066-46263747 chr6: 13925100-13925510
chri9: 50836391-50837447 chr22: 46366727-46368726 chr6: 146136326-146136564
chri9; 51069360-51069600 chr22: 50328694-50329178 chr6: 150246753-150247257
chri®: 31161924-51162514 chr22: 50453057-50454137 chres: 150284683-150286515
chri®: 51198809-51199347 chr22: 50628950-50629249 chré: 150463772-150465002
chri9: 51227662-51228883 chr22: S09%2571-50082994 chr6: 151561284-1515625850
chrl9: 51321268-51321781 chr3: 101497831-101498648 chrt: 151646669-151646958
chrl9: 31416003-51416249 chr3: 101568108-101569046 chré: 152128823-152129771
chr19: 51522005-51522803 chr3: 10206450-10207024 chré: 152623280-152623480
chri9: 51568155-51568412 chr3: 112930438-112931506 chr6: 152057811-152958472
chrl9: 51842129-51842353 chr3: 113251700-113252290 chr6: 155316300-155317197
chri9: 32206245-82206726 chrd: 117716101-117716564 chr: 158957221-158958677
chrl®: 52207133-52207731 chr3: 119041383-119042255 chré: 159290674-159291195
chrlQ: 82222424-52223208 chr3: 119421856-119422334 chr6: 1604607-1615866
chrl9: 52452317-52452543 chr3: 120003884.120004426 chr6: 166267510-166268461
chrl®: 32531324-52531724 chrd: 120626881-120627579 chra: 166401527-166402659
chri9: 52800400-52800871 chr3: 122640714-122641355 chrd: 17102310-17102539
chri9: 52839445-52839937 chr3: 12328995-12329227 chr6: 19837505-19839314
chri9: $2900956-52901158 chr3: 124303530-124304092 chr6: 21394614-21596437
chrl®: 3293011-5294211 chr3: 124931162-124931747 chro: 21664508-21065178
chri®: 53030825-53031359 chr3: 126242784-126243358 chro: 21665716-21666031
chri9: 53073309-53074039 chr3: 127391012-127392434 chré: 21666656-21666862
chri9: $3104385-53105149 chr3: 12814525R8-128145656 chr6: 24360030-24360411
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chrl9: 33141176-33141813 chrd: 128205496-128212274 chré: 25652381-25652709
chrl®: 53193140-53193945 chr3: 128336407-128337113 chré: 26020672-26021125
chrl9: 5339641-5341061 chr3: 12R564772-128565007 chr6: 26021958-26022193
chri9: 53400461-53401205 chr3: 129323916-1289325332 chr6: 26044204-26044469
chri9: 33426079-53426389 chrd: 1293453668-129346521 chr: 26045645-26046033
chri9: 53496733-53497028 chr3: 129721369-129722131 chré: 26172034-26172398
chrl9: 833606060-53606784 chr3: 13008649-13000210 chr6: 26184037-26184336
chrl9: 33633626-53636230 chrd: 131753881-131754139 chr6: 26197071-26197537
chrl®: 33661431-53661848 chrd: 133464950-133465420 chra: 26199198-26199466
chri®: 53662190-53662500 chr3: 134082861-134083201 chr: 26204765-26205213
chri9: 53696030-53696650 chr3: 13412548R-134125871 chr6: 206217212-2621752]
chri9: 54023869-54024560 chrd: 136751342-136751683 chr6: 26240698-26240951
chrl®: 34024646-54024923 chrd: 138153270-138154621 chr6: 26250437-26250827
chri9: 54369388-34369809 chr3: 140769887-140771080 chré: 26251899-26252233
chrl9: 54382665-54382951 chr3: 145878431-145879287 chré: 26271346-26271588
chri9: 54409967-54410200 chrd: 145968335-145969008 chr6: 26272471-26272696
chrl9: 34599161-54599456 chr3: 150802997-150805168 chr6: 26273291-26273557
chri9: 34665922-34666377 chrd: 152552603-152553712 chrt;, 26987599-26988074
chri9: 54982389-54982897 chr3: 156533840-156335131 chré: 27100175-27101124
chrl9: 5536532-5536789% chr3: 15715526R8-157135826 chr6: 27107139-27107394
chrl9: 55591434-55591644 chr3: 158288801-1538289271 chr6: 27598688-27599146
chri9; 35591906-55593980 chr3: 159756633-139756997 chr:, 27777856-27778251
chrl9: 55667533-55668465 chr3: 160822495-160823260 chre: 27782248-27782485
chri9: 55672024-55673212 chr3: 168364031-168864449 chr6: 27791781-27742217
chrl9: 5567319-5567939 chr3: 169482339-169483052 chr6: 27798991.27799427
chrl®: 35865017-55865434 chr3: 169487146-169487522 chrés:, 27835191-27835461
chrl®: 55865825-55866324 chr3: 173113271-173113681 chré: 28367125-28367651
chri9; 55953372-55954641 chr3: 179168736-179169393 chr6: 2841811-2842273
chrl9: 56159258-56159937 chr3: 179754521-179755245 chré: 2875602-2875811
chrl9: 36728589-36729375 chr3: 181413015-181414022 chré: 2971087-2971962
chrl®: 56879418-56879995 chr3: 181430142-181431076 chré: 3231596-3232289
chrl9: 836904637-56905355 chr3: 1814371R85-181437478 chré: 32632159-32633027
chrl9: 36913357-56915856 chr3: 182896921-182897381 chr6: 33539023-33539339
chri9: 37049676-37050646 chrd: 182971430-182972635 chrd: 36098040-36098621
chrl®: 57078366-57079301 chr3: 183542497-183543804 chré: 39196818-39197517
chri9: S7106576-57106896 chr3: 184319377-184319822 chr6: 40354596-40355928
chrl9: 57149424-57149631 chr3: 184320006-184320218 chr6: 40995803-40996241
chrl®: 37276615-57276942 chrd: 184321784-184322277 chrt: 41339237-41340027
chri9: 57702697-57703425 chr3: 18485113-18487056 chrd: 41410590-41411140
chrl9: S57831600-57832250 chr3: 184971642-184972002 chr6: 41438063-414385%4
chrlS: 57862442-57863236 chr3: 18S000558-185000896 chr6: 42100905-42110361
chrl9: 37874764-57875110 chrd: 186490603-186490813 chrd: 4282005-4282310
chri®: 537999026-57999613 chr3: 186648175-186649103 chrd: 42928219-42928810
chri9: 53011125-58011743 chr3: 187455331-187455843 chré: 43021126-43021694
chri9: S802235-3802569 chr3: 187456251-187436580 chr6: 43044045-43045057
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chrl9: 38038373-38039208 chr3: 187457732-187457948 chré: 43142014-43142217
chrl®: 38070554-58071273 chr3: 188663276-188665552 chré: 43237261-43237643
chri9: S8111230-58111770 chr3: 193720954-193721291 chré: 43970074-43970922
chrl9: 358123531-38125902 chr3: 193776092-193776308 chr6: 44119527-44119781
chri9: 38175624-38176104 chrd: 193858771-193859695 chr: 44187187-44187400
chri9: 58220190-58220517 chr3: 194117602-194118988 chrt: 43387347-45388164
chri9: S8280G927-58281486 chr3: 1942073R6-194208785 chr6: 4775132-4777550
chrl9: 38446337-58446800 chrd: 196255496-196256013 chr6: 49518316-4951918%06
chrl9: 38458687-58459219 chrd: 197281606-197283128 chra: 52441270-52441793
chri9: 58609339-58609988 chr3: 197391890-197392481 chrd: 53212618-53214043
chri9: 53661738-58662287 chr3: 23244051-23245071 chr6: 54711154-34712033
chri9: 58666024-58666833 chrd: 24535845.-24537436 chr6: 56407465-56407926
chrl®: 38739944-58740554 chrd: 24870675-24871369 chro: S6818874-S6820308
chri9; 58858454-38859223 chrd; 27410613-27411066 chry: 69345217-69345483
chri9: 58951215-58952250 chr3: 27756213-27756422 chré: T70576975-70577572
chrl9: 59025309-59025705 chrd: 27756661-27756941 chr6: 710835-711297
chrl9: 6199293-6199551 chr3: 32021970-32023364 chr6: 7141037-7141576
chri9: 6463992-6464780 chrd; 32443153-324434S88 chré: 72129509-72130756
chrl9: 6530827-6531352 chr3: 38035702-38036000 chre: 73972820-73973027
chri9: 6740670-6741203 chr3: 38040290-38040535 chr6: 74019429-74020053
chrl9: 675672-675881 chr3: 38080629-38081187 chr6: 74024403-74025020
chri9: 6767946-6768160 chrd: 38179838-38180689 chré:, 74161087-74162090
chrl9: 631346-681576 chr3: 40428652-40429015 chré: 74233269-74233546
chri9; 7953281-7953708 chr3: 40657160-40657395 chr6: 75794881-757495088
chrl9: &273331-8273920 chr3: 44690127-44690587 chrt: 75914706-75916387
chri®: 8274242-8273045 chrd:; 44726929-44727237 chr: 83073417-83075319
chrl®: 9473590-9474001 chr3: 44754100-44754399 chré: 87647254-87647707
chri9; 9896564-9806994 chr3: 44770937-44771137 chr6: 94126273-94129677
chr2: 100937780-100939059 chr3: 45187027-45187946 chr6: 96463870-96464136
chr2: 101033607-101034296 chr3: 46734732-46735717 chré: 99279318-99283842
chr2: 10260280-10260931 chr3: 46742765-46743086 chr?7: 100091181-100091598
chr2: 1027S58R07-102739577 chr3: 46887629-46887919 chr7: 100167137-100168144
chr2: 105488369-105489991 chr3: 46940055-46940394 chr7: 100201615-100203652
chr2: 105760110-105761018 chrd: 30275394-50275645 chy7: 100224271-100224558
chr2: 106886119-106886738 chr3: 50377804-50378540 chr?7: 100230650-100231320
chu?: 107502354-107504216 chr3: 50402104-50402942 chr7: 100434983-100435193
chr2: 10861207-10862382 chrd: 50604906-50605359 chr7: 100845051-100845726
chr2: 110370907-110373301 chrd: 51989764-51990639 chr7: 102157824-102158510
chr2: 1105180472-110318913 chr3: 52279602-52280140 chr7: 102329951-102330654
chr?: 112656187-112656918 chr3: S3190510-53190764 chr7: 104624338-104624348
chr2: 119981080-119981818 chr3: 54155240-54157025 chr7: 106684814-1006085765
chr2: 121101047-121101432 chrd: 55515153-55515613 chr7: 108095402-108097206
chr2: 121101801-121104534 chr3: 55517659-55517939 chr7: 114562171-114563193
chr2: 121104713-121104935 chr3: 55519090-55519623 chr7: 115850371-115851028
chr2: 121199724-121199993 chr3: 55520227-55522344 chr7: 116139775-116140352
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chr2: 121200504-121200788 chr3: 33322561-55522836 chy7: 121513047-121513911
chr2: 121499229-121499578 chr3: 56501869-565023458 chr7: 12610166-12610834
chr?2: 121624828-121625209 chr3: S7198244-57199378 chr7: 126891301-126894205
chr2: 127643801-127644104 chr3: 37994922-57995218 chr7: 126987644-126988233
chr2: 127729673-1277299G5 chrd: 59035407-59035944 chy7: 127880751-127881375
chr2: 128173476-128173793 chr3: 62304515-62304780 chi7: 128509207-128510201
chu?: 123180295-128181381 chr3: 628596G1R-62861190 chr7: 128530630-128531356
chr2: 130691703-130692102 chr3: 64430586-64431192 chr7. 128809090-128809393
chr2: 131129719-131130511 chrd: 63534685-65535344 chr7: 128828334-128R29366
chr2: 131513364-131514183 chr3: 69129059-69129515 chr7: 130126018-130126801
chr2: 131720820-131721867 chr3: 69434927-69435583 chr7: 130417913-130419378
chr2: 131792238-13179318¢9 chr3: 69591012-69592050 chr7. 132260475-132262527
chr2: 132121264-132121762 ched: 72788(073-72788416 chr7: 1329382-1329673
chr2: 132285409-132285992 chrd: 73673231-73674375 chr7: 133812006-133812233
chr2: 133173533-133174369 chr3: 74663507-74664121 chi7: 138666359-138666972
chr2: 133426653-133428870 chrd: 75834255.75834761 chr7. 138720045-138721019
chrZ: 134023948-134024467 chr3: 77088499-77039198 chr7: 139167481-139168712
chr2: 134785626-134785845 chr3: 85008285-83008837 chr7: 14029379-14029593
chr2: 1458273457-145275378 chr3: 96532024-96533625 chr7: 1408517-1408878
chr2: 148281737-145282269 chr3: 98451287-98452225 chr7: 148036495-148036848
chr2: 14772378-14775809 chr3: 98620132-98620910 chr7: 143982080-148982675
chr2: 134334450-154335458 chr3: 9904332-9904811 chr7: 149119399-149120307
chr2: 155554006-155556069 chr3: 9956823-9957664 chr7: 149495-150038

chr2: 160654230-160654631 chr3: 99594970-99595215 chr7: 150019951-150020752
chr2: 160918675-160919177 chr3: 9993731-9994136 chr7: 150655109-150655643
chr2: 161263872-161264460 chrd: 1005931-1006282 chr7: 150675207-150673866
chr2: 162930234-162930879 chrd: 102711830-102712199 chr7: 150676179-150676585
chr?2: 164592918-164593511 chrd: 103997209-103998047 chr7: 151078463-151079536
chr2: 166649910-166650966 chrd: 10462833-10463689 chr7: 151136934-151137273
chr2: 168149034-168150797 chrd: 10496533-1049923 chr7: 154861798-154862074
chr2: 171569878-1715873904 chrd: 109683730-109684362 chr7: 155579869-155580392
chr?2: 172944985-172945384 chrd: 11153264R8-111533391 chr7: 156810573-156814593
chr2: 172943912-172946212 chrd: 113435899-113438002 chr7: 158785262-158785771
chr2: 172947844-172948200 chrd: 113445023-113445350 chy7: 16460779-16461265
chr2: 172949243-172950126 chrd: 1161128-1161682 chr?7: 1703862-1710517
chu?: 17295129G-172952159 chrd: 118006539-11800685%9 chr7: 191876-193790

chr2: 172952810-172953160 chrd: 119273306-119274458 chr7: 20817456-2081822
chr2: 172959268-172962054 chrd: 123747741-1237489%0 chr7: 20823308-20825662
chr2: 172971046-172971387 chrd: 124333-124841 chr7: 21582444-21583313
chr?: 173600282-173600970 chrd: 124426781-124427157 chr7: 21985(72-21985842
chr2: 1746834-1748971 chrd: 126235896-126238930 chr7: 22893795-22894577
chr2: 174877566-174877778 chrd: 13529255-1352986S5 chr7: 23513535-23514412
chr2: 175193399-175193764 chrd: 13548571-13549956 chi7: 24323559-24325080
chr2: 175199464-175202639 chrd: 1396292-1401730 chi7: 25891957.25892615
chr2: 175204844-175207553 chrd: 141294667-141295274 chr7: 25898238-25898771
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chr2: 176989338-176989587 chrd: 142053328-142054601 chy7: 26191795-26192757
chr2: 176993480-176995557 chrd: 154143933-154144463 chr7: 27190275-27191115
chr2: 177001222-177001783 chrd: 154170369-154170600 chr7: 27104584-27194827
chr2: 177005365-177005666 chrd: 154605087-154606052 chr7. 27208872-27209616
chr2: 177029414-177029941 chrd: 156588298-156589292 chy7: 27212417-27214396
chr2: 177052958-177054350 chrd: 15704641-15705000 chi7: 27219310-27219750
chr2: 177502241-177502910 chrd: 1578926R6-157893286 chr7: 27224268-27224596
chr2: 180723718-180726465 chrd: 157997167-157997686 chr7. 27275056-27275626
chr2: 183902403-183903625 chrd: 166299976-166300668 chr7: 29603110-29603328
chr2: 185463209-185463589 chrd: 166794546-166795341 chr7: 30028519-30020822
chr2: 189156417-189137719 chrd: 168155006-168155765 chr7: 31232678-31232900
chr2: 191044980-191045829 chrd: 170946767-170947925 chr7: 35301151-35301731
chr2: 192109829-192110940 chrd: 171010944-171011503 chr7: 37487355-3748R672
chr2: 197457393-197458522 chrd: 175750331-178750584 chr?7: 37960317-37961046
chr2: 200320503-200329681 chrd: 176922474-176922820 chi7: 38670440-38671008
chr2: 201450527-201451027 chrd: 176923076-176923630 chr7: 42276004-42277850
chrZ: 201983199-201983709 chrd: 176986922-176987360 chr7: 42533077-42533283
chr2: 207308267-207308907 chrd: 183369277-183370459 chr7: 44079718-44080568
chr2: 20865290-20867589 chrd: 184319565-184320198 chi7: 44364433-44365328
chr2: 21022565-21022934 chrd: 184643915-184644414 chr7: 48128047-48128499
chrZ: 213402181-213403867 chrd: 186455984-186456864 chr7: 5111621-5112088
chr2: 214148958-214149426 chrd: 187476280-187476844 chr7: 51383312-51384938
chr2: 217236026-217237129 chrd: 190942735-190944898 chr7: 5336514-5336894
chr2: 217497812-217498847 chrd: 21950086-21950346 chr7. 54731780-54732479
chr2: 217556803-217557174 chrd: 26030421-26030692 chr7: 55000877-55001135
chr2: 218621280-218621498 chrd: 2765639-2766063 chr7. 56183578-56184165
chr2: 210156978-2191587380 chrd: 298804-2909312 chr7: 63767751-63767991
chr?2: 219252422-219252631 chrd: 30718854-30719847 chr7: 64349425-643580151
chr2: 219748277-219748805 chrd: 30721205-30724842 chr7: 64407590-64408299
chr2: 219762988-219763537 chrd: 330163-332068 chr7: 63037625-65037864
chr2: 219773547-219774103 chrd: 3464800-3465440 chr7: 65509075-655085%4
chr2: 219827660-219828205 chrd: 379900-380399 chr7: 65878464-65878977
chr2: 219866132-219868054 chrd: 38869402-38869780 chr7: 6654746-6655860
chr2: 219922155-219923130 chrd: 4108735-4109499 chy7: 69062375-69065037
chr2: 219924820-219926130 chrd: 41218315-41218768 chr7: 70060835-70061456
chr2: 220159439-220159977 chrd: 41646293-41646582 chr7: 73021487-7302172
chr2: 220196432-220196768 chrd: 41753670-41753947 chr7. 73867788-73868001
chr2: 220348956-220349784 chrd: 42399153-42400802 che7: 74202334-74203629
chr2: 220361463-220363254 chrd: 4577005-4577448% chi7: 74572475-74573770
chr?: 220377744-220377946 chrd: 46391904-46392572 chr7: 75889087-75889345
chr2: 220406364-220406840 chrd: 48271363-48271846 chr7: 758890498-73889760
chr2: 223288923-223290013 chrd: 48272027-48272298 chr7: 75896511-75896944
chr2: 223536123-223536565 chrd: 48492118-48493589 chi7: 76026791-76027223
chr2: 224701963-224702790 chrd: 4854614-4855210 che7: 77649015-77649543
chr2: 225906654-225907464 chrd: 4873263-4873613 chr7: 82072022-82073520
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chr2: 228582486-228582821 chrd: 48908293-48008850 chr7: 82791675-82792412
chr2: 228736231-228736544 chrd: 52917389-52918280 chr7: 8473140-8475199
chr2: 229045958-229046553 chrd: 53617119-53617607 chr7: R4814840-84816242
chrZ: 230135709-230136004 chrd: 55991403-55992171 chr7. 852961-853230
chr2: 231692698-231693496 chrd: 5713036-5713451 chy7: 87256959-87258444
chr2: 231712776-231712982 chrd: 57687611-537687906 chi7: 88388489-883830283
chr?2: 231902027-231903122 chrd: 62065884-620688(1 chr7: 90225083-90226364
chr2: 43227674&2322771 35 chrd: 667274-667601 chr7. 915754-916644
chr2: 232765247-232765491 chrd: 7194538-7195467 chr7: 94536350-94537477
chr2: 232791576-232792016 chrd: 74486045-74486258 chr7: 95025560-95026122
chr2: 2333677R1-233368577 chrd: 74702421-74702627 chr7: 96631384-96631800
chr2: 233740669-233741879 chrd: 74809870-74810089 chr7. 96746768-96747190
chr2: 234776883-234777098 chrd: 74864114-74864329 chr7; 98971650-98973170
chr2: 236578081-236580153 chrd; 74964657-74%65279 chr7: 993402-994574
chr2: 238395062-238396241 chrd: 77507078-77507339 chi7: 99768885-99769559
chr2: 23%599858-238601430 chrd: 77610325-77610943 chr8: 102092795-102093240
chr2: 238768074-238768831 chrd: 786119786341 chr8: 103822615-103823263
chr2: 2397553097-239738310 chrd: 7940564-7941853 chr8: 104310810-104311620
chr2: 241391877-241393598 chrd: 79472807-79473177 chr&: 104383410-104384109
chr2: 241395249-241395802 chrd: 81123500-81124318 chr8: 104310871-104513913
chrZ: 241771656-241772194 chrd: 81124469-81124845 chr8: 105235385-105235979
chr2: 241855375-241855631 chrd: 81951942-81952808 chr&: 105600454-105601704
chr2: 241922778-241923143 chrd: 8594413-8594777 chr&: 10586614-10586836
chr2: 242498014-242499274 chrd: 87515184-87515735 chr8: 107669778-107670591
chr2: 242742599-242743758 chrd: 8869045-8870067 chr8: 110374553-110374793
chr2: 242785912-242786616 chrd: 8893372-8896268 chr®: 110S8625-11058844
chr2: 242808406-242808618 chrd: B9378224.80378948 chr8: 11059012-11059242
chr?2: 242823447-242823970 chrd: 91048412-91049682 chr8&: 110086114-110986983
chr2: 24300061-243002%4 chrd: 93678799-95679809 chr8: 11555100-11555603
chr2: 26396103-26397204 chrd: 102201584-102201912 chr®: 117598563-11760212
chr2: 26401696-26402099 chr3: 10307521-10307913 chr8: 119963947-119964178
chr2: 26407423-26408253 chrS: 112630220-112630624 chr&: 119964390-119964637
chr2: 26726190-26726710 chrd: 112823257-112824304 chrS: 120220389-120221222
chr2: 26785115-26785687 chrd: 113391072-113392005 chr®: 12990091-12990014
chr2: 27341568-27341923 chrs: 113696517-113699195 chr®: 13133843-13134312
chu2: 2795820R-27958723 chrS: 115151349-1151352713 chr8: 131455249-131456285
chr2: 31360322-31361821 chrs: 11903551-11904703 chr8: 133492399-133493586
chr2: 31456741-31457653 chrd: 121412501-121414077 chr®: 142318354-142319155
chr2: 38763115-38763564 chrs: 121647451-121648147 chr8: 143530646-143530872
chr?: 42068364-42068594 chrS: 122424906-122425938 chr8: 143531119-143534495
chr2: 43864323-43864956 chrS: 122426126-122426836 chr8: 143536715-143556997
chr2: 45161428-45163058 chrd: 122433879-122435551 chr®: 144099457-144099731
chr2: 45235512-45237792 chr3: 125930602-125931049 chr8: 144503421-144503808
chr2: 47499465-47499813 chrs: 12¢ 304998 126565580 chr&: 144640397-144640772
chr2: 47796924-47799166 chrS: 127872564-127874945 chr8: 144798488-144799038
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chr2: 487537212-48757785 chrd: 128300801-128301329 chr®: 144822012-144822805
chr2: 54785027-34785969 chr3: 128795504-128797417 chr8: 144842965-144843542
chr2: 56410866-56412539 chrS: 131346893-131347776 chr&: 145555343-145562310
chr2: 38273643-58274422 chrd: 132155289-132155497 chrS: 145607880-145698784
chr2: 64836207-64836765 chrd: 132946745-132948467 chr®: 1458700239-145700822
chr2: 65086805-65087180 chrs: 134824932-134823224 chr®: 145806259-145806713
chr2: 66660453-66660794 chrS: 134827286-134827644 chr8: 143909677-1459123846
chr2: 60661119-66661657 chrs: 135170272-135171156 chr8: 15397637-15398287
chr2: 68870352-688710SS chrd: 135527057-135528978 chr®: 16834364-16885339
chr2: 69240084-69241004 chr3: 139017134-139017668 chr8: 17354322-17355250
chr2: 70351316-70351550 chrS: 139040820-139041028 chr& 1771362-1772760
chr2: 7057531-7058433 chrd: 139047906-139048235 chr8: 22089368-2208566%
chr2: 70094448-7099538S chrd: 139076543-139077179 chr®: 22408673-22400635
chr2: 71192095-71192498 chr3: 139081002-139081202 chr&: 22456092-22456508
chr2: 71503548-71504233 chrs: 139135590-139135976 chr&: 22457124-22457753
chr2: 71680559-71681276 chrd: 139174905-139176172 chr8: 22960385-220600927
chr2: 71693165-71694127 chrs: 139227606-139228279 chr8: 23081957-23082975
chr2: 73151201-73152060 chrd: 139742900-139743148% chr®: 23260443-23261867
chr2: 74347274-74347777 chrs: 139927158-139927491 chr&: 24770909-24772547
chr2: 74425445-74426423 chrS: 140011483-140012739 chr8: 25897201-25897612
chr2: 74725040-74727038 chrS: 140167092-140168139 chr8: 26371173-26372830
chr2: 74776017-74776897 chr3: 140207726-140208078 chr8&: 27183091-27183390
chr2: 74781495-74782685 chrS: 140261885-140262153 chr&: 27348659-27348883
chr2: 75147006-75147336 chrS: 140531158-1405332017 chr8: 29210484-29210801
chr2: 75426593-75428030 chrs: 140568217-140569118 chr8: 33371898-33372526
chr2: 7371072-7571642 chr5: 140573424-140574316 chr&: 35092680-35093559
chr2: 75787718-7578%312 chr3: 140604454-140605304 chr8: 35093901-35094111
chr2: 79220193-79220592 chrS: 140615392-140616353 chr&: 3R8325092-38326374
chr2: 79739697-79740243 chrs: 140620865-140621698 chr8: 38644474-38645760
chr2: 83359957-85362593 chrd: 140741175-140741738 chr®: 40755165-40755404
chr2: B5640970-85641259 chr3: 140750051-140750264 chr8: 41624556-41625380
chr2: 85811341-85811855 chrS: 140762402-140762768 chr8: 41654876-41655984
chr2: &5980500-85082198 chrs: 140767197-140767695 chr8: 49231523-49231810
chr2: 8818293-8818503 chrd: 140777443-140777938 chr®: 494156-496083
chr2: 88316234-88316859 chrs: 140802400-140802832 chr8: 49647703-49647988
chr2: 88469692-88470386 chrS: 141132812-141133338 chr8: 54369668-34570010
chr2: 96054895-96055143 chrS: 141228931-141230084 chr8: 54789582-54790665
chr2: 96192056-96193072 chrd: 141705392-141705688 chr8: 54791846-54795141
chr2: 96314996-96313230 chrs: 142782072-142785071 chr8: 57232371-57232795
chr2: 98703355-9R870388%9 chrS: 145316146-145316354 chr&: 58907002-589(7822
chr20: 1206680-1207119 chrS: 146257347-146258575 chr8: 60030135-60032356
chr2(; 13200671-13202616 chrd: 146614284-146614560 chr®: 61193313-61194195
chr20: 13975769-13976287 chrs: 149681703-149682601 chr8: 65491084-65491319
chr20: 13976701-13977068 chrs: 150004671-150004984 chr&: 65492936-65494452
chr20: 18039533-18039928 chrS: 150284386-150284635 chr8: 6691834-6693135
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chr2(; 1874934-1875718 chr3: 150325905-150326194 chr®: 67089250-67089962
chr20: 19738040-1973977 chr3: 150537020-1505837418 chr8: 6949350-6950039
chr20: 22562737-22566104 chrS: 151304227-151304824 chr&: 70946891-70947200
chr20: 23028404.23032218 chrd: 153853057-153853551 chr8: 72917306-72917641
chr2(; 24898955-24890181 chrd: 153862143-153862451 chr®: 74005022-74005856
chr20: 30196119-30196385 chrs: 154026819-154027257 chr®: 7543874-7544385
chr20: 30582789-30583099 chrS: 15S00G77-15500023 chr8: R0695831-80696458
chr20: 30605745-30605970 chrS: 155107505-155108934 chr8: 81805956-81806327
chr2(: 3229239-3229693 chrd: 157002175-157003182 chr®: 82192379-R2193685
chr20: 32450501-32450765 chrs: 187285770-157286254 chr8: 82044604-82644849
chr20: 3386576R-33R66091 chrS: 1S87S8475-15875883%9 chr& RQR20767-8821112
chr2(: 3387966-3388901 chrS: 159343216-159343574 chr8: 89339966-89340441
chr2(: 34188720-34190267 chrd: 159738782-159739913 chr®: 95651207-95651760
chr20: 36793550-36793867 chr3: 160974693-160975384 chr8: 95652456-95652873
chr20: 37230524-37230742 chrs: 16179065-16180420 chr&: 956353899-95654733
chr2(: 37274692-37275134 chrd: 168727430-168728275 chr8: 97156764-97158030
chr20: 39311379-39312435 chrS: 170288880-170289737 chr8: 97505748-97507607
chr20: 39316551-39319987 chr3: 170877790-170878210 chr®: 9756178-9756993
chr20: 4202149-4202765 chr5: 172068287-172069174 chr&: 99305904-99306726
chr20:; 42285962-422865345 chrS: 172385523-172385912 chr®: 103173890-103174153
chr2(: 43438738-43439546 chrS: 172710766-172711062 chr9: 103790613-103791764
chr20; 44098281-44099536 chr3: 172754057-172757098 chr9: 103791945-103792173
chr20: 44452577-44453162 chrS: 174151479-174132364 chr9: 104248248-104249501
chr20:; 44539730-44540099 chrS: 175223610-175224679 chr®: 1051820-1052240
chr2(: 44642095-44642406 chrs: 175621334-175621827 chr9: 10612636-10613333
chr20; 44746823-44747060 chr5: 176236762-176238081 chr9: 107509907-107510768
chr20; 44935933-44937310 chr3: 176789979-176790296 chrS: 110249749-110252660
chr20: 45142001-45142337 chrS: 176830276-17683163% chr®: 112262011-112262317
chr2(: 45523251-45524020 chrs: 177098635-177099525 chr9: 112402768-112403349
chr2(: 47443735-47445181 chr3: 177366539-177366973 chr9: 114287381-114287695
chr20: 48598960-48599657 chr3: 177433282-177434067 chrg: 116111664-116112189
chr20: 50158905-501 59509 chrS: 177540208-177541234 chr®: 116450146-116450454
chrZ(: 55500348-55501102 chrS: 178016559-178017670 chr®: 116860474-116860695
chr2(:; 55839288-55839766 chrd: 178322714-178323538 chr9: 123631107-123631672
chr20: 55840217-55841794 chrs: 178367621-178368725 chr9: 123690772-123691675
chr20: 855964273-55964656 chrS: U7RTTG725-1T78772794 chr®: 124061806-124062229
chr2(: 55964917-55965271 chrd: 180479586-180480959 chr9: 124461798-124462190
chr2(: 36323974-56324254 chrd: 180542154-180542402 chr9: 124498514-124498962
chr20: 56725858-36720113 chr3: 2038528-2038949 chr9: 124975754-124976692
chr20: §7224696-57226322 chrS: 31855004-31855426 chr®: 125109008~125109644
chr20: S7581903-57582595 chrs: 36690208-36690658 chr®: 126135408-126136193
chr2(; 537797224-87797441 chrd: 373843-374426 chr9: 126762469-126762683
chr20: 59826978-50828978 chrs: 38556223-38557563 chr9: 126807511-126808181
chr20: 6103437-6103970 chrS: 38845503-38846476 chr9: 129677707-129673009
chr20: 61147458-61147787 chrS: 41510325-41510651 chr9: 130461544-130461839
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chr2(: 61200973-61201272 chrd: 42423531-42423740 chr9: 131012455-131013429
chr20: 61456340-61456365 chrs: 42424339-42425047 chrd: 131965038-131965636
chu20: 61884645-61886387 chrS: 42994627-42994936 chr®: 132020630-132021038
chr20: 61927195-61927482 chrsS: 429935123-42995415 chr®: 132082872-132083582
chr2(; 61937483-61937738 chrs: 43017969-43018663 chr9: 132099124-132099616
chr20: 61992187-61993599 chrs: 43040346-43040633 chr9: 132145577-132146328
clu20: 62600654-62601676 clrS: 43040846-4304116] chr® 132331219-132331458
chr20: 62673793-62674131 chrs: 43396898-43397364 chr9: 132359673-132360061
chr2(; 62714764-62715761 chrd: 472601-474261 chr9: 132382433-132383004
chr20: 62958974-62959513 chr3: 474959-473319 chr9: 132499969-132500553
che20: 708602-70G9290 chrS: 49736608-49737300 chr9: 13278313-1327980S8
chr2(: 8112885-8113592 chrs: 55776605-55777233 chr9: 132934214-132934483
chr2(; 9048939-9050018 chrs: 57878726-57879177 chr9: 133308594-133309448
chr20:; 9819272-9819861 chr3: 58334837-38335881 chrd: 133412891-133413096
chr2t: 18984536-18985697 chrS: 60921535-60922472 chr9: 1341351854-134153015
chr2l: 27011625-27012398 chrS: 6448754-6449629 chr9: 134158161-134158682
chr2l: 28216559-28218117 chrs: 66299769-66300083 chr9: 136451013-136451276
chr2l: 32929928-32932017 chr3: 67584214-67584451 chr9: 137217063-137218078
chr2l: 36041306-36043224 chrS: 68710808-68711520 chr9: 137299191-137299437
chr2l: 38119794-38120742 chrs: 691081-691376 chr9: 137533360-137534397
chr2l: 383352857-38353274 chrs: 72415612-72416766 chr9: 138985838-138987846
chr2l: 38362016-38362868 chrs: 72715408-72715997 chr9: 139014622-139014848
chr2l: 40032244-40033665 chrS: 72732366-72733732 chr9: 139159210-139159560
chr2l: 40760627-40760829 chrS: 74349R801-74350239 chr9: 139551255-139551559
chi2l: 42878752-42830674 chrS: 75378975-75380796 chr9: 139552948-139553269
chr2l: 43373136-43374062 chrs: 76011121-76012292 chr9: 139553660-139553915
chr2l: 43917047-43917268 chrs: 76115511-76116089 chr9: 139595846-139596130
chu2l: 44073202-44074650 chrS: 76941396-76941888 chr®: 139872238-139873143
chr2l: 45148455-45149262 chrd: 78365299-78365711 chr9: 140051063-140051730
chr2l: 46129392-46129689 chrs: 87437096-87437505 chr9: 140317161-140318663
chr2l: 46351329-46352911 chrs: 87976095-87976546 chr9: 14348685-14340074
chr2l: 46706692-46707049 chrS: 92906240-92908875 chr®: 14349308-143495158
chr22: 17849475-17850733 chrd: 94619460-94621121 chr9: 17134822-17135706
chr22: 18923471-18923840 chrd: 95170618-95170855 chrS: 214587-215431
chr22: 19753313-19753013 chr3: 9544693-9346715 chr9: 21359134-21559816
clu22: 21319179-21319912 clrS: 96038210-96038884 chr®: 2241892-2242102
chr22: 22862624-22863220 chré: 101841426-101841905 chr®: 27528358-27528725
chr: 27528977-27529885
chr®: 33044246-33044612
clu9: 33447447-33447824
chrS: 33750520-33751160
chr: 34377402-34377610
chr9: 34379542-34380017

chr9:

34577867-34578258

chr9:

34589114-34591978

245




WO 2023/147567

chr%:

chr®:

35756945-38757339
36036799-36037564

chr9:

3625R1TI-36258886

chr9:

37575919-37576445

chr:

38069785-38069991

chro:

38423948-38424584

chr®:

4297818-4300182

chr9:

40148701-46149726

chr:

4662253-4662951

chr9:

707022-707420

chr9:

T1788716-71789542

chr9:

72658837-72659277

chr:

77502094-77502518

chr®:

7O073908-79074561

chr9:

79520804-79521508

chr9:

80911780-80912611

chr9:

85677016~ 8‘67?3”?

chr9:

86571048-86372

chr9:

885 7486*8838708

chr9:

88713706-88714908

chr9:

8O560585-89562647

chr9:

90112515-90113817

chr9:

80340716-90341542

chr9:

G0589210-90589807

chr9:

93563776-93564546

chr9:

93953501-93956420

chr9:

94183408-94183994

chr9:

G5569430-95572255

chr9:

93896008-95897016

chr%:

97021465-97021967

chr9:

T766650-97707955

chr9:

Q7810766-97811272

chr9:

99145525-99145849

Table 4: Additional Example CGls

PCT/US2023/061606

chri:

10762450-10766928

chriZ:

101107864-101113622

chrl7:

chri:

110608266-110615303

chrl2:

103694091-103698418

chrl7:

chrl:

1132635874-1132677R7

chrl2:

104693349-104699984

chrl7:

chri:

113284333-113289172

chri2:

106972413-106983086

chrl7: 4998370-5003205

chrl:

114693137-114698672

chri2:

113011100-113015529

chrl7:

chri:

115878168-115883332

chriZ:

113513165-113517970

chri7:

chrl:

116378360-1163843064

chrli2:

113588807-113593304

chr17. 59526980-5953725

246

48039283-48045064
48192635-48197085
48543571-48548900

50233176-50238466
59483574~ ‘§948”780
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chrl: 1179757-118447¢ chrl2: 113898751-113918717 chrl7: 6614423-6619471
chri: 119524783-119532712 chri2: 114831912-114854360 chrl7: 6677206-6681710
chri: 119541057-119553320 chriZ: 114876144-114888579 chel7: 70109980-70122442
chrl: 12121489-12126148 chrl12: 115107504-115112061 chrl7: 71946479-71951255
chrl: 145073484-145077845 chrl2: 117796077-117801448 chrl7: 72853622-72860012
chrl: 146550329-146554577 chri2: 119210111-119214393 chrl?: 72913569-72918510
chrl: 1468605-1477220 chri2: 120833S5R7-120837927 | chrl7: 73747619-73752178
chri: 147780067-147784473 chri2: 122014171-122019693 chrl7:. 74015770-74020658
chrl: 149330994-149335389 chrl2: 123732050-123756373 chrl7: 74531282-74536566
chri: 155145186-155149444 chri2: 127208779-127213651 chrl7: 73240872-75254180
chrl: 155262319-155267536 chri2: 12793R452-127942907 | chrl7: 73275318-73280172
chrl: 155288607-155293001 chrl2: 129335871-129340653 chrl7. 75366689-75372506
chrl: 156103708-156108171 chrl2: 130385610-130391139 | chrl7: 7539628S5-75400327
chrl: 156336759-156341251 chri2: 130906778-130911191 chrl7: 7544547 85,’.‘)449&21
chrl: 156356051-156360252 chri2:; 131197825-131202157 chrl7: 77803867-77811046
chrl: 156388404-156393581 chri2: 132903450-132908206 chrl7: 7830533-7835104
chrl: 156861416-156865711 chrl2: 14132627-14137242 chrl7: 73997641-79001641
chrl: 160338605-160342843 chri2: 15473319-15477901 chrl7: 7903928-7909445
chrl: 161693638-161699298 chri2: 184854-189610 chrl7: 79312963-79322653
chrl: 164543541-1645347017 chri2: 29300035-29304954 chrl7. 79857809-79862963
chrl: 165321704-165328328 chrl2: 3306813-3312270 chrl7: 932418-937088%
chrl: 16858874-16864296 chri2: 3473011-3477654 chri®: 11146308-11151936
chri: 170628457-170632851 chri2: 41084523-41089102 chri&: 11748954-11754756
chri: 173636663-173641045 chri2: 45442203-45447386 chri8: 12252148-12257089
chrl: 175566377-175570808 chrl2: 48397169-48401372 chrlB: 13639585-13644415
chrl: 177131393-177135846 chri2: 49181050-49185282 chri®: 13866533-13871026
chrl: 179542721-179547307 chri2: 49369691-49377550 chri8: 19742937-19754363
chrl: 1RG196120-180206975 chriZ: 49482921-40487178 chri8&: 30347691-30354302
chrl: 181285301-181289873 chri2: 3016586-5023171 chriB: 35142908-35149628
chrl: 181480707-181455073 chrl2: 3151013-5156346 chri®: 43606141-43610510
chrl: 18434552-18439673 chri2: 52113411-52117679 chri8: 44334184-44340100
chri: 18954896-18970739 chri2: 52406382-524106753 chri&: 44770993-44780084
chri: 19201875-19206234 chri2: 32650019-52654743 chri8: 44787407-44792678
chrl: 197885089-197889791 chrl2: 33105913-53110471 chri®: 54736960-54791194
chrl: 200007808-200012036 chri2: 53357193-53361507 chrlg: 35017708-55023605
chrl: 201250453-201255648 chri2: 53489573-53493955 chrig: 53092826-35110853
chri: 202160959.202165390 chri2: 54069054-54073265 chrl8: 55920988-559260068
chel: 202676882-202681769 chrl2: 34319302-54323721 chriB: 56385092-568R9665
chrl: 203042723-203047390 chri2: 54336762-54341168 chri8: 56937625-56943540
chri: 20R130328-208135117 chri2: S$4352530-54382102 chrig: 58998684-39003692
chri: 214151215-214161080 chr12: 5442142%-54428709 chri8: 61141927-61145927
chel: 21614381-21619101 chrl2: 54438643-54450091 chri®: 70531966-70538871
chri: 217308750-217313178 chri2: 54517769-54522457 chri®: 72914108-72919233
chri: 221048449-221070185 chri2: §7616770-57621402 chrl&: 73165403-73169920
chrl: 225863069-225867328 chri2: S&001881-58006249 chri8: 74151240-74157073
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chrl: 226073151-226077680 chrl2: 38156856-38162000 chri®: 74797145-74802038
chrl: 226125113-2261296905 chri2: 63541637-63546967 chr18: 74959557-74965822
chri: 228783987-228788204 chri2: 6436273-6440931 chrl&: 76730971-76743244
chrl: 231294560-231299345 chrl2: 65216246-65221143 chrl8: 77545966-77560948
chrl: 24227116-24231537 chrl2: 65512879-655173863 chriB: 902579-911574
chrl: 243644393-243648888 chri2: 72663684-72669551 chrl9: 10404935-10409342
chri: 24R018331-248023252 chri2: 75600992-75605344 chri9: 10461627-10466378
chrl: 25253528-25261005 chriZ: 81100035-81104716 chrl9: 1061545-10662653
chel: 2770127-2774665 chrl2: 81469570-81474119 chri9: 1106395-1111610
chrl: 29583898-29588598 chri2: 99137387-99141769 chrl19: 11592373-11596987
chrl: 2977276-2982758 chri3: 100545634-100350911 chrl9: 12664244-12668682
chri: 32050472-32054771 chrl3: 100639335-100644188 | chrl9: 12765750-127699%0
chel: 34626784-34632976 chrl3: 102566426-102571495 chri9: 12829794-12834225
chrl: 34640383-34645024 chri3: 108516335-108521063 chri9; 12878575-12882888
chrl: 36547555-36551965 chri3: 109145799-109151019 chrl9: 13122960-13127259
chrl: 38217703-38222012 chri3: 112705805-112730419 chri9: 13133318-13138169
chrl: 38459585-38463988% chri3: 112756599-112763113 chr19: 13196700-13200999
chrl: 38939920-38944404 chri3: 20873519-20878214 chri9; 13211451-13215821
chri: 39042060-39046561 chri3: 27332227-27337205 chrl9: 13614753-13619267
chrl: 39978366-39983768 chri3: 28364550-28370505 chri9; 14087571-14091796
chrl: 40233768-40239190 chri3: 28496227-28501046 chr19: 15290400-15294632
chrl: 40767187-40771871 chri3: 285347840-2855224¢6 chri9: 1746168-1752243
chrl: 4128284%-41287149 chri3: 32887117-32892116 chrl9: 18977352-18983200
chrl: 41829977-41834542 chri3: 36042845-36055119 chri9: 19366709-19374393
chrl: 44029287-44033853 chri3: 51415372-51420149 chr19: 21767190-21771786
chrl: 46949169-46953792 chri3: 53417898-53424872 chr19: 2422006-2429983
chrl: 47007576-47012132 chri3: 58201587-58210930 chri9: 30713550-30719970
chri: 4711990-4718555 chri3: 79179945-79185880 chrl9: 33623468-33627805
chrl: 47907713-47913020 chrl3: 84451665-84455897 chr19: 35631410-35635697
chrl: 30878917-50834103 chrl3: 93877246-93882877 chrl9: 36244329-36249982
chrl: 50890438-50895243 chrid: 101190852-101195499 chri9: 36334276-36339138
chrl: S3525573-5333(974 chri4: 101921576-101927995 chrl9: 36498170-36502530
chrl: 537402908-53744845 chrid: 103653242-103657928 chri®: 36521392-36525887
chrl: 33503061-5550R8015 chrid: 105163664-105170129 chr19: 3866587-3871217
chrl: 61513876-61518831 chrid: 24042887-24048760 chrl9: 38698334-38702577
chrl: 637R80395-63798140 chrid: 24639054-24644220 chri9: 38874(071-38878332
chrl: 65729412-65733849 chrid: 24801679-24806353 chrl9: 39735690-39741288
chrel: 65989002-65993R811 chrid: 29234836-20239832 chrl9: 39752974-39758540
chrl: 662356441-06260918 chrid: 29252366-29257069 chr19: 40312927-40317144
chrl: 67216080-67220293 chri4: 33400095-33406079 chri9: 405012-411511
chrl: &7771330-67775767 chrid: 36971170-36996488 chri9: 42889312-42893646
chel: 77745315-77750224 chrld: 37047334-37055690 chrl9: 44201559-44205987
chrl: 86619279-86624871 chrid: 37114189-37138348 chrl9: 44276274-44280777
chri: 91170103-91194804 chri4: 38676246-38682937 chrl9: 45258353-45263809
chrl: 9129898(3-013038%1 chrid: 38722255-38727537 chri9; 43896880-45902315
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chrl: 92943908-92954609 chrid; 48141434-48147589 chri9: 45999831-46004686
chr10: 100990157-100994687 | chrl4: 51336713-51341146 chrl9: 46316491-46321266
chrl0: 101277942-101292338 | chrld: S2732208-52737486 chrl9: 46913312-46917802
chr10: 102277163-102281730 | chrid: 54416678-54420881 chr19: 47149769-47155125
chrl0; 102417148-102421668 | chrld: 57258879-57286558 chri9: 48963003-48967792
chrlQ: 102471207-102493011 | chri4: 58329677-58335121 chrl9: 49667276-49671552
chri0: 102505483-102511646 | chrld: 60971773-60980180 chrl9: 50879419-50883664
chrl0: 102889011-102908093 | clwld: 61101979-61106663 chri9: 50929271-50933638
chrl: 102973970-102980006 | cheld: 62277477-62282019 chrl 51167660-51174023
chrl0: 102994035-102998646 | chrld: 69254677-69259036 chrl9: 51599823-51604260
chri0: 103041991-103046480 | chrld: 74704189-74710192 chrl9: 51813158-51817458
chirl0: 105359785-105364188 | clwld: 77734734-77739772 chri9: 54410711-54415087
chrl: 105418686-105423076 | chrld: 85993469-86002478 chrlS: 54479413-54485572
chrl0: 105525044-105529044 | chrld: 92787495-92792712 chr19: 55595978-55600887
chri0; 106397508-106404812 | chrid: 95235623-95241679 chrl9: 55813941-55818277
chirl0: 108921781-108926805 | chrld: 95824676-95828941 chri9: 56596039-56602296
chirl: 109672197-109676964 | chelS: 100911439-100916022 | chrl19: 56986314-56991741
chrl0: 110669725-110674326 | chrld: 23155795-23160624 chrl9: 58092740-58097764
chri0; 111214605-111219083 | chrlS: 27110031-271135479 chrlS; 5827049-5831474
chri0: 118028733-118036230 | chrlS: 27213952-27218856 chri9: 58543116-58556587
chirl: 118890162-118902329 | chelS: 33007531-33013696 chr19: 7931264-7936898
chr10: 118998436-119003530 | chri5: 33600817-33606003 chrl9: 8672333-8676764
chri0; 119309205-115315563 | chrlS: 35044444-35049480 chrl9: 868775-873313
chri0: 119492494-119496991 | chrlS: 37388176-37392380 chr2: 102801673-102806556
chirl(: 120351693-120357821 | chelS: 40266582-40271061 chr2: 105457128-105482760
chrl0; 121575530-121580385 | chrl3: 45406468-45411528 chrZ: 106679983-106684403
chrl0: 123920851-123925542 | chrls: 47474370-47479499 chiZ: 107101834-107106053
chr10: 124899908-12491303S | chrlS: 49252985-49257564 chr2: 108600825-108605467
chirl: 125423496-125428042 | chrlS: 53074188-53089488 chr2: 114031360-114038041
chri(; 125648821-125653373 | chrls: 33095562-53100476 chr2: 114254776-114260043
chrl0: 125730221-125734843 | chrl5: 59155046-59159594 chr2: 118979770-118984466
chr10: 129532411-129539366 | chrlS: 60285108-00300520 chr2: 119590603-119618826
chr10: 130336696-130340994 | chrlS: 67071307-67075943 chr2: 119912127-119918663
chrl0: 130506444-130510058 | chrls: 74417871-74425044 chr2: 124780253-124783255
chrlQ: 131262948-131267947 | chrl5: 76628030-76635515 chi2: 127411697-127416171
chri0: 134505358-134604649 | chrl5: 79572831-79577211 chr2: 127780614-127784829
chrl0: 15759424-15764101 chrls: 79722100-79727643 chr2: 128419720-128424182
chrl0: 16559605-16565822 chrls: 89145661-80151198 che2: 130761484-130765764
chrl0: 1776745-1782018 chris: 89310720-89315183 chiZ: 132180328-132185101
chri0: 22621351-22636862 chris: 89901447-89924768 chr2: 137520461-137525696
chr10: 22762709-22769050 chris: 89947374-89955182 chr2: 139533693-139540650
chrl0: 23450301-23465889 chrls: 91640909-91645702 che2: 142885725-142890553
chrl0: 23478698-23484455 chris: 96871409-96879721 chiZ: 144692667-144697180
chriQ: 23981367-23986978 chri5: 96893307-96912030 chi2: 154725907-154731328
chri0: 26502384-26509434 chris: 96957342-96962531 chr2: 157183558-157188355
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chel(: 27545669-27550402 chrl6: 10910160-10914719 chr?2: 162271295-162286677
chri0: 43426168-43431460 chri6: 20082708-200873035 chr2: 171669599-171682358
chriQ: 48436412-48441320 chria: 2226191-2232946 chr2: 176929576-176984402
chriQ; 50600990-50608783 chrlé: 22822617-22828459 chr2: 177010372-177027692
chel(: 30815602-50822356 chrl6: 23722271-23726775 chy2: 177034255-177045444
chr10: 63210496-63215009 chri6: 24265041-24269527 chr2: 182319762-182325029
chriQ: 71329450-71335392 chrio: 3011017-3015228 chr2: 182519222-182523927
chriQ: 75405414-75409706 chrié: 3065522-3070358 chr2: 19558964-19563650
chel: 76571196-76575507 chri6: 31051480-3108588006 chr2: 198027069-198031438
chri(: 8074003-8080378 chri6: 3188766-3193389 chr2: 200331688-200336172
chri(: 8R120923-88129364 chrie: 3218439-3223356 chr2: 207504775-2075094272
chri: 94178316-94182754 chrl6: 48842552-48847264 chr2: 20868007-20873280
chel: 94453525-94457R96 chri6: 49307124-49319263 chr?: 219734133-219738788
chri(: 94818027-94831040 chri6: 49870450-49874926 chr2: 219846292-219860917
chri0; 99787615-99793320 chri6: 51145491-51149944 chr2: 220171871-220176283
chril: 103479127-105483422 | chrlé: 51166267-51171110 chr2: 220297484-220302243
chrll: 1315628399-115633117 | chrlé: 51181700-51190763 chr2: 220410342-220414678
chrll: 119291321-119295943 | chrl6: 54323041-34327703 chr2: 223157726-223187468
chril: 123064518-123068986 | chrléd: 54968302-54974846 chr2: 233249362-233255414
chril: 124627724-124631926 | chrlé: SS362824-55367483 chr2: 237066072-237080762
chrll: 128417199-128421513 | chrlé: 55511221-555158526 chr2: 238862316-238887170
chril: 128692085-128696688 | chri6: 538028215-58033633 chr2: 241457633-241462047
chril: 131778329-131783532 | chrlé: 6066915-6072401 chr2: 241756142-241762783
chril: 132811563-132816395 | chrlé: 62067122-62072634 chr2: 25497764-25502429
chril: 132932060-132936291 chri6: 66610750-66615412 chr2: 30451567-30457655
chril: 132950539-132955307 | chrl6: 67206068-67210678 chr2: 31803294-31808403
chril: 133992710-133997090 | chrl6: 67569253-67374728 chr2: 3284325-3288530
chril: 14993120-14997908 chria: 67916680-67920909 chr2: 3748829-3753927
chril: 17738790-17745779 chrl6: 68478865-68484822 chr2: 38299277-38306518
chell: 20179201-20184325 chrl6: 71457782-71462338% chr?2: 45153196-45159049
chril: 20616198-20625399 chrl6: 82658652-82663813 chr2: 45167506-45173884
chril: 27741473-27746564 chrié: 84000270-84004860 chr2: 45225645-45230733
chril: 2888383-2833337 chrlé: 86528748-86534994 chr2: 45238373-45243579
chril; 31823744-31850776 chrl6: 86547070-86552512 chr2: 45393870-45400186
chril: 32450145-32459311 chrlé: 86609389-86615821 chr2: 465850-470659
chril: 36395927-36401398 chrio: BR94142R8-88945669 chr2: 50372046-50376817
chril: 43566922-43571854 chrl7: 1171536-1176733 chr2: 54084777-54089266
chril: 44323658-44329932 chrl7: 12566668-1257133S5 chr2: S829188-SR34208
chril: 462975435-46302216 chrl7: 12875271-1287977 chr2: 63280515-63289097
chril: 46364877-46369101 chrl7: 14199727-14204052 chr2: 66650692-66656218
chril: 60716420-60720888 chrl?7: 14246392-14250721 chr2: 66670432-66675636
chril: 61535001-61539001 chrel7: 15818621-1582332S8 chr2: 66806569-66811404
chril: 624729-042628 chri7: 1878790-1883116 chi2: 71785431-71789897
chril: 64134813-64140187 chr17: 19881326-19885610 chrZ: 73141056-73150260
chril: 64476844-64481598 chr17: 21365115-21369592 chr2: 80527678-80532846
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chrll: 64813041-64817722 chrl7: 27897512-27902067 chr2: 80547579-80551798
chril: 65350232-65355134 chrl7: 32482008-32486280 chr2: 87013975-87020182
chril: 65407637-65412127 chrl7: 33774554-33778888 chr2: ®7086817-87091037
chril: 65814405-65818663 chrl7: 35289900-35302875 chr2: 97190978-9719538%3
chrll: 67348566-67353565 chrl7. 36713692-36720593 che20: 10196136-10200084
chr1l: 68620109-68624339 chrl7: 37319483-37324099 chi2(h 17204529-17210756
chril: 69515841-69521929 chrl7: 37761692-37766304 chr20: 21374359-21380245
chrll: 69828572-69834484 chrl7: 40935259-40939480 chr20: 21483933.21498714
chrll: 70209832-70213532 chrl 7. 41275001-41280000 chr20: 21684200-21697344
chril: 70506329-70510617 chrl7: 43035167-43039740 chi2(h 22546968-22561240
chril: 70670835-70675055 chrl7: 43470528-43476343 chr2®: 25061839-23067525
chrll: 71950113-71954528 chrl7: 45947677-45951885 chr20: 2537134-2541877
chrll: 723597-728870 chrl7: 46602363-46610390 chr20: 2727998-2733630
chril: 723830613-72535774 chrl7: 46618368-46634212 chr2(: 2778979-2783497
chril: 79146359-79154200 chrl7: 46667435-46676181 chr2(: 3143122-3147746
chrll: 8188227-8192671 chrl7: 46689521-46699701 chr20: 32854660-32859248
chrll: 88239711-88244582 chrl7: 46794235-46802746 chr20; 33294515-33300242
chril: §9222417-89226718% chrl7: 46822786-46827372 chr2(: 36010596-36015439
chr20: 36224618-36228841 chro: 161186085-161190639 chr2(: 440655464-44661243
chr20: 37350131-37339372 chré: 1617094-1623004
chr20: 39992546-39997810 chrs: 166577974-166585423
chr20: 41815476-41821212 chr6: 166664838-166669541
chr20: 44683772-44689610 chré: 170730120-170734442
chr20: 43182194-48186833 chré: 26612014-26616851
chr20. 51587708-51592020 chré: 27226101-27230364
chr20: 32787253-527929%6 chr6: 29593299-20597795
chr20: 5294267-5299798 chré: 29892141-29897117
chr20: S70R7461-57092237 chré: 30093174-30097610
chr20: 57413136-57429047 chrs: 30137719-30142263
che20: 61701527-61706022 chr6: 33046417-33050814
chr20: 688576-693099 chré: 33391593-33393908
chr20: 9494472-0498893 chré: 33653967-33658238
chr21: 19615099-19619874 chré: 33477389-35481678
chr2l: 31309387-31314106 chr6: 37614723-37619179
chr21: 32622145-32626382 chré: 38680950-38685265
chr21: 34393129-34402245 chré: 389189-395790
chr21. 38063180-38068185 chré: 4077053-4081443
chr2l: 38074763-38083833 chr6: 41326267-415300900
chr21: 42216490-42221222 chré: 41906746-41911711
chr22: 19744156-19748369 clut: 42070033-42074701
chr22: 19965280-19969808 chrés: 42143848-42148053
chr22: 25079851-25084112 chr6: 42877280-42881623
chr22: 20707282-29714013 chré: 46653263-46638738
chr22: 31196492-31201033 chré: S0680335-506835214
chr22: 31498397-3150323% chré: SO78S287-50793373
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chr22: 37210770-37215467 chr6: 50808643-50820431
chr22: 37463057-37467331 chré: 55037171-55041392
chr22: 37909980-37914258 chré: S995028-6009797
chr22: 38377094-38381964 chré: 70990041-70994912
chr22. 38474837-38480839 chrd: T227878-723286S
chr22: 39260339-39265211 chr6: 72296275-72300528
chi22: 42303618-42309254 chro: 78170232-78176088
chr22: 42320044-42324909 chi6: 85470703-85476132
chr22: 42683895-42688005 chrd: 99273764-99278038
chi22: 44255943-44260612 chro: 99288280-99292771
chi22: 44285498-44250061 chr7: 100073304-100077551
chr22: 44724725-44729590 chi7. 100815485-100825701
chr22: 46316694-46321087 ch7. 101003900-101009443
chr22: 46438394-46443019 chr7. 103083711-103088132
chr22: 48882885-48889043 chr7. 103966784-103971955
chir22: 50494442-50499393 chi7. 113722925-113729795
chird: 11032447-11037384 chr7. 12149221-12153559
chr3: 113158300-113162641 chr7. 121938007-121959341
chr3: 121900743-121505645 chr7. 124402175-124406432
chr3: 126111548-1261159067 chr7. 127988927-127994616
chird: 127631994-127636588 chr7. 128553330-128558650
chr3: 127792370-127798136 chr7. 129418287-120425355
chr3: 12836472-12840782 chr7. 130788359-130794773
chr3: 128717866-128723245 chi7. 1360812-1365643
chird: 125691128-129696841 chi7. 136551855-136558194
chr3: 13112628-13117245 chr7. 142492564-142497248
chr3: 133391119-133395657 chr7. 143580126-143584610
chr3: 137480963-137493004 chr7. 149387655-149391976
chird: 138654628-138661107 chi7. 149742403-149748469
chrd: 147106512-147116479 chr7. 152619917-152624149
chr3: 147124989-147144391 chr7. 153746408-153752444
chr3: 154144348-154148965 chr7. 153999965-154004281
chr3: 157810054-157823836 chr7. 155162558-155177248
chrd: 170301045-170305768 chr7. 155239324-155245757
chr3: 172163373-172168738 chr7:. 155256828-155263403
chr3: 184054420-1840358671 chr7. 155300254-155305158
chr3: 185909345-185914228 chi7. 155593693-155607095
chrd: 186076711-136082111 chr7. 156407024-1564118a5
chr3: 19187689-19192100 chr7. 156793356-156803632
chr3: 192123822-192120694 chr7: 156869055-156873297
chr3: 22411493-22416365 chr7: 158934508-158940492
chrd: 236392-242140 che7. 19143873-19148256
chr3: 266021035-26666796 chr7. 19182819-19187033

chr3:

27769639-27773942

chr7:

20368004-20373504

chr3:

32859142-3286342%

chr?:

20828568-20832817
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chrd: 3838514-3844772 chr7, 23285222-23289508
chr3: 44001315-44065837 chr7. 26413747-26418891
chr3: 44594536-44599018 chr7: 27132098-27136736
chr3: 46616308-46620669 chr7: 27144070-27150389
chr3: 49945622-49950430 chr7: 27180614-27187562
chr3: 55506337-55510708 chr7. 27195602-27208462
chi3: 02352292-62365082 chr7: 27225521-27231043
chr3: 63261990-63266205 chi7: 27258102-27262467

che3:

64251534-64255819

chr7:

L
27276946-27294197
3

chr3: 6900824-6906641 chr7. 30719373-30724445
chr3: 71832069-71836653 chr7: 32108004-32112910
chir3: 75665778-75671067 chi7: 35294922-35300218
chrd: 75653760-75958308 cht7. 379533623-37958555
chr3: 87839797-87844563 chr7. 42265547-42269823
chr3: 9175692-9180189 chr7. 43150021-43155340
chird: 100868378-100873994 chr7. 49811009-49817752
chird: 105147-109898 chr7. 53284852-53289192
chrd: 107954556-107959453 chr7. 54610325-54614558
chrd: 109091039-109096546 chr7. 56353509-56357798
chrd: 110220071-110226257 chr7. 6588564-6592957
chird: 111552966-111557504 chi7. 6659876-6664695
chrd: 114898356-114902810 chr7. 70594225-70600382
chrd: 122299568-122304290 chr7. 71798758-71804768
chrd: 128542032-128546903 chi7. 72836384-72840815
chird: 134067163-134072442 chi7. 73892816-73897110
chrd: 13522063-13528083 chr7. 749713-754150

chrd: 140199065-140203449 chr7. 87561343-87566571
chrd: 144018823-144624218 chr7. 89745893-89751036
chird: 147557206-147563901 chi7. 90891 568-90898683
chrd: 151502012-151507085 chr7. 95223504-95228194
chrd: 154707513-154716240 chr7. 96648222-96654246
chrd: 155661810-155666315 chr7. 97359133-97365018
chrd: 156127169-156132209 chr7. 97839637-97844005
chrd: 156678096-156083386 ched: 101115923-101120693
chrd: 15777999-15782729 chr8: 102502479-102506841
chrd: 158141297-158146053 chi: 105476673-105481340
chrd: 164262822-164267772 chi8: 11534768-11540961
chrd: 169797087-169801625 chr8: 11555853-115692172
chrd: 172731735-172737118 chr8: 120426399-120431178
chrd: 174420025-174462054 chrf: 130993922-130998149
chrd: 185935243-185944747 chr®; 132050204-132056749
chred: 187217321-187221745 chr8: 139306796-139511774
chrd: 188214606-188918876 chr8: 142526186-142531029
chrd: 190935926-190942591 chr8: 143543446-143548178
chrd: 204378-208892 chrd: 144806222-144812978
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chrd: 24799110-24803902 chr8: 144988271-145004135
chrd: 25088107-25092510 chr8: 145101286-145110027
chrd: 41747185-41751811 chrl: 145923411-143928101
chrd: 41867175-41884964 chr8: 21642909-21649845
chrd: 46993129-46997872 chrd: 21903462-21907757
chrd: 47032428-47036940 chr8: 23560476-23569678
chrd: 4857633-4871173 chif: 24810947-24816299
chrd: 54964164-54978202 chi8: 25898563-25907842
chrd: 5707986-5712495 chr8: 26719643-26726566
chrd: 57519622-57524703 chr8: 37820487-37826008
chrd: 5889204-5897116 chif: 41422342-41427300
chrd: 66533194-66537620 chi8: 4846969-4854635
chrd: 680725-685079 chr8: 49466684-49470059
chrd: 81107888-81121391 chr8: 50820271-50824860
chrd: 85401831-83425190 chr: 53849702-53856426
chrd: 90226715-90231010 chu8: 55364181-55382186
chird: 93224349-93229007 chr8: 57356127-57361415
chrd: 94753787-94758310 chr8: 65279904-65292046
chrd: 959348-964155 chr: 65708991-65713722
chrd: 11382682-11387521 chird: 68862585-68866946
chirS: 115695135-115699589 chr8: 70979874-70986388
chrS: 122428677-122433443 chr8: 72466561-72471561
chr3: 134361093-134388370 chr8: 85094760-85099247
chrd: 139136876-139141242 chid: 86348766-86353196
chirS: 140050060-140055381 chr8: 87079654-87084046
chrS: 140303713-140309193 chr8: 97167732-97174022
chrs: 140344106-140348931 chr8: 9758751-9766748
chr3: 140785448-140750044 chrl: 98287605-98292404
chirS: 140796758-140801359 chr8: 99958498-99963438
chrS: 140808495-140814617 chr8: 99982585-99088083
chrS: 140862528-140866748 chr9: 100608697-100622192
chr3: 145716290-145727852 chr9: 102588743-102593343
chrs: 146886751-146891840 chrd: 104497850-104503076
chrS: 148031473-148036080 chr®: 112079403-112084905
chr3: 158476379-158480630 chr®: 115820072-115825416
chrd: 1583521907-158526598 chr®: 120173254-120179496
chrS: 159397005-159401928 chrS: 120505228-120509642
cheS: 170733170-170746107 ched: 122125%087-122134214
chrS: 172108283-172113166 chr®: 123654751-123658972
chrd: 172657050-172674971 chr®: 124411513-124416193
chrd: 174156681-174161729 chr9: 124985744-124993086
cheS: 175083005-175087756 ched: 126771247-126782953
chrS: 178419226-178424337 chr®: 129376738-129391231

chrs:

179226284-179231003

chr9:

131152347-131157923

chrs:

180484155-18048884%2

chr9:

132457588-132462017
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chrS: 1872908-1889743 chr®: 133532535-133544394
chrS: 27306954-2759024 chr9: 134427867-134432491
chr3: 31191953-31196419 chr9: 135036714-133041978
chrs: 3588645-3605054 chrd: 135453165-135468240
chrS: 37832672-37837128 chr®: 136292739-136297236
chrS: 38255826-38261136 chr®: 137965111-137969727
chrd: 456933935-45698510 chr®: 139094066-139098993
chrS: 50683454-50688148 chr9: 139394206-139399040
cheS: 52775789-527799%6 chr®: 139713664-139718441
chrS: 54517055-54529760 chr®: 16724860-1672927
chrd: 59187047-5919189%4 chrd: 17904420-17909488
chrS: 63253045-63259886 chr9: 19786216-19791288
cheS: 71012918-7T1017715 ched: 21968914-21073190
chrS: 72524204-72531976 chrd: 22003888-22008229
chr3: 72592148-72597808 chr9; 23818692-23824135
chirS: 72674121-72680421 chr9: 23848911-23853522
chirS: 76521888-76938984 chr®: 32780537-32785625
chrS: 77138543-77149785 chrd: 35842850-35846850
chr3: 77251833-77256049 chr®; 36737535-36741782
chrd: 77266351 77270787 chr9: 37000490-37004957
chirS: 77803754-77808313 chr®: 77110713-77115927
chrS: 87966636-87972070 chrd: 79631327-79640169
chr3: 87978879-87987810 chr®; B86150354-86155777
chrd: 83183225-88187389 chr9: 91790663-91795611
chirS: 92521488-92926497 chr®: 95475297-95479708
chrS: 92037796-92942216 chr®: 96106467-96110992
chrt: 100036542-100041477 chr9: 96708812-96720186
chré: 100895008-100917245 chr9: 967530-975276

chirs: 101844767-101849135 chr®: 97399287-97404067
chro: 10379559-10392565 chr®: 98109365-98114362
chro: 106427112-106436459 chrX: 152610776-152615464
chr6: 108483672-108499996 chrX: 673300651-67354923
chr6: 10879847-10884051 chrX: 99889300-99893794
chr: 110297366-110303267

chro: 117196090-117200705

chré: 117589334-117594279

chr6 117867098-117871530

chrd: 127439554-127443760

chro: 134208040-134213218

chré: 134636798-134641021

chr6: 137240316-137247442

chrd: 1376446-1396170

chrd: 137807343-137819223

chré:

138743349-138747593

chré:

150333526-150338278
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chr6:

150356873-150361394

chré:

154358587-154363008

chré:

168839439-168843609
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CLAIMS
1. Adered, multipart method for detecting one or more early stage cancers in a subject,
comprising:
performing an analysis of sequence information of the subject that has been obtained
from a bological sample of the subject to identify whether the subject 1s not at risk of
having one or more of the early stage cancers; and then if the patient has not been
identified as not at vsk:
analyzing sequence information of the subject not wdentified as not at risk by performing a

second analvsis to detect the presence of at least one specific cancer in the sabject.

2. A tiered, multipart method for detecting a candidate population of subjects having an
early stage cancer out of a plurality of sabjects, the method comprising:
for each of one or more subjects in the plurality of subjects:
obtaining sequence informarion derived from a first assay performed on a sample
obtained from the subject;
performing an analysis of sequence mformation of the subject to identity whether the
subject 1s not at risk of having one or more early stage cancers;
responsive to not having identified that the subject 1s not at nisk for one or more early
stage cancers, obtaining sequence mformation derived from a second assay
performed on the sample or an additional sample obtained from the subject to
gencrate the sequence information derived from the second assay; and
performing an analysis of the sequence information derived from the second assay for
the subject to determine whether to include the subject in the candidate

population.

3. The method of claim 2, wherein less than 10% of the plurality of subjects are not
identiticd as not at risk for one or more early stage cancers, wherein performmg the
analysis of the sequence information derived from the second assay is performed for the

less than 10% of plurality of subjects.

4. The method of claim 2, wherein less than 3% of the plurality of subjects are not
identified as not at risk for one or more early stage cancers, wherein performing the
analysis of the sequence information derved from the second assay is performed for the

less than 3% of plarality of subjects.
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5. The method of any one of claims 2-4, wherem the tiered, raultipart method that
analyzes the plurality of subjects across two or more tier of testing delivers waproved
performance as a fonction of resource consamption m comparison fo the single tier

method,

6. The method of claim 5, wherein the ticred, multipart method that analyzes the
plurality of subjects across two or more ticr of testing achieves an unproved performance

metric i comparison to a single tier method.

7. The method of claim 5, wheren the tiered, multipart method that analyzes the
plurality of subjects across two or more tier of testing achieves a similar or decreased

performance metric in comparison to a single tier method.

8. The method of any ong of claims 1-7, wherein the one or more of the early stage

cancers is fifteen or more different cancers.

9. The method of any one of claims 1-8, wherein the one or more of the casly stage or
preclinical phase cancers 1s a set of acute lvmphoblastic leukenua, acute myeloid
teukemia, adrenocortical carcinoma, soft tissue sarcoma, lvmphoma, anal cancer,
gastromtestinal cancer, brain cancer, skin cancer, bile duct cancer, bladder cancer, bone

ancer, breast cancer, lung cancer, cardiac cancer, central nervous system cancer, cervical

[¢]

cancer, chronic lymphocvtic leukemia, chronic myelogenous leukenua, chronice
myeloprohiferative nooplasms, colorectal cancer, uterine cancer, esophageal cancer, head
and neck cancer, eve cancer, fallopian tube cancer, galibladder cancer, gastric cancer,
germa cell tumor, gestational trophoblastic cancer, hairy cell leukenmuia, liver cancer,
Hodgkin lymphoma, mtraocular melanoma, pancreatic cancer, kidney cancer, leukenua,
mesothelioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia syndromes,
multiplc mycloma neoplasms, myelodysplastic ncoplasms, ovarian cancer, parathyroid
cancer, pentle cancer, pheochromocyvtoma, pituitary cancer, plasma cell neoplasm,
primary peritoneal cancer, prostate cancer, rectal cancer, retinoblastorna, sarcoma, small
intestine cancer, testicular cancer, throat cancer, thymoma and thyvmic carcinoma, thyroid

cancer, urcthral cancer, utering cancer, vaginal cancer, and vulvar cancer,

10, The method of any one of claims 1-5, wherein the one or more of the early stage or

prechinical phase cancer ts a single cancer type.
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11, The method of claim 10, wherein the single cancer type is any one of acute
tymphoblastic leukemia, acute myeloid leukemia, adrenocortical carcinoma, soft tissue
sarcoma, vmphoma, anal cancer, gastromntestinal cancer, bram cancer, skin cancer, bile
duct cancer, bladder cancer, bone cancer, breast cancer, lung cancer, cardiac cancer,
central nervous system cancer, cervical cancer, chronic lvmphoceyvtic leukemia, chronic
myelogenous leokemia, chronic myeloproliferative neoplasms, colorectal cancer, vterine
cancer, esophageal cancer, head and neck cancer, eve cancer, fallopian tube cancer,
gallbladder cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, bairy
cell leukemia, hiver cancer, Hodgkin lymphoma, miraocular melanoma, pancreatic cancer,
kidney cancer, leukemia, mesothelioma, metastatic cancer, mouth cancer, multiple
endocrine neoplasia syndromes, multiple myeloma neoplasms, myelodysplastic
neoplasms, ovarian cancer, parathyroid cancer, penile cancer, pheochromocyvioma,
pituitary cancer, plasma cell neoplasm, primary perttoneal cancer, prostate cancer, rectal
cancer, retinoblastoma, sarcoma, small intestine cancer, testicular cancer, throat cancer,
thyvmoma and thymic carcinoma, thyroid cancer, urcthral cancer, uterine cancer, vaginal

cancer, and vulvar cancer.

12. The method of any one of claims 1-3, wherein the carly stage cancer is a preclinical

phase cancer

13. The method of claim 12, wherein the prechnical phase cancer 1s stage T or stage 11

CANCeY.

14, The method of any one of claims 1-13, wherein the method has more than a 70%

ability to detect the at least one of multiple early stage cancers.

15. The method of any one of claims 1-13, wherein the method has more than a 70%
ability to detect the at least one of multiple carly stage cancers at more than 93%, more
than 96%, more than 97%, more than 98%, more than 99%, more than 99 5%, or more

than 99.9% specificity.

16. The method of any one of claims 1-15, wheremn the method achieves at least a 20%

posttive predictive value when detecting the at least one of mudtiple early stage cancers.

17. The method of any one of claims 1-15, wherein the method achieves at least a 40%

positive predictive value when detecting the at least one of moltiple early stage cancers.
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18, The method of any one of claims 1-15, wheremn the method achicves at least a 60%

postive predictive value when detecting the at least one of multiple early stage cancers.

19, The method of any one of claims 1-15, wherein the method achieves at least a 80%, at
least a 81%, at least a 82%, at least a 83%, at least a 84%, or at least a 85% positive

predictive value when detecting the at least one of multiple carly stage cancers.

20. The method of any one of claims 1-19, wherein the method achicves at least a 5%, at
fcast a 96%, at least a 97%, at least a Y8%, at least a 99%, at least a 99.3%, orat least a
99 4% negative predictive value when detecting the at least one of muttuple early stage

Cancers.

21. The method of any one of claims 1-20, wherein performing the analvsis of the
sequence imformation of the subject to wdentify whether the subject is not at risk has at

feast a 90%, at least a 93%, or at least a 99% negative predictive value,

22. The method of any one of claims 1-21, wherein the analyzing sequence information of
the subject to wentify whether the subject bas a detectable cancer or precancer has at least
a 809, at least a 819%, at least a 82%, at least a 83%, at least a 849%, or at least a 85%

postiive predictive value.

23. The method of any one of claims 1-22, wherein the analyzing sequence information of
the subject to wWentify whether the subject has a detectable cancer or precancer has at feast
a 909%, at least a 91%, at least a 92%, at least a 93%, at lcast a 94%. at least a 959, at

least a 96%, or at least a 97% negative predictive value.

24. The rocthod of any one of claims 1-22, wherein the sequence mformation comprises

methylation sequence information.

25, The method of claim 24, wherein the methylation sequence information comprises

methylation statases for a plarality of genomic sites.

26. The method of claim 25, wherein the plurality of genomic sites comprise a plurality of

CpG sites.

27. The method of any one of claims 1-26, wherein performing an analysis of sequence

information of the subject comprises applying a trained machine learning model.
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28,

The method of claim 27, wherein performing an analysis of sequence information of

the subject further comprises:

computing, for ong or more instances of an analyte in a window of a phurality of windows

on a target region of the analvte, a metnic specific for the window and the target

region; and

analyzing, using the trained machine learning model, at least the metric specific for the

29.

30

31

3
N2

(%)

34

3
o

window and the target region.

The method of claim 28, wherein the metrie specific for the window and the target
region comprises a proportion of a count of DNA fragments having a specitic count of

methylated Cpls to a count of DNA fragments for the window of the target region.

The method of claim 28, wherein the metric specific for the window and the target
region comprises a proportion of a count of DNA fragments having a specific patiem

of methylation to a count of DNA fragments for the window of the target region.

The method of any one of claims 28-30, wherein computing the metrnic specific for the
window and the target region comprises performing a first function to quantify a

count of occurrences of methylated CpGs within the window of the target region.

. The method of any one of claims 28-30, wherein computing the metric specific for the

window and the target region further comprises performing a second function to
normalize the count of occurrences of methyvlated CpGs relative to a count of DNA

fragments for the window of the target region.

. The method of any one of claims 29-32, wherein the window comprises between |

and 100 CpG sites.

The method of any one of claims 28-33, wherein the metnie specific for the window
and the target region comprises an input vector comprising proportions of DNA
fragments having specific counts of methylated CpGs out of all pogssible CpG

methylation patterns.

. The method of claim 34, wherein the all possible methvlation patterns are 2¥ possible

patterns, where & refers to a number of CpG sites in the window.
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36. The method of any one of claums 1-33, wherein the sequence mformation is obtained
from an assay, wherein the assay comprises performing one or more of:

a. sequencing of nucleic acids m the sample,

b. hybrid capture;

c. methvlation-specific PCR;

d. an assay that generates methylation information; and

¢. sequencing a clone library generated from a template immortalized library.

37. The method of claim 36, wherein performing the assay that generates sequence
information comprises:

obtaining bisulfite converied cell free DNA (cfDNAJ,

selectively amplifying target regions of the bisulfite converted ¢fDNA; and

sequencing amplicons comprising the amplified target regions to generate the sequence

information.

3%, The method of claim 37, wherein the target regions of the bisulfite converted ¢fDNA

comprise previously identified regions that are differentially methylated i cancer.

39. The method of claim 37, wherein the target regions of the bisulfite converted cfDNA
comprise one or more CpG 1slands or portions of one or more UpG slands shown in

Tables 1-4.

40. The method of claim 37, wherein the target regions of the bisulfite converted ¢fDNA
comprise at most 10%, at most 20%, at most 30%, at most 40%, at most 50%, at most
359, at most 60%, at most 639, at most 70%, at most 753%, at most 80%, at most 85%,
or at most 90% of CpG islands or portions of CpG islands shown in any one of Tables 1-
4.

41. The method of claim 37, wherein the target regions of the bisulfite converted ¢fDNA
comprise 100, at most 150, at most 200, at most 300, at most 400, at most 500, at most

600, at most 700, at most 800, at most 900, at most 1000, at most 1500, at most 2000, at
maost 2500, at most 3000, at most 3500, or at most 4000 Cp( islands or portions of CpQ

islands selected from Tables 1-4.

42. The method of any one of claims 1-41, wherein analvzing sequence information of the

subject not identified as not at risk comprises analvzing sequence information generated
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from target rogions comprising one or more Up( slands or a portion of one or more Cp(s

1stands shown in Tables 1-4.

43. The method of claim 42, wherein the target regions comprise at least 10%, at least

20%, at least 30%, at least 409, at least 309, at least 35%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least 83%, at least 90%, at least 91%, at least
0929, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or

at least 99% of CpG islands or portions of CpG slands shown in any one of Tables 1-4.

44, The method of claim 43, wherein the target regions comprise at least 100, at least 150,
at least 200, at feast 300, at least 400, at least 300, at least 600, at least 700, at least 800, at
least 900, at least 1000, at least 1500, at least 2000, at least 2500, at least 3000, at least

3500, at least 4000, at least 4500, at least SO00, at least 5500, or at least 6000 CpG 1slands

ot portions of UpG islands selected from Tables -4

45. The method of any one of claims 1-44, wherein performing the second analysis
comprises analyzing methylation statuses of more Cp( 1slands in comparisonto a
quantity of Cp 1slands analyzed when performing the analysis of sequence information

of the subject.

46. The method of claim 45, wherein performing the second analysis comprises analyzing
methylation statuses of at least 5 times more CpG islands i companison to a quantity of
CpG islands analvzed when performing the analysis of sequence information of the

subject.

47. The method of claim 43, wherein one or more of the Cp(G islands analyzed when
performing the analysis of sequence mnformation of the subject represent a subset of the

CpG islands analyzed when performing the second analysss,

48. The method of claim 47, wherein every Cp(s island analyzed wheo performing the
analvysis of sequence information of the subject 1s further analvzed when performing the

second analysis.

49, The method of claim 45, wherein performing the second analysis comprises analyzing

methyvlation statuses of at least 300 CpG islands, and wherein performing the analysis of
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sequence information of the subject comprises analyzing racthviation statuses of at least

100 CpG 1slands.

50. The method of any one of claims [-49, wherein the biological sample is obtained

from the subject while the subject is asymptomatic.

51, The method of any one of clatms 1-50, wherein the biological sample comprises any
one of:

a blood sample,

a stool sample,

a urine sample,

a mueous sample,

a saliva sample.

52. The method of any one of claims 1-51, wherein the biological sample is a blood

sample.

33, The method of claim 52, wherein the biological sample does not comprise an invasive

biopsy sample.

54. The method of any one of claims 36-53, wherein the assay performed on the
biological sample processes one or more of!

nucleic acids;

cell free DNA including selected CpGs with a sclected methylation state; and
RNA.

55. The method of any one of claims 1-54, wherein the secound analysis comprises whole

genome sequencing, optionally whole genome bisulfite sequencing.

56. The method of any one of claims 1-55, further comprising determining a tissue of
origin of the at least one specific cancer in the subject using the sequence nformation of

the subject.

57. The method of any one of claims 1-36, further comprising:
performing an analysis of additional sequence information of the subject that has been
obtained from an additional biological sample of the subject obtained subsequent to a

timepoint that the biological sample was obtained;
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determining one or more changes between the additional sequence information of the
subject and the sequence information; and
determining a progression of the at least one specific cancer in the subject based on the

determined one or more changes.

58. The method of claim 57, further comprising:
determining whether to provide an itervention to the subject based on the determined

progression of the at least one specific cancer.

59. The method of claim 57 or 58, wherein determining one or more changes between the
additional sequence information of the subject and the sequence information comprises
determining changes ong or more changes in methylation status across a phlarality of

genomic sites.

60. A tiered, multipart method for detecting a health condition in a subject, comprising:

performing an analysis of sequence mformation of the subject that has been obtained
from a biclogical sample of the subject to identify whether the subject is not at ngk of
having the health condition; and then if the patient has not been identified as not at
risk:

analyzing sequence information of the subject not identified as not at nisk by performing a

second analysis to detect the presence of the health condition in the subject.

61. A tered, multipart method for detecting a health condition in a subject, comprising:

performing an analysis of marker information of the subject that has been obtained from a
biological sample of the subject to identify whether the subject is not at risk of having
the health condition; and then if the patient has not been identified as not at risk:

analyzing sequence information of the subject not identified as not at risk by performing a

second analvsis to detect the presence of the health condition in the subject.

62. The method of claim 61, wherein marker information comprises quantitative levels of

protein biomarkers.

63. A tiered, multipart method for tmproving the probability a signal in a sample is

autheutic, comprising:
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{a} performing an analysis of sequence 1nformation of nucleic acids n the sample to
determine whether the analysis generates a result correlative with presence or absence
of a human condition, and then if the result is detected:

{(b) analyzing the sequence wformation of the nucleic acids in the sample by performing
second analysis to determme if the second analysis generates the signal, wherein if the
signal 1s detected, then the probabihity the signal n the sample 1s authentic is higher as
compared to a probability that a signal is authentic when generated by an analogous

method, where the analogous method differs by onutting step (a).

64. The method of anv one of claims 60-63, wherein the method achieves at least a 20%

positive predictive value when detecting the health condition.

65, The method of any one of clatms 60-63, wherein the method achicves at least a 46%

posttive predictive value when detecting the health condition.

66. The method of anv one of claims 60-63, wherein the method achieves at least a 60%

positive predictive value when detecting the health condition.

67. The method of any one of claims 60-63, wheremn the method achieves at least a 80%,
at least a 819, at least a 82%, at least a 83%, at least a 84%, or at least a 85% positive

predictive value when detecting the health condition.
68. The method of any one of claims 60-67, wherein the health condition is a disease risk.

69. The method of any one of claims 60-67, wherein the health condition is a rare disease

or disorder.

70. The method of any one of claims 60-67, wherein the health condition has an incidence
of 1 100, 1 in 1,000, T v 10,000 individuals, 1 m 100,000 mdividuals, | in
1,000,000 mdividuals, 1 in 10,000,000 individuals, or 1 in 100,000,000 mdividuals.

71. A method for diagnosing a subject with at least one of raultiple carly stage cancers,
the method comprising:
obtaining sequence information derived from a first assay performed on a sample

obtained from the subject;
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performing a screen by analyzing the sequence mformation to classify the subject as at
risk for one or more multiple carly stage cancers or not at risk for one or more
multiple early stage cancers;

responsive 1o a classification of the subject as at risk for one or more multiple carly stage
cancers, obtaming sequence information derived from a second assay performed on
the sample or an additional sample obtained from the subject to generate the sequence
information derived from the second assay; and

performing a diagnostic analysis of the sequence information derived from the second
assay for the subject to further classify the subject at risk for one or more multiple

carly stage cancers as a candidate subject for monitoring or treatment.

72. A method for diagnosing a subject at nisk for at least one of multiple early stage
cancers, the method comprising:
obtaining sequence information derived from a first assay performed on a sample
obtained from the subject;
performing a screen by analyzing the sequence mformation to classify the sebject as at
risk for one or more mulbtiple early stage cancers or not at risk for one or more
multiple carly stage cancers;
if the subject 13 classified as not at nsk for one or more multiple early stage cancers,
reporting that the subject 1s not at nisk for one or more multiple carly stage cancers;
if the subject is classified as at risk for one or more multiple cardy stage cancers:
obtaining scquence information derived from a second assay performed on the
sample or an additional sample obtained from the subject to generate the
sequence information derived from the second assay: and
performing a diagnostic analysis of the sequence information derived from the
second assay for the subject to further classify the subject at risk for the one or

more multiple early stage cancers as a candidate subject for monitoring,

73. A method for identifving a candidate population of subjects having an carly stage
canser, the method comprising:
for each of one or more subjects in a plurality of subjects:

obtaining sequence nformation derived from a first assay performed on a sample

obtained from the subject;
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76.

77.

performing a screen by analyzing the sequence information of the subject to wentify
whether the subject 1s not at risk of having one or more early stage cancers;

responsive to not having identified that the subject 18 not at risk for one or more carly
stage cancers, obtaining sequence information derived from a second assay
performed on the sample or an additional sample obtained from the subject to
generate the sequence information denved from the second assay; and

performing a diagnostic analysis of the sequence information derived from the second
assay for the subject to determine whether to mchude the subject in the candidate

population.

¢ method of claim 73, wherein less than 109 of the plurality of subjects are not
identified as not at risk for one or more early stage cancers, wherein performing the
analysis of the sequence information derived from the second assay is performed for

the less than 10% of plurality of subjects.

. The method of claim 73, wherein less than 3% of the plurality of subjects are not

identified as not at risk for one or more early stage cancers, wherein performing the
analysis of the sequence information derived from the second assay 1s performed for

the less than 5% of plurality of subjects.

The method of any one of claims 73-75, wherein the tiered, moltipart method that
analyzes the phurality of subjects across two or more tier of testing delivers improved
performance as a function of resource consumption i comparison to the single tier

method.

The method of claim 76, wherein the tiered, multipart method that analvzes the

plarality of subjects across two or more tier of testing achieves an improved performance

metric 1 comparison to a single tier method.

78.

The method of claim 76, wherein the tiered, maltipart method that analvzes the

plurality of subjects across two or more ticr of testing achicves a similar or decreased

performance metric in comparison fo a single tier method.

79.

The metbod of any one of claims 71-78, wherein the sequence information derived

from the first assay comprises methyvlation sequence information.
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80. The method of claim 79, wherein the methylation sequence mnformation derived from

the first assay comprises methyvlation statuses for a plurahity of genomic sites.

81. The method of claim 80, wherein the plurality of genomic sites comprise a plurality of

CpG sttes.

82. The method of any one of claims 71-81, wherein performing a screen by analvzing
the obtained sequence information derived from the first assay comprses applyving a

tramed machive learning model.

83. The method of any one of claims 71-82, wherein the sequence information derived

from the second assay comprises methylation sequence information.

84. The method of claim 83, wherein the methylation sequence information from the
second assay comprises raethylation statuses for a plurality of genomic sites identified as

relevant for the subject.

85, The method of claim 84, wherein the plurality of genomic sttes comprise a plurality of

Cpls sites.

86. The method of any one of claims 71-85, wherein performing a diagnostic analysis of
the obtained sequence information derived from the second assay comprises applyving a

trained machine leaming model.

87. The method of claim 86, wherein performing an analysis of sequence information of

the subject further comprises:

computing, for one or more nstances of an analvie in a window of a plurality of windows
on a target region of the analvite, a metrie specific for the window and the target
region; and

analyzing, using the trained machine leaming model, at least the metne specific for the

window and the target region.

88. The method of claim 87, wherein the metric specific for the window and the target
region comprises a proportion of a count of DNA fragments having a specific count of

methylated CpGs to a count of DNA fragments for the window of the target region.
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89. The method of claim 87, wherein the metric specific for the window and the target
region comprises a proportion of a count of DNA fragments having a specific patiern

of methylation 1o a count of DNA fragments for the window of the target region.

90. The method of any one of claims 87-89, wherein computing the metric specific for the
window and the target region comprises performing a first function to quantify a

count of occurrences of methylated CpGs within the window of the target region.

91. The method of any one of claims 87-89, wherein computing the metric specific for the
window and the target region further comprises performing a second function to
normalize the count of occurrences of methyvlated CpGs relative (o a count of DNA

fragments for the window of the target region.

92. The method of any one of claims 88-91, wherein the window comprises between 1

and 100 CpG sites.

93. The method of any one of claims 87-92, wherein the metric specific for the window
and the target rogion comprises an input vector comprising proportions of DNA
fragments having specific counts of methylated CpGs out of all possible CpG

methylation patterns.

i

94. The method of claim 93, wherein the all possible methylation patterns are 2% possible

patterns, where & refers to a number of Cp(G sites in the window.

G5, The method of any one of claims 71-94, wherein obtaining sequence mformation
derived from the first assay comprises:
performing or having performed the first assay to generate the sequence mformation

dertved from the first assay.

56. The method of claim 95, wherein performing or having performed the first assay
comprises performing or having performed one or more of!

a. sequencing of nucleic acids in the sample;

b. hybrid capture;

¢. methylation-specific PCR;

d. an assay that generates methylation information; and

¢. sequencing a clone hibrary generated from a teraplate iovnorialized library.

J
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97, The method of claim 96, whercin performing the assay that generates sequence
wformation comprises:

obtamning bisulfite converted cell free DNA (cfDNAY;

selectively amplifving target regions of the bisulfite converted ¢fDNA; and

sequencing amplicons comprising the amplified target regions to generate the methylation

information.

98. The method of claim 97, wherein the target regions of the bisulfite converted cfDNA

comprise previously identified regions that are differentially methylated in cancer.

99. The method of claim 97, wherein the target regions of the bisulfite converted ¢fDINA
comprise one of more Cpés islands or portions of one or more Cp islands shown in

Tables 1~4.

100, The method of claim 97, wherein the target regions of the bisulfite converted
cfDNA comprise at most 10%, at most 20%, at most 30%, at most 40%, at most 50%, at
most 3535, at most 60%, at most 6596, at most 70%, at most 73%, at most 80%, at most
85%, or at most 90% of CpG 1slands or portions of CpG islands shown in any one of
Tables 1~4.

101, The method of claim 97, wherein the target regions of the bisulfite converted
¢fDNA comprise 100, at most 130, at most 200, at most 300, at most 400, at most 500, at
most 600, at most 700, at most 800, at most 900, at most 1000, at most 1500, at most
2000, at most 2300, at most 3000, at most 3500, or at most 4000 CpG islands or portions

of Cp( 1slands selected from Tables [-4,

102, The method of any one of claims 71-101, wherein performing the diagnostic
analysis of the sequence information derived from the second assay comprises analvzing
sequence nformation generated from target regions comprising one or more Up(G islands

or portions of one or more Cp( islands shown n Tables 1-4.

103. The method of claim 102, wherein the target regions comprise at least 10%, at

least 20%, at least 30%, at least 40%, at least 50%, at least 55%, at least 60%, at least

>

nos

65%, at least 70%, at least 73%, at least 809%, at least 853%, at least 90%, at least 1%, at

least 92%, at least 93%, at least 9496, at least 93%, at least 96%, at least 97%, at least
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98%, or at least 9% of CpG islands or portions of Cp( islands shown i any one of

Tables 1-4.

104. The method of claim 102, wherein the target regions comprise at least 100, at
least 150, at least 200, at least 300, at least 400, at least 500, at least 600, at least 700, at
least 800, at least 900, at least 1000, at least 1500, at least 2000, at least 2500, at least
3000, at least 3500, at least 4000, at least 4500, at least 3000, at least 5500, or at least

6000 Cp( stands or portions of Cp( 1sfands selected from Tables 1-4.

105, The method of any ove of claims 71-104, wherein performing the diagnostic
analysis of the sequence mformation derived from the second assay comprises analyzing
methyviation statuses of more Cp(s islands in comparison to a quaatity of CpG islands

analtyzed when performing the screen of the subject.

106 The method of claim 105, wherein performing the diagnostic analysis of the
sequence information derived from the second assay comprises analyzing methylation
statuses of at least 5 times more CpG islands 1n comparison to a guantity of Cp( islands

analyzed when performing the screen.

107. The method of claim 103, wherein one or more of the Cp( islands analyzed
when performing the screen represent a subset of the CpG islands analyzed when

performing the diagunostic analysis.

108, The method of claim 107, wherein every CpG island analyzed when

performing the screen is further analyzed when performing the diagnostic analvsis.

109, The method of claim 105, wherein perfornung the diagnostic analysis
comprises analyzing methylation statuses of at least 500 CpG islands, and wherem
performing the screen comprises analyzing methyviation statuses of at least 100 CpG

islands.

110, The method of any one of claims 71-109, wherein the sample or additional

sample is obtained from the subject while the subject is asymptomatic,

111, The method of any one of claims 71-110, wherein the sample or additional
sample comprises any one of;

a blood sample,
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a stool saraple,
a urine sample,
a mucous sample,

a saliva sample.

112, The method of any one of claims 71-11 1, wherein the sample or the additional

sample are blood samples.

113, The method of any one of claims 71-112, wherein the first assay performed on
the sample or the second assay performed on the sample or the additional sample
processes one or more of’

nucleic acids;

cell free DNA meluding selected CpGs with a sclected methylation state; and

RNA.

114. The method of any one of claims 71-113, wherein a cost of the second assay is

greater than a cost of the first assay.

115, The method of any one of claims 71-114, wherein the second assav comprises

whole genome sequencing.

116. The method of claim 115, wherein the whole genome sequencing comprises

whole genome bisulfite sequencing,

1i7. The method of any one of claims 71-116, wherein the diagnostic analysis

achioves a higher sensitivity at a higher specificity in comparison to the screen.

118. The method of any one of claims 71-117, further comprising determining a
tissue of origin of the at least onc specific cancer m the subject using the sequence

wformation of the subject.

119, The method of any one of claims 71-1 18, further comprising:

performing an analysis of additional sequence imformation of the subject that has been
obtained from an additional biological sample of the subject obtained subscquent to a
timepoint that the biological sample was obtained,

determining one or more changes between the additional sequence information of the

subject and the sequence information; and
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determining a progression of the at feast one specific cancer in the subject based on the

determined one or more changes.

120. The method of claim 119, further comprising:
determining whether to provide an mtervention to the subject based on the deternmined

progression of the at least one specific cancer.

121 The method of claim 119 or 120, wherein determining one or more changes
between the additional sequence information of the subject and the sequence information
comprigses determuning changes one or more changes i methylation status across a

plurality of genomie sites.

122. The method of claim 73, further comprising:
for each of one or more other subjects in the plurality of subjects:
obtaining sequence information derived from a first assay performed on a sample
obtained from the subject;
performing a screen by analvzing the sequence information to classify the subject as
at risk for one or more multiple early stage cancers or not at risk for one or more
multiple eady stage cancers; and
responsive to a classification of the subject as not at risk for one or more multiple
carly stage cancers, reporting that the subject is not at nisk for one or more
multiple carly stage cancers and withholding the sebject from the candidate

population.

123, The method of any one of claims 71-73, further corprising:

obtaining sequence information derived from a third assay performed on a yet additional
sample obtained from the subject; and

performing a diagnostic analysis of sequence mformation derived from the third assay for

the subject to further classify the subject.

124, The method of claim 123, wherein the obtained sequence information derived

from the third assay comprises methylation sequence information.

125, The method of clatm 124, wherein the methylation sequence jnformation
compriges methylation statuses for a plurality of individually informative sites for the

subject.
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126, The method of any one of claims 123-125, wherein the vet additional sample
is obtained at a different time than a time that either the sample or additional sample were

obiamned.

127. The method of any one of claims 71-126, wherein the one or more multiple

carly stage cancers is fificen or more different cancers,

128. The method of any one of claims 71127, wherein the one or more multiple
carly stage cancers is a set of acute lvmphoblastic leukemia, acute myeloid leukemia,
adrenocortical carcinoma, soft tissue sarcoma, lymphoma, anal cancer, gastrointestinal
cancer, brain cancer, skin cancer, bile duct cancer, bladder cancer, bone cancer, breast
cancer, lung cancer, cardiac cancer, central nervous system cancer, cervical cancer,
chromic lymphocyviic leukenua, chronic myelogenous leukemia, chronie
myeloproliferative neoplasms, colorectal cancer, uterine cancer, esophageal cancer, head
and neck cancer, eye cancer, fallopian tube cancer, galibladder cancer, gastric cancer,
germ cell tumor, gestational trophoblastic cancer, hairy cell leukemia, liver cancer,
Hodgkin lymphoma, intraccular melanoma, pancreatic cancer, kidney cancer, loukemia,
mesothelioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia syndromes,
multiple myeloma neoplasms, myelodysplastic neoplasms, ovarian cancer, parathyroid
cancer, penile cancer, pheochromocytoraa, pituitary cancer, plasma cell neoplasm,
primary perifoneal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma, small
ntestine cancer, testicular cancer, throat cancer, thymoma and thymic carcinoma, thyroid

cancer, urethral cancer, uterine cancer, vaginal cancer, and velvar cancer.

129 The method of any one of elaims 71-126, wherein the one or more multiple

carly stage cancers is a single cancer type.

130. The method of claim 129, wherein the single cancer type is any one of acute
fymphoblastic leukenua, acute myeloid levkemia, adrenocortical carcinoma, soft tissue
sarcoma, lvmphoma, anal cancer, gastrointestinal cancer, brain cancer, skin cancer, bile
duct cancer, bladder cancer, bone cancer, breast cancer, lung cancer, cardiac cancer,
central nervous system cancer, corvical cancer, chronic lymphocytic leukenua, chronic
myelogenous leukemia, chronic myeloproliferative neoplasms, colorectal cancer, uterine
cancer, esophageal cancer, head and neck cancer, eve cancer, fallopian tube cancer,

gallbladder cancer, gasiric cancer, germ cell tumor, gestational trophoblastic cancer, hairy
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cell leukemia, hiver cancer, Hodgkin lymaphoma, miraocular melanoma, pancreatic cancer,
kidney cancer, leukemia, mesothelioma, metastatic cancer, mouth cancer, multiple
endocrine neoplasia syndromes, multiple myeloma neoplasms, myelodysplastic
neoplasms, ovarian cancer, parathyroid cancer, penile cancer, pheochromocytoma,
pituitary cancer, plasma cell neoplasm, pnmary perttoneal cancer, prostate cancer, rectal
cancer, retinoblastoma, sarcoma, small intestine cancer, testicular cancer, throat cancer,
thymoma and thymic carcinoma, thyroid cancer, urcthral cancer, uterine cancer, vaginal

cancer, and vulvar cancer.

131. The method of any one of claims 71-126, wherein the carly stage cancerisa

prechnical phase cancer

132, The method of claim 131, wherein the preclhinical phase canceris stage Lor

stage II cancer.

133. The method of any one of claims 71-132, wherein the method has more than a
70% ability to detect the at least one of multiple early stage cancers at more than 95%,
more than 96%, more than 97%, more than 98%., more than 99%, more than 99.5%, or

more than 99.9% specificity.

134. The method of any one of claims 71-133, wherein the method achieves at least
a 80%, at least a 81%, at least a 8296, at least a 83%, at least a 84%, or at least a 85%

positive predictive value when detecting the at least one of maltiple early stage cancers.

135. The method of any one of claims 71-134, wherein the method achieves at least
a 93%, at least a 96%, at lcast a 97%, at least a 98%, at least a 99%, at feast a 99.3%, or at
least a 99.4% negative predictive value when detecting the at least one of multiple early

stage cancers.

136, The method of any one of claims 71-135, whercin the screcn has at least a

909, at least a 95%, or at least a 99% negative predictive value.

137. The method of any one of claims 71-136, wherein the diagnostic analysis has
at least a 809, at least a 81%, at least a 82%, at least a 83%, at least a 84%, oratleast a

85% positive predictive value.
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138, The method of any one of claims 71-137, wherein the diagnostic analysis has
at least a 90%, at least a 1%, at least a 929, at least a2 93%, at least a 94%. at least a

95%, at least a 96%, or at least a 97% negative predictive value.

139, A non-transitory computer readable medium comprising instruyctions that,

when executed by a processor, cause the processor 1o

perform an analysis of sequence information of the subject that has been obtained from a
biological sample of the subject to identify whether the subject is not at nisk of having
one or more of the early stage cancers; and then if the patient has not been identified
as not at risk:

analyze the sequence information of the subject not identified as not at risk by performing

a second analysis to detect the presence of at least one specific cancer in the subject.

140 The non-transitory computer readable medium of claim 139, wherein the one

or more of the early stage cancers is fifteen or more different cancers.

141 The non-transitory computer readable mediom of claim 139 or 140, wherein
the one or more of the carly stage or preclinical phase cancers is a set of acute
tvmphoblastic leukemia, acutc myeloid leukenia, adrenocortical carcinoma, soft tissue
sarcoma, tyrmphoma, anal cancer, gastrowntestinal cancer, brain cancer, skin cancer, bile
duct cancer, bladder cancer, bone cancer, breast cancer, lung cancer, cardiac cancer,
central nervous system cancer, cervical cancer, chronic lymphoeytic keukemia, chronic
myelogenous leukemia, chronic mycloproliferative neoplasms, colorectal cancer, wierine
cancer, esophageal cancer, head and neck cancer, eye cancer, fallopian tube cancer,
gallbladder cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, hairy
cell leukemia, liver cancer, Hodgkin lyrmaphoma, intraocular melanoma, pancreatic cancer,
kidney cancer, leukemia, mesothelioma, metastatic cancer, mouth cancer, multiple
endocrine neoplasia syndromes, multiple myeloma neoplasms, myelodysplastic
neoplasms, ovarian cancer, parathyroid cancer, penile cancer, pheochromocytoma,
pituitary cancer, plasroa cell neoplasm, priumary perttoneal cancer, prostate cancer, roctal
cancer, retinoblastoma, sarcoma, small intestine cancer, testicular cancer, throat cancer,
thymoma and thymic carcinoma, thyrotd cancer, urethral cancer, uterine cancer, vaginal

cancer, and vulvar cancer.
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142. The non-transitory corputer readable medium of clavn 139, wherein the one

or more of the early stage or prechinical phase cancer is a single cancer type.

143. The non-transitory computer readable medium of claim 142, wherein the
single cancer type is anv one of acute lymphoblastic leukemia, acute myeloid leukemia,
adrenocortical carcinoma, soft tissue sarcoma, lymphoma, anal cancer, gastrointestinal
cancer, brain cancer, skin cancer, bile duct cancer, bladder cancer, bone cancer, breast
cancer, lung cancer, cardiac cancer, central nervous system cancer, cervical cancer,
chronic lymphocytic leukemia, chronic myelogenous leukemia, chronic
myeloproliferative neoplasms, colorectal cancer, uterine cancer, csophageal cancer, head
and neck cancer, eve cancer, fallopian tube cancer, gallbladder cancer, gastric cancer,
germ cell tumor, gestational trophoblastic cancer, hairy cell leukemia, liver cancer,
Hodgkin fymphoma, intraccular melanoma, pancreatic cancer, kidney cancer, leukemia,
mesothelioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia syndromes,
multiple mveloma neoplasms, myelodysplastic neoplasms, ovanian cancer, parathyroid
cancer, penile cancer, pheochromocytoma, pituitary cancer, plasma cell neoplasm,
primary peritoneal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma, smatll
intestine cancer, testicular cancer, throat cancer, thymoma and thyoc carcinoma, thyroid

cancer, urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

144. The non-transitory computer readable medium of claim 139, wherein the early

stage cancer is a preclinical phase cancer

145, The non-transitory computer readable medium of claim 144, wherein the

prechinical phase cancer is stage ¥ or stage U cancer.

146. The non-transitory computer readable medium of any one of claims 139-145,
wherein the performance of the analysis and the analysis of the sequence information has

more than a 70% ability to detect the at least one of multiple carly stage cancers.

147. The non-transitory computer readable medium of any one of claims 139-146,
wherein the performance of the analysis and the analysis of the sequence mformation has
more than a 70% ability to detect the at least one of maltiple carly stage cancers at more

than 95%, more than 96%, more than 97%, more than 98%. more than 99%, more than

99.5%, or more than 99 9% specificity.
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148. The non-transitory coraputer readable medium of any one of claims 139-147,
wherein the performance of the analvsis and the analysis of the sequence mformation
achieves at least a 80%, at least a 819%, at least a 82%, at lcast a 83%, at lcast a 84%, or at
feast a 85% positive predictive value when detecting the at least one of nwltiple early

stage cancers.

149, The non-transitory coraputer readable medium of any one of claims 139-144,
wherein the performance of the analvsis and the analysis of the sequence mformation
achieves at least a 95%, at least a 96%, at least a 979%, at least a 9€%, at lcast a 99%, at
feast 3 99.3%, or at least a 99.4% negative predictive value when detecting the at least

one of multiple early stage cancers.

150, The non-transitory coraputer readable medium of any one of claims 139-149,
wherein the performance of the analysis has at least 2 90%, at least a 95%, or atleast a

599% negative predictive value.

151 The non-transitory computer readable medium of any one of claims 139-150,
wherein the analysis of the sequence mformation to identify whether the subject has a
detectable cancer or precancer has at feast a 80%, at least a 81%, at least a §2%, at least a

839, at least a 84%, or at least a 85% positive predictive value.

152. The non-transitory computer readable mediwm of any one of clawus 139-151,
wherein the analysis of the sequence information to identify whether the subject has a
detectable cancer or procancer has at feast a 90%, at least a 91%, at least a 92%, at least a
093%, at least a 94%, at least a 95%, at least a 96%, or at feast a 97% negative predictive

vahue.

153. The non-transitory computer readable meduwn of any one of clavus 139-152,

wherein the sequence information comprises methylation sequence information.

154. The non-transitory computer readable medium of claim 153, wherein the
methylation sequence information comprises methylation statuses for a plurality of

ZENOMmiC Sites.

155 The non-transitory computer readable mediom of claim 154, wherein the

plurality of genomic sttes comprise a plurality of CpG sites.
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156. The non-transitory coraputer readable medium of any one of claims 139-155,
wherein the instructions that cause the processor to perform an analysis of sequence
mnformation of the subject comprises further comprises instructions that, when executed

by the processor, cause the processor to apply a trained machine learung model.

157. The non-transitory computer readable mednmm of claim 156, wherein the

instructions that cause the processor to perform an analysis of sequence mformation of

the subject further comprises instructions that, when executed by the processor, cause the

PIOCessor {0

compute, tor one or more instances of an analyte in a window of a plurality of windows
on a target region of the analyte, a metric specific for the window and the target
region; and

analyze, using the trained machine learning model, at least the metric specific for the

window and the target region.

rl

158. The non~transitory computer readable medium of claim 157, wherein the
metric specific for the window and the target region comprises a proporttion of a cound
of DNA fragments having a specific count of methvlated CpGs to a count of DNA

fragments for the window of the target region.

159 The non-transitory computer readable mediom of claim 157, wherein the
metric specific for the window and the target region comprises a proportion of a count
of DNA fragments having a specific patters of methylation to a count of DNA

fragments for the window of the target region.

160, The non-transitory computer readable mednon of any one of clavus 157-159,
wherein the imstructions that cause the processor to compute the metric specific for
the window and the target region further comprises instructions that, when exceuted
by the processor, cause the processor to perform a first function to quantify a count of

occurrences of methvlated CpGs within the window of the target region.

161 The non-transitory computer readable medno of any one of clavus 157-159,
wherein the istructions that cause the processor to compute the metric specific for

the window and the target region further comprises instructions that, when executed
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by the processor, cause the processor to perform a second function o normalize the
count of occurrences of methylated CpGs relative to a count of DNA fragments for

the window of the target region.

162. The non-transifory computer readable mediom of any one of claims 158-161,

wherein the window comprises between | and 100 CpG sites.

163. The non-transitory computer readable mediim of any one of claims 1537-162,
wherein the metric specific for the window and the target region comprises an mput
vector comprising proportions of DNA fragments having specific counts of

methylated CpGs out of all possible CpG methylation pattermns.

164, The non-transitory computer readable medium of claim 163, wherein the all
possible methylation pattems are 2% possible patterns, where k refers to a number of

CpG sites 10 the window.

165. The non-transitory computer readable meduwn of any one of clavus 139-164,
wherein the sequence information is obtained from an assay, wherein the assay comprises
performing one or mote of!

sequencing of nucleic acids n the sample;

a.
b. hybrid capture;

(&)

. methylation-specific PCR;
d. an assay that generates methylation wformation; and

¢. sequencing a clone library generated from a teraplate immortalized library.

166. The non-transitory computer readable medivm of claim 165, wherein
performing the assay that generates sequence information comprises:

obtaining bisulfite converied cell free DNA (cfBNA);

selectively amplifving target regions of the bisulfite converted cfDNA; and

sequencing amplicons comprising the amplified target regions to generate the methylation

mformation.

167. The non-transitory corputer readable medium of clavn 166, wherein the
target regions of the hisulfite converted ¢fDNA comprise previously identified regions

that are differentially methylated in cancer.
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168. The non-transitory corputer readable medium of clavn 166, wherein the
target regions of the hisulfite converted ¢fDNA comprise one or more CpG islands or

portions of one or more CpG islands shown in Tables 1-4.

169, The non-transitory computer readable medium of claim 37, wherein the target
regions of the bisulfite converted cfDNA comprise at most 10%, at most 20%. at most
30%, at most 40%, at most 30%, at most 55%., at most 60%, at most 63%, at most 70%, at
most 75%, at most 80%, at most 85%, or at most 909% of CpG islands or portions of CpG

tslands shown in any one of Tables 1-4.

170. The non-transitory computer readable medium of claim 37, wherein the target
regions of the bisulfite converted cfDNA comprise 100, at most 150, at most 200, at most
300, at most 400, at most 300, at most 600, at most 700, at most 800, at most 900, at most
1000, at most 1500, at most 2000, at most 2500, at most 3600, at most 3500, or at most

4000 CpG islands or portions of Cp( islands selected from Tables 1-4.

171 The non-transitory computer readable medium of any one of claims 1-41,
wherein analyzing sequence mformation of the subject not identified as not at risk
comaprises analyzing sequence information

geonerated from target regions comprising one

or more CpG islands or portions of ong or more {pG islands shown in Tables 1-4.

172, The non-taansitory computer readable medium of claim 42, wherein the target
regions comprise at least 10%, at least 20%, at least 30%, at least 409, at least 50%, at
least 535%. at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least
8596, at least 0%, at least 91%, at least 92%, at least 93%. at least 94%, at least 939, at
least 96%, at least 97%, at least 98%, or at least 99% of CpG islands or portions of CpG

islands shown in any one of Tables 1-4.

173. The non-transitory computer readable medium of claim 43, wherein the target
regions comprise at least 100, at least 150, at least 200, at least 300, at least 400, at least
300, at least 600, at least 700, at least 800, at least 900, at least 1000, at least 1300, at
feast 2000, at least 2500, at least 3000, at least 3500, at least 4000, at least 4500, at least
5000, at least 5300, or at least 6600 CpG islands or portions of TpG islands selected from

Tables 1-4.
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174. The non-transitory coraputer readable medium of any one of claims 1-44,
wherein performing the second analysis comprises analvzing methylation statuses of
more CpG islands 10 comparison to a quantity of Cp( islands analvzed when performing

the analysis of sequence information of the subject.

175. The non-~transitory computer readable medium of claim 45, wherein
performing the second analysis comprises analyzing methvlation statuses of at least 5
times more Cp(s islands in comparison to a quantity of Cp(G islands analvzed when

performing the analysis of sequence information of the subject.

176. The non-transitory computer readable mediom of claim 45, wherein one or
more of the CpG islands analvzed when performing the analysis of sequence information
of the subject represent a subset of the CpG islands analvzed when performing the second

analvsis.

177. The non-transitory computer readable mediwn of claim 47, wherein every
CpG 1sland analyzed when performing the analysis of sequence mformation of the subject

is further analyzed when performing the second analysis.

178. The non-transitory computer readable mednmm of claim 45, wherein
performing the second analysis comprises analyzing methylation statuses of at least 360
CpG islands, and wherein performing the analysis of sequence information of the subject

compriges analvzing methylation statuses of at least 100 CpG islands.

179. The non-transitory computer readable medium of any one of claims 139-178,
wherein the biological sample is obtained from the subject while the subject is

asymptomatic.

180. The non-transitory computer readable mediom of any one of claims 139-179,
wherein the biological sample comprises any one of’

a blood sample,

a stool sample,

a urige sample,

a mucous sample,

a saliva sample.
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181 The non-transitory coraputer readable medium of any one of claims 139-180,

wherein the biological sample 1s a blood sample.

182. The non-transitory computer readable medium of claim {81, wherein the

biclogical sample does not comprise an invasive biopsy sample.

183 The non-transitory computer readable medium of any one of claims 165-182,
wherein the assay performed on the biclogical sample processes one or more of!

nucleic acids;

cell free DNA including sclected CpGs with a selected methvylation state; and

RNA.

-

184. The non-transitory computer readable medium of any one of claims 139-183,
wherein the second analysis comprises whole genome sequences, optionally whole

genome bisulfite sequencing.

185. The non-transitory computer readable medium of any one of claims 139-184,
further comprising mstructions that, when executed by the processor, cause the processor
to determine a tissue of onigin of the at least one specific cancer in the subject using the

sequence imformation of the subject.

186. The non-transitory computer readable medium of any one of claims 139-183,

further comprising mstructions that, when executed by the processor, cause the processor

to:

perform an analysis of additional sequence mformation of the subject that has been
obtained from an additional biological sample of the subject obtained subsequent to a
timepoint that the biological sample was obtained;

deteroune one or more changes between the additional sequence information of the
subject and the sequence mformation; and

determine a progression of the at least one specific cancer in the subject based on the

deternined one or more changes.

187. The non-transitory computer readable medivm of claim 186, further
comprising instructions that, when executed by the processor, cause the processor to;
determine whether to provide an intervention fo the subject based on the deternuned

progression of the at least one specific cancer.
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188. The non-transitory coraputer readable medium of clatn 186 or 187, wherein
the instructions that cause to processor to determine one or more changes between the
additional sequence information of the subject and the sequence information further
comprises mstructions that, when executed by the processor, cause the processor to
determine changes one or more changes i methvlation status across a plurality of

genomic sites.

189 A non-transitory computer readable mediom comprising instructions that,

when execuated by a processor, canse the processor to.

perfora an analysis of scquence information of the subject that has been obtained from a
biological sample of the subject o 1dentify whether the subject 1s not at risk of having
the health condition; and then if the patient has not been identified as not at risk:

analyze the sequence information of the subject not identified as not at risk by performing

a second analysis to detect the presence of the health condition in the subject.

190, A non-fransitory computer readable mediom comprising instractions that,

when executed by a processor, cause the processor 1o

perform an analysis of marker information of the subject that has been obtained from a
biological sample of the subject to identify whether the subject is not at risk of having
the health condition; and then i the pationt has not been identified as vot at risk:

analvze sequence information of the subject not identified as not at risk by performing a

second analvysis to detect the presence of the health condition in the subject.

191. The non-transitory computer readable medium of claim 190, wherein marker

information comprises quantitative levels of protein biomarkers.

192. A pon-transitory compuier readable mediom comprising instructions that,

when exccuted by a processor, cause the processor 1o

{a) perform an analysis of sequence information of nucleic acids in the sample to
determine whether the analysis generates a result correlative with presence or absence
of a human condition, and then if the result 1s detected:

(b} analyze the sequence mformation of the nucleic acids in the sample by performing a
second analvsis to determine if the second analysis generates the signal, wherein 1f the

signal is detected, then the probability the signal in the sample is authentic 1s higher as
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compared to a probability that a signal 1s anthentic when generated by an analogous

method, where the analogous method differs by omitting step (a).

193. The non-transitory computer readable medium of any one of claims 189-192,
wherein the method achieves at least a 20% positive predictive value when detecting the

health condition.

194. The non-transitory computer readable medim of any one of claims 189-192,
7

wherein the method achieves at least a 40% positive predictive value when detecting the

health condition.

195 The non-transitory computer readable medium of any one of claims 189-192,
wherein the method achieves at least a 60% positive predictive value when detecting the

health condition.

196. The non-transitory computer readable medium of any one of claims 189-192,
wherein the steps performed by the processor achieve at least a 0%, at least a 81%, at
lcast a 82%, at least a 83%, at least a 8495, or at least a 5% positive predictive value

when detecting the health condition.

197. The non-transitory computer readable medium of any one of clauus 189-196,

wherein the health condition is a disease risk.

198. The non-transitory computer readable medium of any one of claims 189-196,

wheremn the health condition is a rare disease or disorder.

199, The non-transitory computer readable mediom of any one of claims 189-196,
wherein the health condition has an incidence of 1 in 100, 1 in 1,000, 1 in 10,0600
individuals, 1 10 100,000 mdividuals, T in 1,000,000 individuals, 1 in 16,000,000

mdividuals, or 1 in 100,000,000 individuals.

200. A son-transitory computer readable medium comprising instructions that,

when executed by a processor, cause the processor to:

obtain sequence information derived from a first assay performed on a sample obtained
from a subject;

perform a screen by analyvzing the sequence information to classify the subject as at risk

for a health condition or not at risk for a health condition;
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responsive to a classification of the subject as at risk for a health condition, obtain
sequence mformation derived from a second assay performed on the sample or an
additional sample obtained from the subject to generate the sequence information
derived from the second assay; and

performing a diagnostic analysis of the sequence information derived from the second
assay for the subject to further classify the subject at risk for the health condition as a

candidate subject for monitoring.

201 A non-transttory compuier readable mediom comprising instructions that,
when executed by a processor, cause the processor to:
obtain sequence information derived from a first assay performed on a samiple obtained
from the subject;
perform a screen by analyzing the sequence mformation to classify the subject as at risk
for the health condition or not at risk for the health condition:;
if the subject 1s classified as not at risk for the health condition, report that the subject 1s
not at risk for the health condition;
if the subject is classified as at risk for the health condition:
obtain sequence information derived from a second assay performed on the
sample or an additional sample obtained from the subject to generate the
sequence mformation derived from the second assay; and
perform a diagnostic analysis of the sequence information denved from the
second assay for the subject to further classify the subject at risk for the health

condition as a candidate subject for monitonng.

202. A non-transitory computer readable medium comprising instructions that,
when executed by a processor, cause the processor 10!
for cach of one or more subjects m a plurality of subjects:
obtain sequence information derived from a first assay performed on a sample
obtained from the subject;
perform a screen by analyzing the sequence information to classify the subject as at
nisk for a health condition or not at risk for a health condition;
responsive to a classification of the subject as at risk for a health condition, obtam

sequence mformation derived from a second assay performed on the sample or an
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additional sample obtained from the subject to generate the sequence mformation
derived from the second assay; and

perform a diagnostic analysis of the sequence information derived from the second
assay for the subject to further classify the subject at risk for a health condition as

a candidate subject for inclusion n the candidate population.

203, A sysicn comprising;
a Processor;
a data storage comprising sequence information that has been obtained from a biclogical
sample of a subject;
a non-transiiory computer readable medium comprising instructions that, when executed
by the processor, canse the processor to:
perform an analysis of sequence information of the subject that has been obtained
from a biological sample of the subject to identify whether the subject s not at
risk of having one or more of the carly stage cancers; and then if the patient has
not been identified as not at risk:
analyze the sequence information of the subject not identified as not at risk by
performing a sccond analysis to detect the presence of at east one specific cancer

m the subject.

204, The system of claim 203, wherem the one or more of the carly stage cancers is

fifteen or more different cancers.

2085, The system of claim 203 or 204, wherem the one or more of the carly stage or
prechinical phase cancers is a set of acute lymphoblastic leukemia, acute myeloid
leukemia, adrenocortical carcinoma, soft tissue sarcoma, lymphoma, anal cancer,
gastrointestinal cancer, brain cancer, skin cancer, bile duct cancer, bladder cancer, bone
cancer, breast cancer, lung cancer, cardiac cancer, central nervous system cancer, cervical
cancer, chronic lymphocytic levkemia, chronic myelogenous leukemia, chronic
noyeloproliferative ncoplasms, colorectal cancer, uterine cancer, esophageal cancer, bead
and neck cancer, eve cancer, fallopian tube cancer, galibladder cancer, gastric cancer,

gestational trophoblastic cancer, hairy cell keukemia, liver cancer,

s &

germ cell tumor
Hodgkin fymphoma, intraocular melanoma, pancreatic cancer, kidney cancer, leukemia,
mesothelioma, metastatic cancer, mouth cancer, multipic endocerine neoplasia syndromes,

multiple myeloma neoplasms, myelodysplastic neoplasms, ovarian cancer, parathyroid
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cancer, penile cancer, pheochromocytoma, pituitary cancer, plasma cell neoplasm,
primary perifoneal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma, small
intestine cancer, testicalar cancer, throat cancer, thymoma and thymic carcinoma, thyroid

cancer, urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

206. The system of claim 203, wherem the one or more of the early stage or

prechinical phase cancer is a single cancer type.

207. The system of claim 206, whercin the single cancer type is any one of acute
Iymphoblastic leukenua, acute myelowd leukemia, adrenocortical carcinoma, soft tissue
sarcoma, tvmphoma, anal cancer, gastrommtestinal cancer, bran cancer, skin cancer, bile
duct cancer, bladder cancer, bone cancer, breast cancer, lung cancer, cardiac cancer,
central nervous system cancer, corvical cancer, chronic lymphocytic leukenua, chronic
myelogenous leukemia, chronic myveloproliferative neoplasms, colorectal cancer, uterme
cancer, esophageal cancer, head and neck cancer, eve cancer, fallopian tube cancer,
gallbladder cancer, gasiric cancer, germ cell tumor, gestational trophoblastic cancer, hairy
cell leukemua, Hiver cancer, Hodgkin lymphoma, intraccular melanoma, pancreatic cancer,
kidney cancer, leukenua, mesothelioma, metastatic cancer, mouth cancer, multiple
endocrine neoplasia syndromes, multiple myeloma neoplasms, myelodysplastic
neoplasms, ovarian cancer, patathyroid cancer, penile cancer, pheochromocytoma,
pituttary cancer, plasma cell neoplasm, primary peritoneal cancer, prostate cancer, rectal
cancer, retinoblastoma, sarcoma, small infestine cancer, testicular cancer, throat cancer,
thymoma and thymic carcinoma, thyroid cancer, urethral cancer, uterine cancer, vaginal

cancer, and vulvar cancer.

208. The systers of claim 203, wherem the carly stage cancer s a preclinical phase
cancer
209, The system of claim 208, wherein the preclinical phase cancer is stage ¥ or

stage H cancer.

210, The system of any one of claims 203-209, wherein the performance of the
analtysis and the analysis of the sequence information has more than a 70% ability to

detect the at least one of multiple carly stage cancers.
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211 The system of any one of clavns 203-210, wherein the performance of the
analvysis and the analysis of the sequence information has more than a 70% ability to
detect the at least one of multiple carly stage cancers at more than 95%, more than 96%,
more than 97%, more than 98%, more than 99%, more than 99.5%, or more than 99.9%

specificity,

212 The system of any one of clavns 203-21 1, wherein the performance of the
analvsis and the analysis of the sequence mformation achieves at least a 80%, at least a
819, at least a 82%, at least a 83%, at least a 84%, or at least a 85% positive predictive

value when detecting the at feast one of multiple carly stage cancers.

213, The system of any one of claims 203-212, wherein the performance of the
analvsis and the analysis of the sequence information achieves at least a 93%, at least a
969, at least a 97%, at least a 98%, at least a 99%, at least 2 99.3%, or at least 4 99.4%

negative predictive value when detecting the at least one of multiple early stage cancers.

214 The system of any one of claims 203-213, wherein the performance of the

analysis has at least a 90%, at least a 95%, or at least a 99% negative predictive value.

213, The system of any one of claims 203-214, wherein the analysis of the

equence information to identify whether the subject has a detectable cancer or precancer

o

has at least a 80%, at lcast a 81%, at lcast a 82%, at least a 83%. at least a 84%, or at least

a 85% positive predictive value.

2i6. The system of any one of claims 203-215, wherein the analysis of the
sequence information to identify whether the sabject has a detectable cancer or precancer
has at least a 90%, at least a 91%, at least a 92%, at least a 93%, at least a 94%, at least a

§5%, at least a 96%, or at least a 97% negative predictive value,

217, The systers of any one of clatms 203-216, wherein the sequence mformation

comprises methylation sequence information.

218, The system of claim 217, wherein the methylation sequence mformation

comprises methylation statuses for a plurality of genomic sites,

219 The system of claim 218, wherem the plurality of genomic sifes comprise a

plurality of CpG sites.
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220, The system of any one of clairns 203-219, wherein the instructions that cause
the processor to perform an analysis of sequence information of the subject compnises
turther comprises instructions that, when exccuted by the processor, cause the processor

1o apply a trained machine learning model.

221. The system of claim 220, wherein the instructions that cause the processor o

perform an analysis of sequence mformation of the subject further comprises instructions

that, when executed by the processor, cause the processor o

compute, for one or more instances of an analyte 1n a3 window of a plurality of windows
on a target region of the analvte, a metric specific for the window and the target
region; and

analyze, using the trained machine learning model, at least the metric specific for the

window and the target region.

222. The system of claim 221, wherein the metric specific for the window and the
target region comprises a proportion of a count of DNA fragments having a specific
count of methvlated CpGs to a count of DNA fragments for the window of the target

region.

223, The system of claim 221, wherein the metnc specific for the window and the
target region comprises a proportion of a count of DNA fragments having a specific
pattern of methylation to a count of DNA fragments for the window of the target

rogion.

224 The syster of any one of clatmas 221-223, wherein the instructions that cause
the processor to compute the metrie specific for the window and the target region
further comprises instractions that, when executed by the processor, cause the
processor to perform a first function o quantify a couant of occurrences of methyiated

CpGs within the window of the target region.

225 The systers of any one of clatmas 221-223, wherein the instructions that cause
the processor to compute the metric specific for the window and the target region
further comprises instractions that, when executed by the processor, cause the

processor to perform a second function to normalize the count of occurrences of
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methylated CpGs relative to a count of DNA fragments for the window of the target

region.

226. The system of any one of claims 221-225, wheremn the window comprises

between 1 and 100 CpG sites.

227. The system of any one of claims 221-226, wherein the metric specific for the
window and the target region comprises an imput vector comprising proportions of
DNA fragments having specific counts of methylated CpGs out of all possible CpG

methylation patterns.

228. The system of claim 227, wherein the all possible methylation patterns are 2%

possible patterns, where & refers to a number of Cp@ sites in the window.

229. The system of any one of claims 203-228, wherein the sequence information is
obtained from an assay, wherein the assay comprises performing one or more of:

a. sequencing of nucleic acids m the sample;

b. hyvbrid capture;

¢. methylation-specific PCR;

d. an assay that generates methylation information; and

¢. sequencing a clone library generated from a template vomortalized Lbrary.

230. The system of claim 229, wherein performing the assay that generates
sequence nformation comprises:

obtaining bisulfite converted cell free DNA {(cfDNAY,

selectively amplifving target regions of the bisulfite converted cfDNA; and

sequencing amplicons comprising the amplified target regions to generate the methylation

information.

231. The system of claim 230, wherein the target regions of the bisulfite converted
¢fDINA comprise previously identified regions that are differentially methvlated in

cancer.

232. The system of claim 230, wherein the target regions of the bisulfite converted
cfDNA comprise one or more Up( islands or portions of one or more Cp( islands or

shown in Tables 1-4.
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233 The system of claim 230, wherem the target regions of the bisulfite converted
cfDNA comprise at most 10%, at most 20%, at most 30%, at most 40%, at most 50%, at
most 35%, at most 60%, at most 65%, at most 70%, at most 75%, at most 80%, at most
85%, or at most 90% of CpG islands or portions of CpG 1slands shown in anvy one of

Tables 1-4.

234 The system of claim 230, wherem the target regions of the bisulfite converted
cfDNA comprise 100, at most 150, at most 200, at most 300, at most 400, at most 500, at
most 600, at most 700, at most 800, at most 900, at most 1000, at most 1500, at most

2000, at most 2300, at most 3000, at most 3500, or at most 4000 CpG islands or portions

of CpG 1slands selected from Tables 1-4.

235 The system of any one of clairas 203-234, wherein analvzing sequence
mformation of the subject not identified as not at risk comprises analyzing sequence
information generated from target regions comprising one or more CpQ islands or

portions of one or more CpG islands shown in Tables 1-4.

57

236. The system of claim 235, wherem the target regions comprise at least 10%, at
least 209%, at least 30%, at least 40%, at least 50%, at least 35%, at least 609, at least
659, at least 70%, at least 75%, at least 8%, at least 85%, at least 90%, at least 91%, at
least 52%, at least 93%, at least 94%, at least 95%, at least 96%, at least 7%, at least
989, or at least 99% of CpG islands or portions of CpG islands shown in any one of

Tables 1-4.

237 The system of claim 235, wheremn the target regions comprise at least 100, at
least 150, at least 200, at least 300, at least 400, at least 500, at least 600, at least 700, at
feast 800, at least 900, at least 1000, at least 1500, at least 2004, at least 2500, at least
3000, at least 3500, at least 4000, at least 4500, at least 5000, at least 5500, or at least

6000 CpG slands or portions of Cp( slands selected from Tables -4,

238, The syster of any one of clavns 203-237, wherein performing the second
analvsis comprises analvzing methylation statuses of more CpG islands i comparison to
a quantity of CpG islands analyzed when performing the analysis of sequence mformation

of the subject.
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239, The system of claim 238, wherem performing the second analysis comprises
analvzing methylation statuses of at least § times more CpG islands i companson to a
guantity of CpG islands analyzed when performing the analysis of sequence information

of the subject.

240, The system of claim 238, wherem one or more of the CpG islands analyzed
when perfornuing the avalysis of sequence information of the subject represent a subset of

the CpG islands analyzed when performing the second analysis.

241. The system of claim 240, wherein every CpG island analvzed when
performing the analysis of sequence mformation of the subject 1s further analvzed when

performing the second analysis.

242. The system of claim 238, wherein performing the second analysis comprises
analyzing methylation statuses of at least 500 Cp(G islands, and wherein performing the
analvsis of sequence mformation of the subject comprises analyzing methylation statuses

of at least 100 CpG islands.

243, The system of any one of claims 203-242, wherein the biclogical sample 13

obtained from the subject while the sabject is asymptomatic.

244, The system of any one of claims 203-243, wherein the biological sample
comprises any onc of:

a blood sample,

a stool sample,

a urine sample,

a mucous sample,

a saliva sample.

245, The systers of any one of clatms 203-244, wherein the biological sample is a

blood sample.

246, The system of claim 245, wherein the biological sample does not comprise an

imvasive biopsy sample.

247, The system of any one of claims 203-246, wherein the assay perforraed on the

biological sample processes one or more of
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nucleic acuds;
cell free DNA including selected CpGs with a selected methylation state; and

RNA.

248. The system of any one of claims 203-247 wherein the sccond analysis

comprises whole genome sequencing, optionally whole genome bisulfite sequencing.

-
e

249. The system of any one of claims 203-248, wherein the non-transitory
computer readable medium further comprises mstructions that, when executed by the
processor, cause the processor to determine atissue of ongin of the at least one specific

cancer i the subject using the sequence mformation of the subject.

250, The system of any one of claims 203-249, wherein the non-transitory

computer readable medium further comprises imstructions that, when executed by the

processor, cause the processor to:

perform an analysis of additional sequence information of the subject that has been
obtained from an additional biological sample of the subject obtained subsequenttoa
timepoint that the hological sample was obtained;

determine ong or more changes between the additional sequence information of the
subject and the sequence information; and

determine a progression of the at least one specific cancer in the subject based on the

determined one or more changes.

251 The system of claim 250, wherein the non-transitory computer readable
medium further comprises instructions that, when executed by the processor, cause the
PrOCEssor {0

determine whether to provide an intervention to the subject based on the determined

progression of the at least one specific cancer.

252. The system of claim 250 or 251, wherein the instroctions that cause to
processor to determine one or more changes between the additional seguence information
of the subject and the sequence information further comprises instructions that, when
executed by the processor, cause the processor to determine changes one or more changes

in methylation status across a plurality of genomic sites.

[Ne]
n
[9%)

A gystem comprising:
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a ProCessor;
a data storage comprising sequence information that has been obtained from a bislogical
sample of a subject;
a non-transitory computer readable medin comprising instructions that, when exccuted
by the processor, cause the processor to:
perform an analysis of sequence information of the sabject that has been obtained
from a biological sample of the subject to identify whether the subject is not at
risk of having the health condition: and then if the patient has not been identified
as not at risk:
analyze the sequence information of the subject not identified as not at risk by
performing a second analysis to detect the presence of the health condition in the

subject.

254, A system comprising:
a Processor;
a data storage comprising marker information that has been obtained from a biological
sample of a subject;
a non-transitory computer readable medin comprising instructions that, when execcuted
by the processor, cause the processor to:
perform an analysis of marker information of the subject that has been obtained from
a biological sample of the subject to identify whether the subject is not at risk of
having the health condition; and then if the patient has not been dentified as not at
rigk:
analyze sequence information of the subject not identified as not at nisk by performing

a second analysis to detect the presence of the health condition wn the subject.

253 The syster of claim 254, wheremn the marker information comprises

quantitative levels of protein biomarkers,

2586, A systerm comprising:

4 Processor;

a data storage comprising marker information that has been obtained from a biclogical
saraple of a subject;

a pon-transitory computer readable medivm comprising nstructions that, when executed

by the processor, cause the processor (0!
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{a) perform an analysis of sequence information of nucleic acids in the sample to
determine whether the analysis generates a result correlative with presence or
absence of a human condition, and then if the result is detected: and

{b} analyze the sequence information of the nucleic acids in the sample by performing
a second analvsis to determine if the second analysis generates the signal, wherem
if the signal is detected, then the probability the signal in the sample is authentic &8
higher as compared to a probability that a signal is auwthentic when generated by an

analogous method, where the analogous method differs by omitting step (a).

257. The system of any one of claims 253-256, wherein the method achicves at

least a 20% positive predictive value when detecting the health condition.

258, The system of any one of clatras 253-256, wherein the method achieves at

least a 40% positive predictive value when detecting the health condition.

259, The system of any one of claims 253-256, wherein the method achieves at

least a 60% positive predictive value when detecting the health condition.

260 The system of any one of claims 253-256, wherein the steps performed by the
~

processor achieve at least a 80%, at least a 819%, at lcast a 2%, at least a 83%, at least

a 84%, or at least a 85% positive predictive value when detecting the health condition.

261 The systom of any one of claims 253-260, wherein the health condition isa

discase risk.

262. The system of any one of claims 253-260, wherein the health condition is a

rare disease or disorder,

263, The system of any one of claims 253-260, wherein the health condition has an
mcidence of 1 in 100, §1n 1,000, 1 m 10,000 individuals, T in 100,000 individuals, §
in 1,000,000 individuals, 1 in 10,000,000 individeals, or 1 in 100,000,000 individuals.

264. A system comprising:
4 Processor;
a data storage comprising sequence information derived from a first assay performed on a

samaple obtained from a subject;
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a non-transiory computer readable medium comprising instructions that, when executed

by the processor, cause the processor to:

perform a screen by analyzing the sequence information to classify the subject as at
risk for a health condition or not at risk for a health condition;

responsive to a classification of the subject as at risk for a health condition, obtain
sequence mformation derived from a second assay performed on the sample or an
additional sample obtained from the subject to generate the sequence information
derived from the second assay; and

perform a diagnostic analysis of the sequence mformation denved from the second
assay for the subject to further classify the subject at risk for the health condition

as a candidaie subject for monitoring.

265, A system comprising:
a Processor,
a data storage comprising sequence mformation dertved from a first assay performed on a
sample obtained from a subject;
a non-transitory computer readabie medium comprising instructions that, when executed
by the processor, cause the processor to:
perform a screen by analyzing the sequence information to classify the subject as
at risk for a health condition or not at risk for a health condition,
it the subject is classified as not at risk for the health condition, report that the
subjoct 18 not at nisk for the health condition;
if the subject is classified as at risk for a health condition;
obtain sequence information derived from a second assay performed on the
sample or an additional sample obtained from the subject to generate the
sequence mformation derived from the sccond assay; and
perform a diagnostic analysis of the sequence information derived from the
second assay for the subject to further classify the subject at risk for the

health condition as a candidate subject for monitonng,

266, A system comprising:
4 Processor;
a data storage compnsing sequence information derived from a first assay performed on a

saraple obtained from a subject;
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a non-transiory computer readable medium comprising instructions that, when executed
by the processor, cause the processor to:
for each of one or more subjects in the phuality of subjects:

perform a screen by analyzing the sequence information to classify the subject
as at risk for a health condition or not at risk for a health condition;

responsive to a classification of the subject as at risk for the health condition,
obtain sequence information derived from a second assay performed on the
sample or an additional sample obtained from the subject to generate the
sequence nformation derived from the second assay; and

perform a diagnostic analysis of the sequence information derived from the
second assay for the subject to further classify the subject at risk for the
health condition as a candidate subject for inclusion w the candidate

population.

267. A kit comprising:
a. equipment to draw a sample from a subject;
b. a set of detection reagents that, when combined with the sample, allows detection of
biomarkers in the sample; and
¢. instructions for accessing computer program instructions stored on a computer storage
medium that, when processed by a processor of a computer system, cause the
processor 1o
perform an analvsis of sequence information to wWdentify whether the subject s not at
risk of having one or more carly stage cancers; and then if the patient has not been
identified as not at risk:
analyze sequence information of the subjoct not identified as not at sk derived from
second analvsis to detect the presence of the one or more early stage cancers in the
subject.
268. The kit of claim 267, wherein the one or more of the early stage cancers is
fiftecn or more different cancers.

269. The kit of claim 267 or 268, whercin the one or more of the early stage or
prechinical phase cancers is a set of acute lymphoblastic leukemia, acute myeloid
leukemia, adrenocortical carcinoma, soft tissue sarcoma, lymphoma, anal cancer,

gastromntestinal cancer, brain cancer, skin cancer, bile duct cancer, bladder cancer, bone
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cancer, breast cancer, lung cancer, cardiac cancer, ceutral nervous sysiem cancer, cervical
cancer, chronic lvmphocytic leukenua, chronie myelogenous leukemia, chronic
myeloproliferative neoplasms, colorectal cancer, uterine cancer, esophageal cancer, head
and neck cancer, eye cancer, fallopian tube cancer, galibladder cancer, gastric cancer,
germ cell tumor, gestational trophoblastic cancer, hairy cell leukemia, liver cancer,
Hodgkin fymphoma, intraccular melanoma, pancreatic cancer, kidney cancer, leukemia,
mesothelioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia syndromes,
multiple mveloma neoplasms, myelodysplastic neoplasms, ovarian cancer, parathyroud
cancer, penile cancer, pheochromocytoma, pituitary cancer, plasma cell neoplasm,
primary peritoneal cancer, prostate cancer, rectal cancer, retinoblastoma, sarcoma, small
intestine cancer, testicular cancer, throat cancer, thymoma and thyvouc carcinoma, thyvroid

cancer, wrethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

270 The kit of claim 267, wherein the one or more of the carly stage or preclinical

phase cancer is a single cancer fype.

271, The kit of claim 270, wherein the single cancer type 15 any one of acuie
Iymphoblastic leukenua, acute myelowd leukemia, adrenocortical carcinoma, soft tissue
sarcoma, tymphoma, anal cancer, gastrointestinal cancer, brain cancer, skin cancer, bile
duct cancer, bladder cancer, bone cancer, breast cancer, lung cancer, cardiac cancer,
central nervous system cancer, cervical cancer, chronic lymphocyviic leukemia, chronic
myelogenous leukemia, chronic myeloproliferative neoplasms, colorectal cancer, uterine
cancer, esophageal cancer, head and neck cancer, eve cancer, fallopian tube cancer,
gallbladder cancer, gastric cancer, germ cell tumor, gestational trophoblastic cancer, hairy
cell leukemua, liver cancer, Hodgkin lvmphoma, intraccular melanoma, pancreatic cancer,
kidney cancer, loukemia, mesothclioma, metastatic cancer, mouth cancer, multiple
endocrine neoplasia syndromes, multiple mveloma neoplasms, myelodysplastic
neoplasms, ovarian cancer, parathyroid cancer, penile cancer, pheochromocytoma,
prtuttary cancer, plasma cell neoplasm, primary peritoneal cancer, prostate cancer, rectal
cancer, retinoblastoma, sarcoma, small intestine cancer, testicular cancer, throat cancer,
thymoma and thyric carcmoma, thyroid cancer, urethral cancer, uterine cancer, vaginal

cancer, and vulvar canger.

272. The kit of claim 267, wherein the carly stage cancer is a preclinical phase

Cancer
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273 The kit of claim 272, wherein the preclinical pbase cancer is stage | or stage If
cancer.
274. The kit of any one of claims 267-273, wheren the performance of the analysis

and the analysis of the sequence mformation has more than a 70% ability to detect the at

least one of multiple early stage cancers.

275. The kit of any one of clasms 267-274, wherein the performance of the analysts
and the analysis of the sequence information has more than a 70% ability to detect the at
20/

least one of multiple early stage cancers at more than 95%, more than 96%, more than

97%, more than 98%, more than 99%, more than 99.5%, or more than 99.9% specificity.

276. The kit of any one of clatms 267-275, wherein the performance of the analysis
and the analysis of the sequence mformation achieves at least a 80%, at least a 81%, at
fcast a 82%, at least a #3%, at least a 84%, or at least a 85% positive predictive value

when detecting the at least one of multiple carly stage cancers.

277 The kit of any one of clams 267-276, wherein the performance of the analysis
and the analysis of the sequence information achieves at least a 95%, at least a 96%, at

feast a 97%, at least a 98%, at least a 99%, at least a 99.3%, or at least a 99 4% negative

predictive value when detecting the at least one of multiple carly stage cancers.

278. The kit of any one of claims 267-277, wherein the performance of the analysis

has at lcast a 90%, at least a 95%, or at lcast a 99% negative predictive value.

279. The kit of any one of claims 267278, wherein the analysis of the sequence
mnformation to identify whether the subject has a detectable cancer or precancer has at
fecast a 80%, at least a 81%, at least a 829, at least a 83%, at least a 84%, or at least a 85%

positive predictive valae.

280. The kit of any one of claims 267-279, whereimn the analysis of the sequence
information to identify whether the subject has a detectable cancer or precancer has at
least a 90%, at least a 1%, at least a 92%, at least a 93%, at least a 94%, at least a 95%,

7
Ji

at least a 96%, or at least a 97% negative predictive value.

281, The kit of any one of clatms 267-280, wherein the sequence information

comprises methylation sequence information.
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282 The kit of claim 281, wherein the methylation sequence information comprises

methvlation statases for a plurality of genomic sites.

283. The kit of claum 282, wherein the plurality of genomic sites comprise a

plurality of CpG sites.

284. The kit of any one of claims 267-283, wherein the instructions that cause the
processor to perform an analysis of sequence information of the subject comprises further
comprises mstructions that, when executed by the processor, cause the processor to apply

a tramed machine learning model.

285 The kit of any one of claims 267-284, wherein the scquence mtormation s
obtained from an assay, wherein the assay comprises performing one or more of:

a. sequencing of nucleic acids in the sample;
b. hybrid capture;

. methylation-specific PCR;

o

d. an assay that generates methvlation information; and

¢. sequencing a clone library generated from a template immaortalized library.

286. The kit of claim 283, wherein performing the assay that generates sequence
information comprises:

obtaining bisulfite converied cell free DNA (cfDNA);

selectively amplifying target regions of the bisulfite converted ¢fDNA; and

sequencing amplicons comprising the amplified target regions to gencrate the methylation

information.

287. The kit of claim 286, wherein the target regions of the biselfite converted
c¢fDNA comprise previously identificd regions that are differentially methylated in

cancor.

288. The kit of claim 276, wherein the target regions of the bisulfite converted
ciDNA comprise one or more Cp( islands or portions of one or more Cp( islands shown

in Tables 1-4.

289. The kit of claim 276, wherein the target regions of the bisulfite converted

cfONA comprise at most 10%, at most 20%, at most 30%, at most 40%, at most 50%, at
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maost 55%, at most 6096, at most 65%, at most 70%, at most 73%, at most 80%, at most
85%, or at most 90% of Cp( slands or portions of CpG 1slands shown in anv one of

Tables 1-4.

290. The kit of claim 276, wherein the target regions of the bisulfite converted
cfONA comprise 100, at most 150, at most 200, at most 300, at most 400, at most 500, at
maost 600, at most 700, at most 860, at most 900, at most 1000, at most 1500, at most
2000, at most 2500, at most 3000, at most 3500, or at most 4000 CpG slands or portions

2

of CpG islands selected from Tables 1-4.

o

a1 The kit of any one of claims 267-290, wherein analyzing sequence information
of the subject not identified as not at risk comprises analyzing sequence information
generated from target regions comaprising one or more Cp(G islands or portions of one or

more CpG islands shown n Tables 1-4.

292, The kit of claim 291, wherein the target regions comprise at least 10%, at least
20%, at least 30%, at least 4056, at least 3096, at least 55%, at least 60%, at least 65%, at
least 70%. at least 75%, at least 80%, at least 83%, at least 90%, at least 91%, at least
9295, at least 939%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% of CpG islands or portions of one or more CpG islands shown in any one of

Tables 1-4.

293, The kit of claim 291, wherein the target regions comprise at least 100, at least
150, at least 200, at least 300, at least 400, at least 500, at least 600, at least 700, at least
800, at least 900, at least 1000, at least 1500, at least 2000, at least 2300, at least 3000, at
teast 3500, at least 4000, at least 4500, at least 5000, at least 5500, or at least 6000 CpG

islands or one or more CpG islands selected from Tables 1-4.

294, The kit of any one of claims 267-293, wherein performing the second analysis
3 > p 2 :

comprises analyzing methylation statases of more CpG islands in comparison to a

guantity of CpG slands analyzed when performing the analysis of sequence information

of the subject.

295, The kit of clavw 294, wherein perfouning the second analysis comprises

analyzing methvlation statuses of at least 5 times more CpG islands in comparison io a
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guantity of CpG islands analyzed when performing the analysis of sequence information

of the subject.

296, The kit of claum 294, wherein one or more of the CpG islands analyzed when
performing the analysis of sequence information of the subject represent a subset of the

CpG istands analyzed when performing the second analysis.

297. The kit of claim 296, wherein every Cp(G island analyzed when performing the
analysis of sequence information of the subject 1s further analyzed when performing the

second analysis.

298, The kit of claim 294, wherein performing the second analysis comprises
analvzing methylation statuses of at least 500 CpG islands, and wherein performing the

analysis of sequence information of the subject comprises analyzing methviation statuses

of at feast 160 CpG islands.

299, The kit of any one of claims 267-298, wherein the biological sample is

obtained from the subject while the subject is asvmptomatic.

304, The kit of any one of claims 267-288, wherein the biological sample
comprises any ong of!

a blood sample,

a stool sample,

a urine sample,

a mucous sample,

a saliva sample.

301, The kit of any one of claims 267-300, wherem the biological sample is a blood
sample.
302. The kit of claim 301, wherein the biological sample does not comprise an

invasive biopsy sample.

303. The kit of any one of claims 267-302, wherein the assay performed on the
biclogical sample processes one or more of:
pucleic acids;

cell free DNA including selected CpGs with a selected methylation state; and
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RNA.

304. The kit of any one of claims 267-303, wherein the second analysis comprises

whole genome sequencing, optionally whole genome bisulfite sequencing,

305 The kit of any one of claims 267-304, wherein the non-transitory computer
readable medium further comprises instructions that, when executed by the processor,
cause the processor to determine a tissue of ongin of the at least one specific cancer in

the subject using the sequence information of the subject.

306. The kit of any one of claims 267-3035, wherein the computer program

mstructions further comprise instructions that, when executed by the processor, cause the

PrOCEssor {0

perform an analysis of additional sequence information of the subject that has been
obtained from an additional biological sample of the subject obtained subsequent to a
tunepoint that the biological sample was obtained;

determine one or more changes between the additional sequence information of the
subject and the sequence information; and

determine a progression of the at least one specific cancer in the subject based on the

determined one or more changes.

307. The kit of clavm 306, wherein the computer program nstructions further
comprige instructions that, when executed by the processor, cause the processor 1o
determine whether to provide an intervention to the subject based on the determined

progression of the at least one specific cancer.

308, The kit of claim 306 or 307, wherein the computer program instructions that
cause to processor to determine one or mare changes between the additional sequence
information of the subject and the sequence information further comprise mstractions
that, when exccuted by the processor, cause the processor to determine changes ong or

more changes i methylation status across a plurality of genowuc sites.

309, A kit comprising:
a. equipment to draw a sample from a subject;
b. a set of detection reagents that, when combined with the sample, allows detection of

biomarkers in the sample; and
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c. tnstructions for accessing computer program instructions stored on g computer storage
medium that, when processed by a processor of a computer svstem, cause the
PIocessor o
perform an analysis of sequence information of the subject that has been obtamned
from the sample of the subject to identify whether the subject is not at nisk of
having the health condition; and then if the patient has not been identified as not at
risk:

analyze the sequence information of the subject not identified as not at risk by
performing a second analysis to detect the presence of the health condition in the

subject.

310 A kit comprising:
a. equipment to draw a sample from a subject;
b. a set of detection reagents that, when combined with the sample. allows detection of
biomarkers in the sample; and
¢. instructions for accessing computer program instructions stored on a computer storage
mediwm that, when processed by a processor of a computer system, cause the
Processor o
perform an analysis of marker information of the subject that has been obtained from
a biclogical sample of the subject to identify whether the subiect is not at risk of
having the health condition; and then if the patient has not been identified as not at
risk:
analyze sequence information of the subject not identified as not at risk by performing

a second analysis to detect the presence of the health condition in the sebject.

31t The kit of claim 310, wherein the marker information comprises quanditative

levels of protein biomarkers.

312. A kit comprising:

. equipment to draw a sample from a subject;

&

b. a sct of detection reagents that, when combined with the sample, allows detection of
biomarkers in the sample; and

c. instructions for accessing computer program instractions stored on a computer storage
medium that, when processed by a processor of a computer system, cause the

processor to:
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{a) perform an analysis of sequence information of nucleic acids in the sample to
determine whether the analysis generates a result correlative with presence or
absence of a human condition, and then if the result is detected: and

{b} analyze the sequence information of the nucleic acids in the sample by performing
second analysis to determine 1f the second analysis generates the signal, wherein if
the signal is detected, then the probability the signal in the sample 1 authentic is
higher as compared to a probability that a signal is auwthentic when generated by an

analogous method, where the analogous method differs by omitting step (a).

313. The kit of any one of claims 309-312, wherein the method achieves at least a

20% positive predictive value when detecting the health condition.

314 The kit of any one of claims 309-312, wherein the method achieves at least a

409% posttive predictive value when detecting the health condition.

31s. The kit of any one of claims 309-312, wherein the method achieves at least a

60% positive predictive value when detecting the health condition.

3i6. The kit of any one of claims 309-312, wherein the steps performed by the

processor achieve at least a 80%, at least a 819%, at lcast a 2%, at least a 83%, at least

a 84%. or at least a 85% positive predictive value when detecting the health condition.

317. The kit of any one of claims 309-316, wherein the health condition is a disease
risk.
318, The kit of any one of claims 309-316, wherein the health condition is a rare

disease or disorder.

319 The kit of any one of claims 309-3 16, wherein the health condition has an
mcidence of 1 i 100, 1 n 1,000, 1 m 10,000 individuals, T in 100,000 individuals, §

in 1,000,000 individuals, 1 in 10,000,000 mdividuals, or 1 in 100,000,000 individuals.

320. A kit comprising:
a. equipment to draw a sample from a subject;
b. a set of primers that, when combined with the sample, allows detection of a plarality of

sties 1 cell-free DNA in the sample; and
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c. tnstructions for accessing computer program instructions stored on g computer storage
medium that, when processed by a processor of a computer svstem, cause the
PIocessor o
perform a screen by analyzing the sequence information to classify the subject as at
risk for a health condition or not at risk for a health condition;

responsive to a classification of the subject as at risk for a health condition, obtain
sequence information derived from a second assay performed on the sample or an
additional sample obtained from the subject to generate the sequence information
derived from the second assay; and

perform a diagnostic analvsis of the sequence information derived from the second
assay for the subject to further classify the subject at risk for the health condition a

candidate subject for monttoring.

321 A kit comprising:
a. equipment to draw a sample from a subject;
b. a set of primers that, when combined with the sample, aliows detection of a phirahty of
sites in cell-free BNA in the sample; and
¢. instructions for accessing computer program jnstructions stored on a computer storage
medium that, when processed by a processor of a computer system, cause the
Processor (o
perform a screen by analyzing the scquence information to classify the subject as
at risk for a health condition or not at risk for a health condition;
if the subject is classified as not at risk for a health condition, report that the
subject is not at risk for a health condition;
if the subject is classified as at risk for a health condition:
obtain sequence information derived from a second assay performed on the
sample or an additional sample obtained from the subject to generate the
sequence information derived from the second assay; and
perform a diagnostic analvsis of the sequence mformation derived from the
second assay for the subject to further classify the subject at risk for a

health condition as a candidate subject for monitoring.

322 A kit comprising:

a. equipment to draw a sample from a subject;
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b. a set of primers that, when combined with the sample, allows detection of a plurahity of
sttes in cell-free DNA in the sample; and
¢. instructions for accessing computer program instructions stored on a computer storage
medinm that, when processed by a processor of a computer system, cause the
Processor 1o
for each of one or more subjects in the plarality of subjects:
perform a screen by analyzing the sequence information to classify the subject
as at risk for a health condition or not at risk for a bealth condition;
responsive to a classification of the subject as at nisk for a health condition,
obtain sequence information derived from a second assay performed on the
sample or an additional sample obtained from the subject to generate the
sequence information dertved from the second assay: and
perform a diagnostic analysis of the sequence mformation derived from the
second assay for the subject to further classify the subject at risk fora
health condition as a candidate subject for inclusion in the candidate

population.

323, A tiered, multipart method for detecting circulating tumor DNA in a biological
sample of a subject, the method comprising:
performing a first analysis of nucleic acid sequence mformation that was derived from a
first assay performed on the biological sample to identify whether the biological
sarple 1s not at risk of containing circulating tumor DNA, and then if the biological
sample is not identified as not at risk:
obtaining target nucleie acids and reference nucleic acids from the biological sample
or an additional biological sample obtained from the subject;
performing bisulfite conversion of the target nucleic acids and the reference nucleic
acids;
sclectively amplifyving target regions of the bisulfite converted target nucleic acids
and/or reference nucleic acids
generating a dataset comprising methylation information from the target mucleic acids
and methylation information from the reference nucleic acids;
using a corapuier processor, combining the methylation information from the targe

nucleic acids and the methylation information from the reference nucleie acids to
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generate background-corrected methylation information for the target mucleic
acids; and

performing a second analysis comprising analyzing the backgroand-corrected
methylation iformation to detect the presence of the curculating tumor DNA in

the biological sample.

324 The method of claim 323, wherein the biological sample or the additional

biological sample 1s a blood sample.

328, The method of claim 323, wheremn obtaining target nucleic acids and reference
nucleic acids comprises fractionating the biological sample or the additional sample,
wherein the target mucleic acids are obtained from a first fraction of the biological sample
or the additional biological sample, and wherein the reference nucleic acids are obtained

from a second fraction of the biclogical sample or the additional biological sample.

326. The method of claim 323, wherein the target nucleic acids comprise cell free
DNA {cfDNA), and wherein the reference nucleic acids comprise genomic DNA from

cells of the subject.

327. The method of claim 326, wherein the cells of the subject comprise peripheral

blood mononuclear cells (PBMCs) or polymorphonuclear cells.

328. The method of claim 323, wherein combining the methylation information

from the target nucleic acids and the methylation information from the reference nucleic

acids comprises:

aligning the methylation information from the target nucleic acids and the methylation
mformation from the reference nucleic acids; and

deternuning a difference between the methvlation information from the target nuclewc

acids and the methylation mformation from the reference nucleic acids.

329 The method of claim 323, wherein the methylation information of the target

nucleic acids and the methylation wnformation of the reference nucleic acids both

comprise methylation statises for a plurality of genomic sites.

330. The method of claim 329, wherein the plurality of genomic sites comprise a

plurality of CpG sites shown 1n any of Tables 1-4.
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331 Atcred. multipart method for detecting circulating turnor DNA in 3 biological
sample of a subject, the method comprising:
performing a first analysis of nucleic acid sequence information that was derived from a
first assay performed on the biological sample to identify whether the biological
sample is not at nisk of containing circulating tumor DNA | and then if the biclogical
sample is not identified as not at risk:
obtaining target nucleic acids and reference mucleic acids from the biological sample
or an additional biological sample obtained from the subject;
processing the target mucleic acids and reference nucleic acids to generate a dataset
comprising methyviation information from the target nucleic acids and methylation
information from the reference nucleic acids, wherein processing the target
nucleic acids and reference nucleic acids to gencrate the dataset comprises
performing a second assay, wherein the second assay comprises one or mose of!
a. sequencing of target nucleic acids and/or reference nucleic acids via
targeted sequencing, whole genome sequencing, or whole genome bisulfite
sequencing;
b. a nucleic acid amplification assay; and
. an assay that generates methylation information;
using a computer processor, combimng the methylation information from the target
nucleie acids and the methylation information from the reference nucleic acids to
generate background-corrected methylation information for the target nucleic
acids; and
performing a second analysis comprising analyzing the background-corrected
methylation information to detect the presence of the circulating tumor DNA in

the biological sample.

332 The method of claim 331, wherein the biological sample or the additional

biological sample is a blood sample.

333. The method of claim 331, wherein obtaining target nucleic acids and reference
nucleic acids comprises fractionating the biological sample or the additional sample,
wherein the target nucleic acids are obtained from a first fraction of the biological sample
or the additional biological sample, and wherein the reference nucleic acids are obtained

from: a second fraction of the biological sample or the additional biological sample.
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334 The method of claim 331, wherein the target nucleic acids comprise cell free
DNA (cfDNA), and wherein the reference nucleic acids comprise genomic DNA from

cells of the subject.

33s. The method of claim 334, wherein the cells of the subject comprise peripheral

blood mononuclear cells (PBMCs) or polymorphonuclear cells.

336. The method of claim 331, wherein combining the methvlation information

from the target nucleic acids and the methylation information from the reference nucleic

acids comprises:

aligmng the methylation information from the target nacleic acids and the methylation
information from the reference nucleic acids; and

determining a difference between the methylation information from the target nucleic

acids and the methylation information from the reference nucleic acids.

337. The method of claim 331, wherein the methylation information of the target
nucleie acids and the methylation imformation of the reference nucleic acids both

comprise methvlation statuses for a plurality of genomic sites.

338. The method of claim 337, wherein the phurality of genomie sites comprise 3

plurality of CpG sites shown in any of Tables 1-4.

339, A tered, multipart method for detecting circulating tumor DNA in a biological
sample of a subject, the method coraprising:
performing a first analysis of nucleic acid sequence mformation that was dernived from a
first assay performed on the biological sample o identify whether the biological
sample is not at risk of containing circulating tumor DNA | and then if the biological
sample is not identitied as not at risk:
obtaining target nucleic acids and reference nucleic acids from the biological sample
or an additional biological sample obtained from the subject;
processing the target mucleie acids and reference nucleic acids to gencrate a dataset
comprising methylation mformation from the target nucleie acids and methylation
information from the reference nucleic acids;
using a computer processor, combining the methviation information from the target

nucleic acids and the methylation information from the reference nucleic acids to
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generate background-corrected methylation information for the target mucleic
acids; and

performing a second analysis comprising analyzing the backgroand-corrected
methylation iformation to detect the presence of the curculating tumor DNA in

the biological sample.

340, The method of claim 339, wherein the biological sample or the additional

biological sample 1s a blood sample.

341 The method of claim 339, wheremn obtaining target nucleic acids and reference
nucleic acids comprises fractionating the biological sample or the additional sample,
wherein the target mucleic acids are obtained from a first fraction of the biological sample
or the additional biological sample, and wherein the reference nucleic acids are obtained

from a second fraction of the biclogical sample or the additional biological sample.

342 The method of claim 339, wherein the target nucleic acids comprise cell free
DNA {cfDNA), and wherein the reference nucleic acids comprise genomic DNA from

cells of the subject.

~

343 The method of claim 342, wherein the cells of the subject comprise peripheral

blood mononuclear cells (PBMCs) or polymorphonuclear cells.

344, The method of claim 339, wherein combining the methylation information

from the target nucleic acids and the methylation information from the reference nucleic

acids comprises:

aligning the methylation information from the target nucleic acids and the methylation
mformation from the reference nucleic acids; and

deternuning a difference between the methvlation information from the target nuclewc

acids and the methyvlation mformation from the reference nucleic acids.

345 The method of claim 339, wherein the methylation information of the target
nucleic acids and the methylation wnformation of the reference nucleic acids both

comprise methylation statises for a plurality of genomic sites.

346. The method of claim 345, wherein the plurality of genomic sites comprise a

plurality of CpG sites shown 1n any of Tables 1-4.
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347 The method of claim 339, wherein processing the target nucleic acids and
reference nucleic acids to generate the dataset further comprises performing a target

enrichment assay.

348. The method of claim 347, wherein the target enrichment assay comprises

hybnd captore.

349 A method of selecting informative biomarkers for inclusion in a first tier of a

tiered, multipart method for detecting circulating tumor DNA 18 a biclogical sample of a

subject, the method comprising:

obtaining a starting set of biomarkers;

determining signals of biomarkers of the starting set across a first phurality of samples and
a second plurality of samples;

performing rank ordering of biomarkers of the starting set using the detemmuned signals;
and

selecting a top X biomarkers as informative biomarkers for inclusion in a furst tier of a

tiered, multipart method.

350 The method of claim 349, wherein the biomarkers of the starting set comprise

one or more of CpG sites, a set of CGls, genes, protems. nucleic acids, and metabolites.

351 The method of claim 350, wherein the biomarkers of the starting set comprise

cach of CpG sites, a set of CGls, genes, proteins. nucleic acids, and metabolites.

352. The method of claim 349, wherein the first plurality of samples comprise

healthy samples or samples absent a health condition.

353. The method of claim 352, wherein the healthy sample comprises healthy

nomnal tissue or a non-cancer cell free DNA sample.

354, The method of claim 349, wherein the second plarality of samples comprise

sarmples with a health condition.

355. The method of claim 354, wherein the samples with a health condition
comprise cancer biopsy samaples or cell free DNA samples obtained from paticnts with

cancer.
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356. The method of claim 354, wherein the samples with a health condition

comprise samples of different cancers.

357. The method of claim 349, wherein performing rank ordering of biomarkers of
the starting set using the determined signals comprises rank ordering a biomarker based
on a difference between signals of the biomarker of the first plurality of samples and the

sccond plurality of samples.

358. The method of claim 349, wherein performung rank orderning of biomarkers of
the starting set using the determined signals comprises rank ordering a biomarker
according its significance in distinguishing between the first plurality of samples and the
second plurality of samples.

359. The method of claim 349, wherein performing rank ordenng of biomarkers of
the starting set using the determined signals comprises rank ordering a biomarker by
determining an importance value of the biomarker by mmplementing a cancer prediction

algorithm.

360 The method of claim 349, wherein the top X biomarkers comprise between 10

and 200 biomarkers.
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