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1
METHODS FOR USING MOSAICISM IN
NUCLEIC ACIDS SAMPLED DISTAL TO
THEIR ORIGIN

CROSS-REFERENCE

This application is a divisional application of U.S. patent
application Ser. No. 16/132,123, filed Sep. 14, 2018, which
is a continuation of U.S. patent application Ser. No. 14/929,
075, filed Oct. 30, 2015 (now U.S. Pat. No. 10,125,399),
which claims priority to U.S. Provisional Patent Application
No. 62/072,936, filed Oct. 30, 2014, each of which is
entirely incorporated herein by reference.

BACKGROUND

Many diseases may occur in locations of the body which
are difficult to access without surgery or similarly invasive
procedures. Thus it can be difficult to detect these diseases
early, when a medical response may be most effective, and
it can be difficult to monitor the progression of disease after
it has been detected, especially if it requires screens which
are expensive and/or invasive. In an attempt to respond to
this challenge, many diagnostic tests in routine clinical use
sample bodily fluids such as blood and urine which are
easier to access, and analyze them for constituents reflective
of the health status of the individual. In particular, the fluids
may contain molecular or biological constituents which can
be derived from multiple bodily locations (see, for example,
Yahya et al., “The Clinical Utilization of Circulating Cell-
Free DNA (CCFDNA) in Blood of Cancer Patients”, Inter-
national Journal of Molecular Sciences, 2013; Leary et al.,
“Detection of Chromosomal Alterations in the Circulation of
Cancer Patients with Whole-Genome Sequencing”, Science
Translational Medicine, 2012; each of which is entirely
incorporated herein by reference). However, when nucleic
acids are detected in the body, distal from their source, there
is no general method to know what the source tissue was.
Thus if the quantity or other characteristic of the nucleic
acids is indicative of disease, a physician may not know
where the disease is located. In addition, because nucleic
acids may have combined from many sources in the body,
the sensitivity to detect a nucleic acid signal from any one
part of the body may be limited by the presence of other
nucleic acid signals from other parts of the body.

SUMMARY

The present disclosure provides methods for generating a
mutation map for a subject and using the mutation map to
determine the source of a given nucleic acid sequence or
portion thereof in the subject. This may be used to deter-
mine, for example, the source of a disease in the subject,
such as cancer. The source of the nucleic acid sequence or
portion thereof may be determined by comparing the
sequence to the mutation map. Examples of mutations maps
include a spatial mutation map and a developmental muta-
tion map.

Methods of the present disclosure can be used to detect
and monitor a disease in a subject. For example, when
nucleic acid molecules (also “nucleic acids” herein) are
sampled distal from their sources in the body of a subject,
the “nucleic acid signals” from many sources can be com-
bined. Provided herein are methods to discriminate between
these combined signals, so that they can be detected con-
currently without mutual interference and without loss of
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information with respect to the source(s). This improves
sensitivity and provides spatial localization of the source of
each signal within the body.

An aspect provides a method for detecting differential
mutations in a blood sample of a subject, comprising: a)
separating the blood sample into at least a first component
that includes cell-free or surface-bound nucleic acid mol-
ecules and a second component that includes leukocytes; b)
extracting nucleic acid molecules from the first and second
components; ¢) independently sequencing extracted nucleic
molecules from the first and second components; and d)
comparing with a programmed computer processor nucleic
acid sequences of nucleic acid molecules of the first and
second components to identify differential mutations.

In some embodiments, the method further comprises (e)
identifying a source of the cell-free or surface-bound nucleic
acid molecules based on the differential mutations. In some
embodiments, the method further comprises providing a
report. In some embodiments, the method further comprises
providing a therapeutic intervention based on an identifica-
tion of the source. In some embodiments, the report is
provided on an electronic display having a user interface. In
some embodiments, the source is identified as a tissue or
group of tissues of the subject. In some embodiments, the
method further comprises comparing the differential muta-
tion(s) to a mutation map of the subject to identify the
source. In some embodiments, the mutation map is a devel-
opmental mutation map. In some embodiments, the muta-
tion map is a spatial mutation map. In some embodiments,
the nucleic acid sequences of the extracted nucleic mol-
ecules from the first and second components are stored in
computer memory.

In some embodiments, the method comprises identifying
variants in nucleic acid molecules of the first component
with respect to nucleic acid molecules of the second com-
ponent. In some embodiments, the nucleic acid molecules of
the second component are extracted by disrupting the leu-
kocytes. In some embodiments, the nucleic acid molecules
comprise deoxyribonucleic acid (DNA). In some embodi-
ments, the cell-free or surface-bound nucleic acid molecules
are cell-free DNA. In some embodiments, the cell-free or
surface-bound nucleic acid molecules are surface-bound
DNA. In some embodiments, the nucleic acid molecules
comprise ribonucleic acid (RNA). In some embodiments,
the nucleic molecules extracted from the first and second
components are sequenced in a combined pool.

Another aspect provides a method for generating a muta-
tion map of a subject that relates a mutation to a source of
the mutation, comprising: a) obtaining nucleic acid samples
from different tissues of the subject; b) sequencing nucleic
molecules in the nucleic acid samples; ¢) identifying with a
programmed computer processor differential mutations in
nucleic acid sequences of nucleic acid molecules sequenced
in (b); and d) generating in computer memory a relationship
between the differential mutations and the different tissues to
provide the mutation map of the subject.

In some embodiments, the mutation map is a develop-
mental mutation map. In some embodiments, (d) of the
method comprises (i) assigning the differential mutations on
a developmental tree and (ii) generating the developmental
mutation map from the developmental tree. In some embodi-
ments, the developmental mutation map is generated using
a hierarchical tree clustering algorithm.

In some embodiments, the mutation map is a spatial
mutation map. In some embodiments, (d) of the method
comprises (i) assigning the differential mutations on a spatial
tree and (ii) generating the spatial mutation map from the
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body spatial map. In some embodiments, the spatial muta-
tion map is generated using a hierarchical tree clustering
algorithm.

In some embodiments, the method further comprises
providing a report with the mutation map (e.g., develop-
mental mutation map and/or spatial mutation map). In some
embodiments, the report is provided on an electronic display
having a user interface. In some embodiments, the nucleic
acid sequences of the nucleic acid molecules sequenced in

4

In some embodiments, the method further comprises
providing a report with the tissue identified in (d). In some
embodiments, the report is provided on an electronic display
having a user interface. In some embodiments, (c) of the
method comprises identifying variants in the nucleic acid
sequences. In some embodiments, the blood sample is a
whole blood sample. In some embodiments, the nucleic acid
molecules comprise deoxyribonucleic acid (DNA). In some
embodiments, the nucleic acid molecules comprise ribo-

: : 10 nucleic acid (RNA). In some embodiments, the nucleic acid
(c) are stored in computer memory. In some embodiments, . . .
in the method comprises identifying variants in the molecqle is a cell-freq nuglelc acid molecule. In some
© - t . P & embodiments, the nucleic acid molecule is a surface-bound
nucleic acid sequences. In some embodiments, the blood . .
. . nucleic acid molecule.
sampl.e 1sa whole blood sample..ln some embodlmepts, the In some embodiments, the method further comprises
nucleic acid molecules. comprise deoxyrlbopuclelc acid determining a state of health of the tissue. In some embodi-
(DNA?. In some err.lbod{ments, the nucleic acid mollecules ments, the state is determined by comparing a quantity of the
comprise ribonucleic acid (RNA). In some embodiments, nucleic acid molecule against a reference to identify a
the nucleic molecules extracted from the biological samples relative abundance of the nucleic acid molecule. In some
are sequenced in a combined pool. In some embodiments, embodiments, the reference is a reference quantity. In some
the nucleic acid samples are obtained from a blood sample 20 embodiments, the state is determined by aligning the nucleic
of the subject. acid sequence or portion thereof to a genome of the subject
In some embodiments, the sequencing comprises whole to identify a location of the nucleic acid sequence or portion
genome sequencing. In some embodiments, the sequencing thereof, which location is indicative of the state. In some
comprises targeted genome sequencing. In some embodi- embodiments, the state is determined by comparing a
ments, the sequencing comprises untargeted genome 25 nucleic acid sequence or portion thereof to a reference to
sequencing. In some embodiments, the untargeted genome determine an apoptotic pattern, necrotic pattern, or prede-
sequencing comprises whole genome sequencing. In some termined mutations. In some embodiments, the reference is
embodiments, the targeted sequencing includes at least one a genome of the subject. In some embodiments, the method
mutational hotspot. In some embodiments, the sequencing further comprises providing a report and/or a therapeutic
comprises redundant sequencing. The redundant sequencing 30 intervention based on a determination of the state of health.
can be duplex sequencing, Safe-SeqS or circular sequencing. In some embodiments, the sequencing comprises whole
In some embodiments, the nucleic acid samples are genome sequencing. In some embodiments, the sequencing
obtained from at least one tissue with increased apoptosis. In comprises targeted genome sequencing. In some embodi-
some embodiments, the method further comprises inducing ments, the sequencing comprises untargeted genome
the increased apoptosis by one or more conditions selected 35 sequencing. In some embodiments, the untargeted genome
from the group consisting of physical stress, targeted drugs, sequencing comprises whole genome sequencing. In some
radiation and heat. In some embodiments, at least a subset of embodiments, the targeted sequencing includes at least one
the nucleic acid samples are obtained from a blood sample, mutational hotspot. In some embodiments, the sequencing
saliva sample, buccal swab, urine sample, semen sample, comprises redundant sequencing. The redundant sequencing
spinal fluid sample, skin shave biopsy, colon needle biopsy, 40 can be duplex sequencing, Safe-SeqsS or circular sequencing.
nasal mucosal biopsy, testicular needle biopsy, endometrial In some embodiments, the sequencing is with the aid of one
biopsy, nerve biopsy by root canal, gastric endoscopic or more primers selected for the one or more mutations. In
biopsy, metastatic tumor or breast milk of the subject. In some embodiments, the mutation map is a developmental
some embodiments, (a) of the method comprises obtaining mutation map. In some embodiments, the mutation map is a
a nucleic acid sample from blood drawn at a first location of 45 spatial mutation map.
the subject having relatively high concentrations of cell-free In another aspect, a method is provided for identifying a
nucleic acid molecules from a given tissue and a second tissue of origin of a tumor metastasis in a subject. The
location having low concentrations of cell-free nucleic acid method comprises: a) sequencing at least one nucleic acid
molecules from the given tissue. In some embodiments, the molecule from a tumor metastasis of the subject to generate
method further comprises identifying mutations specific to 50 a nucleic acid sequence of the at least one nucleic acid
the given tissue through differential analysis of nucleic acid molecule; b) identifying one or more mutations in the
sequences generated at the first location and second location. nucleic acid sequence; and c¢) using a mutation map of the
In some embodiments, the different tissues are non-cancer- subject in computer memory, identifying with a pro-
ous tissues. In some embodiments, at least a subset of the grammed computer processor a tissue of the subject asso-
nucleic acid samples is obtained from a blood sample of the 55 ciated with the nucleic acid molecule based on the one or
subject. more mutations identified in (b), thereby identifying the
Another aspect provides a method for monitoring state(s) tissue of origin. In some embodiments, the method may
of health of one or more tissues of a subject, comprising: a) further comprise treating the subject. In some embodiments,
at least one nucleic acid molecule from a blood sample of the the treating may comprise administering an anti-cancer
subject; b) sequencing the nucleic acid molecule to generate 60 agent to the subject that is selected based on the tissue of
a nucleic acid sequence of the nucleic acid molecule; c) origin. In some embodiments, the mutation map may be a
identifying one or more mutations in the nucleic acid developmental mutation map. In some embodiments, the
sequence; and d) using a mutation map of the subject in mutation map may be a spatial mutation map. In some
computer memory, identifying with a programmed computer embodiments, the at least one nucleic acid molecule may
processor a tissue of the subject associated with the nucleic 65 include deoxyribonucleic acid (DNA). In some embodi-

acid molecule based on the one or more mutations identified
in (c).

ments, the at least one nucleic acid molecule may comprise
ribonucleic acid (RNA).
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Another aspect of the present disclosure provides a non-
transitory computer-readable medium comprising machine-
executable code that, upon execution by one or more com-
puter processors, implements any of the methods above or
elsewhere herein.

Another aspect of the present disclosure provides a com-
puter system comprising one or more computer processors
and a non-transitory computer-readable medium coupled
thereto. The non-transitory computer-readable medium
comprises machine-executable code that, upon execution by
the one or more computer processors, implements any of the
methods above or elsewhere herein.

Additional aspects and advantages of the present disclo-
sure will become readily apparent to those skilled in this art
from the following detailed description, wherein only illus-
trative embodiments of the present disclosure are shown and
described. As will be realized, the present disclosure is
capable of other and different embodiments, and its several
details are capable of modifications in various obvious
respects, all without departing from the disclosure. Accord-
ingly, the drawings and description are to be regarded as
illustrative in nature, and not as restrictive.

INCORPORATION BY REFERENCE

All publications, patents, and patent applications men-
tioned in this specification are herein incorporated by ref-
erence to the same extent as if each individual publication,
patent, or patent application was specifically and individu-
ally indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth with
particularity in the appended claims. A better understanding
of the features and advantages of the present invention will
be obtained by reference to the following detailed descrip-
tion that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompany-
ing drawings (also “FIG.” and “FIGS.” herein), of which:

FIG. 1 shows an exemplary developmental tree;

FIG. 2 shows a diagram of binary tree of cell division
starting with the zygote, but with a mutation that only affects
one germ layer (in this case the mesoderm);

FIG. 3 shows a flowchart of the method for generating a
mutation map of a subject;

FIG. 4 shows a flowchart of the method for monitoring
state(s) of health of one or more tissues of a subject;

FIG. 5 shows a flowchart of the method for detecting
differential mutations in a blood sample of a subject; and

FIG. 6 shows a computer control system that is pro-
grammed or otherwise configured to implement any of the
methods provided herein.

DETAILED DESCRIPTION

While various embodiments of the invention have been
shown and described herein, it will be obvious to those
skilled in the art that such embodiments are provided by way
of example only, Numerous variations, changes, and substi-
tutions may occur to those skilled in the art without depart-
ing from the invention. It should be understood that various
alternatives to the embodiments of the invention described
herein may be employed.

The term “subject,” as used herein, generally refers to an
individual having at least one biological sample that is
undergoing analysis. The subject can be undergoing analysis
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to diagnose, predict or monitor a health, health condition, or
well-being of the subject, such as, for example, identify or
monitor a disease condition (e.g., cancer) in the subject. The
subject can have a sample that is undergoing analysis by a
researcher or a service provider, such as a healthcare pro-
fessional or other individual or entity that employs methods
of the present disclosure to analyze the sample.

The term “nucleic acid” as used herein generally refers to
a polymeric form of nucleotides of any length. Nucleic acids
can include ribonucleotides, deoxyribonucleotides or pep-
tide nucleic acids (PNAs), that comprise purine and pyrimi-
dine bases, or other natural, chemically or biochemically
modified, non-natural, or derivatized nucleotide bases. A
nucleic acid can be single or double stranded. The backbone
of the polynucleotide can comprise sugars and phosphate
groups, as may typically be found in deoxyribonucleic acid
(DNA) or ribonucleic acid (RNA), or modified or substi-
tuted sugar or phosphate groups. A polynucleotide may
comprise modified nucleotides, such as methylated nucleo-
tides and nucleotide analogs. The sequence of nucleotides
may be interrupted by non-nucleotide components. Thus the
terms nucleoside, nucleotide, deoxynucleoside and deoxy-
nucleotide generally include analogs such as those described
herein. These analogs are those molecules having some
structural features in common with a naturally occurring
nucleoside or nucleotide such that when incorporated into a
nucleic acid or oligonucleotide sequence, they allow hybrid-
ization with a naturally occurring nucleic acid sequence in
solution. Typically, these analogs are derived from naturally
occurring nucleosides and nucleotides by replacing and/or
modifying the base, the ribose, or the phosphodiester moiety.
The changes can be tailor made to stabilize or destabilize
hybrid formation or enhance the specificity of hybridization
with a complementary nucleic acid sequence as desired. The
nucleic acid molecule may be a DNA molecule. The nucleic
acid molecule may be an RNA molecule. The nucleic acid
molecule may be a synthetic molecule.

The term “mutation map,” as used herein, generally refers
to a representation that relates a mutation to a source (e.g.,
tissue) in the subject. For example, a mutation can be related
to a source in a developmental tree, and thus the mutation
map is a developmental mutation map. In some cases, the
developmental mutation map can be a cell lineage map. As
another example, a mutation can be related to a body spatial
map, and thus the mutation map is a spatial mutation map.

The terms “variant or derivative of a nucleic acid mol-
ecule” and “derivative or variant of a nucleic acid mol-
ecule,” as used herein, generally refer to a nucleic acid
molecule comprising a polymorphism. The terms “variant or
derivative of a nucleic acid molecule” or “derivative or
variant of a nucleic acid molecule” may also refer to a
nucleic acid product that is produced from one or more
assays conducted on the nucleic acid molecule. For example,
a fragmented nucleic acid molecule, hybridized nucleic acid
molecule (e.g., capture probe hybridized nucleic acid mol-
ecule, bead bound nucleic acid molecule), amplified nucleic
acid molecule, isolated nucleic acid molecule, eluted nucleic
acid molecule, and enriched nucleic acid molecule are
variants or derivatives of the nucleic acid molecule.

The terms “detectable label” or “label,” as used herein,
generally refer to any chemical moiety attached to a nucleo-
tide, nucleotide polymer, or nucleic acid binding factor,
wherein the attachment may be covalent or non-covalent.
The label can be detectable and render the nucleotide or
nucleotide polymer detectable to a user or a system operated
by the user. The terms “detectable label” or “label” may be
used interchangeably. Detectable labels that may be used in
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combination with the methods disclosed herein include, for
example, a fluorescent label, a chemiluminescent label, a
quencher, a radioactive label, biotin, quantum dot, gold, or
a combination thereof. Detectable labels include lumines-
cent molecules, fluorochromes, fluorescent quenching
agents, colored molecules, radioisotopes or scintillants.
Detectable labels also include any useful linker molecule
(such as biotin, avidin, streptavidin, HRP, protein A, protein
G, antibodies or fragments thereof, Grb2, polyhistidine,

8

surface. In some cases, “cell-bound” may be used inter-
changeably and may refer to a molecule that is bound,
specifically or non-specifically, to the surface of a cell. In
some cases, what is bound to the surface of the cell is a
nucleic acid molecule. The surface of a cell may be “sticky”
and may non-specifically bind nucleic acid molecules. In
some cases, the cell in which the nucleic acid molecule is
bound is also the cell in which the nucleic acid molecule was
produced. In other cases, the cell in which the nucleic acid

Ni’*+, FLAG tags, myc tags), heavy metals, enzymes (ex- 10 molecule is bound is not the cell in which the nucleic acid
amples include alkaline phosphatase, peroxidase and lucifer- molecule was produced. “Surface-bound” or “cell-bound”
ase), electron donors/acceptors, acridinium esters, dyes and nucleic acids can be isolated from the surface of which they
calorimetric substrates. It is also envisioned that a change in are bound, “Cell-bound” nucleic acids can be bound to
mass may be considered a detectable label, as is the case of essentially any cell. In particular, cell-bound nucleic acids
surface plasmon resonance detection. 15 can be bound to blood cells (erythrocytes, leukocytes),
The terms “bound”, “hybridized”, “conjugated”, circulating fetal cells, circulating endothelial cells, circulat-
“attached”, and “linked” can be used interchangeably and ing tumor cells, and the like.
generally refer to the association of an object to another Genetic Mosaicism and Mutation Maps
object. The association of the two objects to each other may This present disclosure provides the methods for moni-
be from a covalent or non-covalent interaction. For example, 20 toring, diagnosing, and/or detecting diseases in a subject,
a capture probe hybridized nucleic acid molecule refers to a such as a human subject, by detecting genetic variations in
capture probe associated with a nucleic acid molecule. The the subject. In some cases, the genetic variations may
capture probe and the nucleic acid molecule are in contact include many types of genetic variation, such as aneuploidy
with each other. In another example, a bead bound nucleic (e.g. full or partial trisomy), uniparental disomy at the level
acid molecule refers to a bead associated with a nucleic acid 25 of entire or parts of chromosomes, chromosomal abnormali-
molecule. ties (e.g., ring chromosomes), structural variation (e.g., large
The terms “target-specific”, “targeted,” and “specific” can deletions, duplications, translocations, inversions, etc.),
be used interchangeably and generally refer to a subset of the small insertions and deletions (e.g., inDels), and single and
genome that is a region of interest, or a subset of the genome multiple nucleotide polymorphisms (SNP and MNP).
that comprises specific genes or genomic regions. For 30  This disclosure also provides the methods for detecting
example, the specific genomic regions can be a region that genetic mosaicism. In some cases, a subject may be diag-
is guanine and cytosine (GC) rich. Targeted sequencing nosed with a disease if one or more mosaic variants are
methods can allow one to selectively capture genomic detected (see, for example, Biesecker et al., “A genomic
regions of interest from a nucleic acid sample prior to view of mosaicism and human disease”, Nature Reviews
sequencing. Targeted sequencing involves alternate methods 35 Genetics, 2013; which is entirely incorporated herein by
of sample preparation that produce libraries that represent a reference). For example, the technologies used for detecting
desired subset of the genome or to enrich the desired subset genetic mosaicism may include karyotyping, fluorescent
of the genome. The terms “untargeted sequencing” or “non- in-situ hybridization (FISH), chromosome painting, Sanger
targeted sequencing” can be used interchangeably and gen- sequencing, array comparative genomic hybridization
erally refer to a sequencing method that does not target or 40 (aCGH), SNP arrays, next generation DNA sequencing and
enrich a region of interest in a nucleic acid sample. The redundant sequencing (e.g., Duplex sequencing, Safe-SeqsS,
terms “untargeted sequence”, “non-targeted sequence,” or Circle sequencing).
“non-specific sequence” generally refer to the nucleic acid The methods may comprise constructing a mutation map
sequences that are not in a region of interest or to sequence unique for each individual. In some cases, constructing the
data that is generated by a sequencing method that does not 45 mutation map comprise mapping the genetic variations (e.g.
target or enrich a region of interest in a nucleic acid sample. mutations) to one or more organs and/or tissues. The muta-
The terms “untargeted sequence”, “non-targeted sequence” tion map may relate a mutation to a tissue and/or an organ
or “non-specific sequence” can also refer to sequence that is in the subject. The mutation map can be a spatial mutation
outside of a region of interest. In some cases, sequencing map, a developmental mutation map, or a valiant or com-
data that is generated by a targeted sequencing method can 50 bination thereof.
comprise not only targeted sequences but also untargeted In some cases, the methods disclosed herein may include
sequences. generating a developmental mutation map. The develop-
The term “cell-free,” as used herein, generally refers to a mental mutation map may be specific for an individual
material that is present in an environment external to a cell. subject. The developmental mutation map may be generated
Such environment can include blood, plasma, serum, urine, 55 by sampling various tissues of a subject, identifying differ-
saliva, mucosal excretions, semen, sputum, stool and tears. ential mutations that occur within those various tissues, and
For example, a cell-free nucleic acid molecule (e.g., a DNA mapping the identified mutations onto a developmental tree.
or RNA molecule) can be a nucleic acid molecule that is As shown in the developmental tree of FIG. 1, each cell in
circulating freely in a blood stream of a subject. Examples the adult human body is derived from the original zygote by
of cell-free nucleic acid molecules include cell-free DNA 60 a series of cell divisions. Like a tree diagram, the develop-
(cfDNA) and cell-free RNA (cfRNA), which can include ment of an embryo starts with the zygote as the trunk, and
single or double stranded DNA and RNA, respectively. then advances from branch point to branch point. Along the
Cell-free nucleic acids can be found in, without limitation, path each cell becomes increasingly differentiated in mul-
blood, serum, cerebrospinal fluid (CSF), breast milk, urine, tiple stages. Early on, cells separate off from the main cell
semen, and saliva. 65 mass to become the germ line and the extra-embryonic

The term “surface-bound” generally refers to a molecule
that is bound, either specifically or non-specifically, to a

tissues (e.g. the placenta). Later, after expansion to about
200 cells, an event called gastrulation divides the cell mass
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into three germ layers: Ectoderm (101), Endoderm (1.02)
and Mesoderm (1.03). As the process continues, further
differentiation and branching occurs. For example, the Ecto-
derm is the source for the neurons of the brain (111), the
epidermal cells of the skin, and the pigment cells (melano-
cytes), among others.

When a post-zygotic mutation occurs, it is inherited by all
of the cells “downstream” along the developmental tree.
Depending on how far along that is, the affected downstream

10

the nucleic acid can be identified. In this example, the
nucleic acid may be screened for one or more mosaic
variants. The one or more mosaic variants may be referenced
to the developmental mutation map such that the source of
the mutation can be identified. It will be appreciated that,
depending on when during developmental the mutation
occurred, the utility of the developmental mutation map in
identifying the originating tissue will vary. A mutation that
occurred early in development may exist in multiple tissue

tissues may be localized, both spatially and in terms of cell 10 types, whereas a mutation that occurred later in development
type. On the other hand, a mutation which is post-zygotic, may only exist in one tissue type. For example, a develop-
but prior to gastrulation, can have downstream progeny in all mental mutation map may identify the originating tissue as
three germ layers and ultimately in all tissues of the body. endoderm if the developmental mutation occurred shortly
They may be present there in equal fractions, or in very after gastrulation. In this scenario, the exact tissue of origin
different fractions, depending on how many variant cells 15 may be unknown, but the number of possible sources may
progressed down each branch of the developmental tree. In be limited (e.g., endodermal tissue), In another example, a
another example, when a mutation occurs in a cell post- developmental mutation that occurred later in development
gastrulation (i.e., after formation of the three germ layers), (i.e., after tissue differentiation), may restrict the tissue of
this mutation may exist in all of the downstream cells, but origin to one or two tissues (e.g., the developmental muta-
may be restricted to the germ layer of the cell from which the 20 tion occurred in the primitive gut tube suggests the tumor of
mutation originated. For example, FIG. 2 depicts the devel- origin is pancreas, liver or allantois).
opment of a zygote 200 from a single cell to multiple Alternatively, the methods described herein can be used to
progeny cells. A mutation that occurs in a cell post-gastru- generate a spatial mutation map, A spatial mutation map can
lation 210 will be present in all of the downstream cells 220, be generated by mapping a mutation onto a spatial map. In
230, 240. As the originating cell is a mesoderm cell, the 25 some cases, the spatial mutation map may be generated by
mutation will only occur in cells derived from the mesoderm sampling various tissues of a subject, identifying differential
(e.g., heart, muscle) and will not occur in cells derived from mutations in the various tissues, and mapping the mutations
the ectoderm or the endoderm. to a spatial map. In this scenario, mutations may be identi-
The methods disclosed herein may comprise taking one or fied that are restricted spatially (e.g., a mutation that is found
more samples from one or more organs developed from one 30 in cells on the left side of the body but not on the right side
of the three germ layers. The methods disclosed herein may of the body). The spatial mutation map may be utilized as a
comprise monitoring tissues of one or more organs devel- reference to spatially localize mosaic variants identified
oped from one of the three germ layers. The methods through distal sampling of a subject. In a similar manner as
disclosed herein may comprise predicting the origin of distal described above for the developmental mutation map, one or
nucleic acids from one or more organs developed from one 35 more mosaic variants may be identified on a distal nucleic
of the three germ layers. In some cases, the organs devel- acid molecule. The one or more mosaic variants can be
oped from the ectoderm may include epidermis, hair, nails, referenced to a spatial mutation map to spatially restrict a
lens of the eye, sebaceous glands, cornea, tooth enamel, the source of the nucleic acid molecule (e.g., left versus right
epithelium of the mouth and nose, peripheral nervous sys- side of the body). In some cases, the spatial map can be a
tem, adrenal medulla, melanocytes, facial cartilage, dentin 40 body spatial map. For example, a mutation may only be
of teeth, brain, spinal cord, posterior pituitary, motor neu- found in one part (e.g., left hand) of the body but not in the
rons, retina, and neural crest. In other cases, the organs others (e.g., right hand). The mutation map can be generated
developed from the endoderm may include stomach, colon, by mapping the mutation onto that body part (e.g., left hand)
liver, pancreas, urinary bladder, epithelial parts of trachea, in the spatial map.
lungs, pharynx, thyroid, parathyroid, and intestine. In some 45  Disclosed herein is a method for generating a mutation
cases, the organs developed from the mesoderm include map of a subject that relates a mutation to a source of the
muscle (smooth and striated), bone, cartilage, connective mutation. With reference to FIG. 3, a method for generating
tissue, adipose tissue, circulatory system, lymphatic system, a mutation map comprises: a) obtaining nucleic acid samples
dermis, genitourinary system, serous membranes, and noto- from different tissues of the subject, 310 & 320; b) sequenc-
chord. In some cases, the mutation map is generated by 50 ing nucleic molecules in the nucleic acid samples, 330; c)
mapping the mutation onto a tissue and/or organ in the identifying with a programmed computer processor differ-
developmental tree or cell fate map. For example, the ential mutations in nucleic acid sequences of nucleic acid
mutation map is generated by mapping a mutation unique to molecules sequenced in (b), 340; and d) generating in
one tissue type onto that tissue. computer memory a relationship between the differential
In some cases, the developmental mutation map can be 55 mutations and the different tissues to provide the mutation
used to identify the origin of a nucleic acid identified distally map of the subject.
to the tissue (e.g., in blood). In some cases, a developmental Generating a relationship between the differential muta-
mutation map, specific for an individual subject, can be used tions and the different tissues may comprise (i) assigning the
to trace the origin of a nucleic acid identified through differential mutations on one or more tissues based on e.g.,
sequencing distal nucleic acid molecules. For example, a 60 a developmental tree or a body spatial map, 350 and (ii)
nucleic acid in the cfDNA of a patient may be identified generating the developmental mutation map from the devel-
using the methods described herein. The presence of the opmental tree or a body spatial map, 360. In a case when a
nucleic acid may, for example, suggest the presence of a developmental tree is used, the mutation map is a develop-
disease, for example, a tumor in the patient’s body. How- mental mutation map. In a case when a body spatial map is
ever, because the nucleic acid was identified distally, rather 65 used, the mutation map is a spatial mutation map. The

than from a biopsy, it can be difficult to identify the tissue of
origin, By using the methods described herein, the origin of

mutation map may be generated using a hierarchical tree
clustering algorithm. The method may further comprise
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providing a report with the developmental mutation map
and/or the spatial mutation map.

Once a mutation map has been obtained, it may be used
to determine the source of a nucleic acid molecule or portion
thereof in a subject, and/or to monitor the state(s) of health
of one or more tissues of a subject. With reference to FIG.
4, a method for monitoring state(s) of health one or more
tissues of a subject comprise a) obtaining at least one nucleic
acid molecule from a blood sample of the subject, 410; b)
sequencing the nucleic acid molecule to generate a nucleic
acid sequence of the nucleic acid molecule, 420; c) identi-
fying one or more mutations in the nucleic acid sequence,
430; and d) using a mutation map of the subject 450 in
computer memory, identifying with a programmed computer
processor a tissue of the subject associated with the nucleic
acid molecule based on the one or more mutations identified
in (c), 440. The method may further comprise providing a
report with the tissue identified in (d), 460. The report may
be provided on an electronic display having a user interface.
The method may further comprise a determination of the
state of health of the subject, 470. The method may further
comprise providing a therapeutic intervention based on a
determination of the state of health of the subject, 480.

The method of FIG. 4 may be used to classify the one or
more tissues as, for example, healthy, unhealthy, or poten-
tially unhealthy, From such classification, a healthcare pro-
fession (e.g., a doctor) may diagnose and/or treat the subject.

Methods provided herein may be used to detect differen-
tial mutations in a blood sample of a subject. With reference
to FIG. 5, a method for detecting differential mutations in a
blood sample of a subject comprises a) separating the blood
sample into at least a first component that includes cell-free
or surface-bound nucleic acid molecules and a second
component that includes leukocytes, 510; b) extracting
nucleic acid molecules from the first and second compo-
nents, 520; c¢) independently sequencing extracted nucleic
molecules from the first and second components, 530; and d)
comparing with a programmed computer processor nucleic
acid sequences of nucleic acid molecules of the first and
second components to identify differential mutations, 540.
The method may further comprise (e) identifying a source of
the cell-free or surface-bound nucleic acid molecules based
on the differential mutations, 550. The identifying the source
may comprise comparing the differential mutation(s) to a
mutation map (e.g., developmental mutation map or spatial
mutation map) of the subject. The source may be identified
as a tissue or group of tissues of the subject. The method
may further comprise providing a report and/or a therapeutic
intervention based on an identification of the source.

The changes in the amount and/or characteristics of
cell-free DNA (cfDNA) and cell-bound DNA can be used to
detect diseases (e.g., cancer). The half-life of cfDNA in
blood can be shorter than that of cell-bound DNA (e.g. about
15 minutes vs several days). In a healthy individual, the
amount of cell-bound DNA in a given quantity of blood may
be 20x to 100x higher than the amount of cfDNA. Cell-
bound DNA may be more sensitive to longer term signals
(e.g., tumor growth or other diseases) and cfDNA can be
used to detect transient DNA signals from transient events.
These transient events may be due to the cycles of healthy
physiology (e.g. sleep vs awake, monthly menstrual cycles,
meals and digestion, pregnancy, etc), or due to intentional
manipulation of specific parts of the body (e.g. exercise,
heating/cooling, local administration or uptake of specific
drugs, etc). The transient or other time varying characteris-
tics of these distal DNA signals may allow them to be
separated out from a combination of such signals.
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The mosaic variants of individual parts of the body may
be carried with these transient or time varying distal DNA
signals. In some cases, the method provides for generating
a mutation map using transient or time varying distal DNA
signals, A method of generating a mutation map may involve
sampling distal nucleic acid molecules of a subject during
one or more transient events as described above. By observ-
ing the signals under these conditions, specific mosaic
variants may be mapped to specific parts of the body without
having to obtain a tissue or other sample specific to those
other parts of the body. For example, cfDNA that originated
in the heart may be abundant in a blood sample after
cardiovascular exercise. The cfDNA can be sequenced and
mutations that are specifically localized to the heart may be
identified. The specific mosaic variants can be used as
biomarkers for those parts of the body, even if they are not
causal for medical condition. These methods can facilitate
the generation of a mutation map. Similarly, disease-causing
mutations may be identified by sampling distal nucleic acid
molecules during one or more transient events, and the
origin of those mutations can be identified with a mutation
map as described above or by relating the mutations to the
one or more transient events (e.g., a mutation that originated
in the heart is identified after cardiovascular exercise), Thus
when a change in the amount, proportion, or other charac-
teristics of these variants is seen, it can be tied to a change
in a specific part of the body.

Disclosed herein is a method of using cfDNA and cell-
bound DNA complementarily. Having used the time reso-
lution of ¢fDNA to correlate specific mosaic variants with
specific parts of the body, the methods can be used to detect,
quantify and otherwise characterize changes in these vari-
ants via cell-bound DNA, at greater sensitivity than may be
possible with cfDNA from an equivalent specimen. The
method, for example, can detect, quantify and otherwise
characterize changes in these variants via cell-bound DNA
with a specificity or sensitivity of about or greater than about
50%, 55%, 60%, 65%, 70%, 75%, 76%, 77%, 78%, 79%,
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 99.5% as compared to
cfDNA from an equivalent specimen. Since the changes on
the time scale of blood cell turnover (a few days) or longer,
the cell-bound DNA in blood may be more sensitive for
detecting changes in sources of DNA. In one case, mosaic
variations in the DNA may initially be characterized as from
a particular part of the body by stimulating that part of the
body (e.g. by exercise) and observing the corresponding
transient in the cfDNA signal. Having thus associated a
mosaic variant with a particular part of the body, a tumor or
other disease growing in that same part of the body may be
detected, by detection of that mosaic variant (e.g., bio-
marker) in cell-bound DNA. Because the growth of tumors
may be slower than the time scale of red blood cell turnover,
the cell-bound DNA may be a more sensitive detector and
thus able to detect the tumor earlier.

The analysis of mosaic variants in distal nucleic acid
sequences, even when those variants are not causal or
predisposing for disease, can provide spatial and even organ-
specificity not previously associated with assays based on
them. The analysis of mosaic variation in distal nucleic acids
can demultiplex otherwise combined DNA signals and can
improve the sensitivity of such a test for the distal nucleic
acid signal. For example, the identification of mosaic vari-
ants specific to blood cells and their precursors (e.g. bone
marrow) can provide a mechanism to quantify the fraction of
a cfDNA (or other distal nucleic acid) which is from blood
(e.g., naturally or by rupture of blood cells in the process of
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obtaining the sample or conducting the assay). By subtract-
ing out the potentially varying baseline, testing of distal
nucleic acids can be more specific and/or more sensitive, for
example, about or greater than about 50%, 55%, 60%, 65%,
70%, 75%, 76%, 77%, 78%, 79%, 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 99.5% more specific and/or more sensitive
than non-blood sources.

Samples, which are nearby on a developmental tree or a
body spatial map, may be used to link specific mosaic
variants to parts of the body which are difficult, expensive or
invasive to assay directly. For example, because the bladder
is close to the pancreas on the developmental tree (both are
derived from the gut tube), mosaicism in bladder cells from
urine (e.g., inexpensively and non-invasively obtainable)
can be used as a surrogate marker for the pancreas (e.g.,
much more invasive to assay). In another case, because the
spinal cord is close to the brain on the developmental tree,
cells from the spinal cord, in cerebrospinal fluid, can be used
as surrogate markers for the brain (e.g., expensive and much
more invasive to assay.

The method may also be used to perform tumor vs normal
analysis without a tissue specimen from the tumor, and thus
can be used to identify specific variants in the tumor and to
recommend specific anti-cancer drugs based on the mutation
to be targeted. The normal analysis may be performed on
white blood cells (i.e., leukocytes) prior to the development
of the tumor. In some cases, the normal analysis and the
tumor analysis are performed on a single blood sample. In
this case, whole blood can be collected and centrifuged to
separate the plasma which contains the cfDNA, the buffy
coat which contains the white blood cells, and the red blood
cells. Nucleic acids can be extracted from the plasma and the
white blood cells and sequenced. In some cases, the cfDNA
may contain distal nucleic acids that originated from a
tumor. In these cases, tumor variants may be identified by
identifying mosaic variants in the cfDNA that are not
represented in the white blood cells (“normal”). In some
cases, the tumor variants are causal variants (i.e., tumor-
causing).

Sample Processing and Analysis

The methods disclosed herein may comprise providing
individual sequence reads from individual distal nucleic
acids. In some cases, the methods may comprise identifying
mosaic mutations specific to at least one particular subset of
patient’s cells. The particular subset of patient’s cells may
comprise cells from a specific organ or set of organs. The
particular subset of patient’s cells may comprise cells from
a spatial segment of the body (e.g., the left or right side of
the body).

The methods may comprise counting the number of reads
in each such subset. In some cases, counting the number of
reads may be done by sequencing. In particular, counting the
number of reads may be done by next-generation sequencing
(NGS). For example, the individual sequence reads can be
obtained using an. [llumina HiSeq or MiSeq system. Alter-
natively, the individual sequence reads can be obtained using
a digital genotyping system. In some cases, counting the
number of reads may be done by monitoring one or several
specific mosaic loci with assays that have analog readouts.
In some cases, counting the number of reads may be done by
oligo-directed single base extension. In some cases, count-
ing the number of reads may be done by monitoring one or
several specific mosaic loci with fluorescence assays. In
some cases, counting the number of reads may be done by
monitoring one or several specific mosaic loci with mass-
spec assays. In some cases, counting the number of reads
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may be done by monitoring one or several specific mosaic
loci with genotyping assays. In some cases, counting the
number of reads may be done by monitoring one or several
specific mosaic loci with arrays assays (e.g., microarray
assays).

The methods may comprise normalizing the number of
reads. In some cases, the number of reads exhibiting a
specific mosaic variant may be normalized to the total
number of reads. In some cases, the number of reads may be
normalized to the time of day. In some cases, the number of
reads may be normalized to the phase of menstrual cycle. In
some cases, the number of reads may be normalized to the
subject’s body weight.

The methods may comprise comparing the number of
reads, in some cases normalized, in each subset to a refer-
ence number. In some cases, the reference number is cal-
culated from other subjects. In some cases, the reference
number is calculated from the same subject.

The methods may comprise reporting the number of
reads, localization, cell type, spatial position in the body,
and/or other values based on the comparison. In one
example, the values based on the comparison may be a
statistically significant increase in read counts from a mosaic
variant known to be in the patient’s pancreas. The methods
may comprise reporting the changes in the overall set of
sequences. In some cases, the change is an increase or
decrease in the overall amount of cfDNA. In some cases, the
change is an increase or decrease in the ratio of certain
sequences to others. For example, the certain sequences are
sequences from regions frequently amplified in cancer (e.g.,
MET). The methods may comprise reporting the changes of
mosaic and non-mosaic loci in other patient events. The
patient events may be trauma, pregnancy, diagnosed dis-
eases and/or organ transplantation.

The methods may comprise correlating results of mosaic
loci with other changes in the overall set of sequences. The
methods may comprise correlating results of mosaic loci
with other patient events.

The methods as disclosed herein may comprise isolating
cfDNA from a sample, in some cases a blood sample. In
some cases, isolating cfDNA from a blood sample comprises
avoiding rupture of blood cells. In some cases, isolating
cfDNA from a blood sample comprises centrifuging blood
first at a lower speed, and then later at a higher speed. In
some cases, the blood cells contain more mosaic variants
than other tissues. For example, the blood cells contain at
least 110%, 120%, 130%, 140%, 150%, 160%, 170%,
180%, 190%, 200%, 250%, 300%, 350%, 400%, 450%, or
500% more mosaic variants than other tissues. In some
cases, the blood-specific mosaic variants may be identified
by sequencing DNA from the thin layer formed by centrifu-
gation of blood (e.g., “Buffy Coat”). In some cases, the
blood-specific mosaic variants may be identified by
sequencing DNA from white blood cells. In some cases, the
blood-specific signal may be identified by quantifying the
signal with blood-specific mosaic variants.

The methods as disclosed herein may further comprise
subtracting out the blood-specific signal from other signals.
In some cases, the blood-specific signal may be monitored.
For example, an increase of the blood-specific signal from
the cfDNA component may indicate a disease in blood or
other organs, such as liver. In some cases, subtracting out the
blood-specific signal may reduce the background signal. In
some cases, subtracting out the blood-specific signal may
improve the sensitivity of signals from other parts of the
body. In some cases, subtracting out the blood-specific
signal involves subtracting out the quantity of blood-specific
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cfDNA from the overall quantity of cfDNA. In other cases,
subtracting out the blood-specific signal involves only
counting the non-blood signal at genomic loci with variants
that are not identified in the blood-specific data.

The methods as disclosed herein may further comprise
assaying a set of mosaic variants associated with specific
parts of the body. In some cases, assaying the set of mosaic
variants may detect the presence of the mosaic variants in
the distal DNA at low concentrations, for example less than
about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1%. In
some cases, assaying the set of mosaic variants may detect
the presence of the mosaic variants in the distal DNA at even
lower concentrations, for example less than about 0.9%,
0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1%, 0.08%,
0.06%, 0.04%, 0.02%, or 0.01%. In some cases, the methods
may comprise PCR amplification of mosaic variants. In
some cases, the PCR amplification of mosaic variants is
more rapid than exome or whole genome sequencing. In
some cases, the PCR amplification of mosaic variants takes
less than 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%,
or 50% of the time needed for completing an exome
sequencing for the same sample. For example, the PCR
amplification of mosaic variants takes less than 80% of the
time needed for completing an exome sequencing for the
same sample. In some cases, the PCR amplification of
mosaic variants takes less than 95%, 90%, 85%, 80%, 75%,
70%, 65%, 60%, 55%, or 50% of the time needed for
completing a whole genome sequencing for the same
sample. For example, the PCR amplification of mosaic
variants takes less than 80% of the time needed for com-
pleting a whole genome sequencing for the same sample. In
some cases, the PCR amplification of mosaic variants is at
least 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, or
50% less expensive than exome or whole genome sequenc-
ing. For example, the PCR amplification of mosaic variants
is at least 80% less expensive than exome or whole genome
sequencing.

The methods as disclosed herein may comprise analog or
digital assays. The methods as disclosed herein may com-
prise sequencing or genotyping. In some cases, the methods
may comprise using one assay to find the mosaic variants
specific to the individual first. In some cases, the methods
may further comprise using a second assay once the mosaic
variants specific to the individual have been identified. For
example, the second assay may be specific to the individual.
In some cases, the second assay may be used many times
over the person’s life. For example, the second assay may be
used atleast 1,2,3,4,5,6,7,8,9, 10, 20, 30, 40, 50 or more
times over the person’s life. In some cases, the second assay
may use samples from many parts of the individual’s body.

The methods as disclosed herein may be used to detect,
monitor, diagnose, and/or treat neurologic diseases, such as
amyotrophic lateral sclerosis (ALS), arteriovenous malfor-
mation, brain aneurysm, brain tumors, dural arteriovenous
fistulae, epilepsy, headache, memory disorders, multiple
sclerosis, Parkinson’s disease, peripheral neuropathy, post-
herpetic neuralgia, spinal cord tumor and stroke. In some
cases, the methods may comprise taking a sample from
cerebrospinal fluid.

The methods as disclosed herein may comprise identifi-
cation of non-causal genetic variants. In some cases, the
non-causal genetic variants occur at different proportions in
different parts of the body. In some cases, the identification
of the non-causal genetic variants comprises sequencing of
samples from different parts of the body. In some cases, one
or more samples may be obtained in the subject’s life. In
some cases, the methods may comprise using the one or
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more samples to improve the map connecting the mosaicism
to the organs, cell types, and 3D physiology. In some cases,
the samples are obtained by biopsy. For example, the
samples can be obtained by non-invasive methods such as
sampling the skin or hair. In some cases, the samples are
obtained by surgery. For example, the samples can be
obtained in a heart surgery to install a pacemaker. In another
example, the samples can be obtained in a brain surgery to
reduce the incidence of seizures. In another example, the
samples can be obtained in a needle biopsy screening for
breast cancer. In another example, the samples can be
obtained in a surgery for hip replacement. In another
example, the samples can be obtained in a surgery for
cataract removal. In another example, the samples can be
obtained in a surgery for caesarian section. In another
example, the samples can be obtained in a surgery for
colonoscopy. In another example, the samples can be
obtained in a surgery for kidney transplant. In another
example, the samples can be obtained in a surgery for root
canal.

The methods as disclosed herein may comprise detecting
structural variants (e.g., chromosomal-scale variants) in
distal nucleic acids. The methods as disclosed herein may
comprise detecting mosaic variants in distal nucleic acids. In
some cases, the methods may comprise isolating individual
cells from a sample. In some cases, the methods may
comprise detecting a cell with structural variants. In some
cases, the methods may comprise detecting mosaic variants
in the same cell. In some cases, the methods may comprise
identifying the source of the cell with structural variants by
mapping the mosaic variants to the individual’s mutation
map.

The methods as disclosed herein may comprise detecting
causal or predisposing genetic variants iii distal nucleic
acids. The methods may further comprise detecting non-
causal variants. The methods may further comprise detect-
ing both causal and non-causal variants. For example, the
non-causal variant is a spatially mapped mosaic variant. In
some cases, the methods may comprise searching for a
causal variant first. Once the causal variant is detected, the
methods may further comprise searching for a non-causal
variant in the same cell that contains the causal variant. In
some cases, searching for the non-causal variant may com-
prise a deep search for mosaic variants. In some cases,
detecting causal and/or non-causal variants may comprise
using a reverse emulsion droplet system. The reverse emul-
sion droplet system may be from Raindance, for example.
Alternatively, detecting causal and/or non-causal variants
may comprise doing a pullout from a population of large
DNA molecules. The large DNA molecules may have the
causal variant.

The methods as disclosed herein may comprise detecting
measuring genetic mosaicism in Lynch syndrome patients.
In some cases, the Lynch syndrome patient may have more
mosaic mutations than healthy subjects. For example, the
Lynch syndrome patient may have at least 2-fold, 3-fold,
4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 15-fold,
20-fold, 25-fold, 30-fold, 35-fold, 40-fold, 45-fold, 50-fold,
55-fold, 60-fold, 65-fold, 70-fold, 75-fold, 80-fold, 85-fold,
90-fold, 95-fold, 100-fold, 120-fold, 140-fold, 160-fold,
180-fold, or 200-fold more mosaic mutations than healthy
subjects. The methods may further comprise detecting,
monitoring, and/or diagnosing cancer in Lynch syndrome
patients. In some cases, the methods may comprise screen-
ing for colon cancer in Lynch syndrome patients. In some
cases, the methods may comprise taking one or more biopsy
samples during a colonoscopy. In some cases, the biopsy
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samples may be from locations spaced along the colon. In
some cases, the methods may comprise taking biopsy
samples using endometrial biopsy.

The methods as disclosed herein may comprise detecting
mosaic variants using a next generation DNA sequencing
technology. In some cases, detecting mosaic variants may
comprise providing raw sequence reads from individual
DNA. For example, the next generation DNA sequencing
technology is Illumina’s sequencing by synthesis technol-
ogy.

The methods as disclosed herein may comprise detecting
mosaic variant using a redundant sequencing technology.
Next generation DNA sequencing to detect mosaic variants
at low allele frequency (within a particular sample) may be
limited by the error rate of the sequencing technology. This
sequencing error can create a “noise floor”, making it
difficult to distinguish false positive variants from true
positive variants at a low allelic frequency. Several tech-
niques (including Duplex sequencing, Safe-SeqS and Circle
Sequencing) have been developed to address this, each by
creating multiple copies of an original DNA molecule,
sequencing them separately and then combining them to
create a high accuracy consensus. In some cases, a redun-
dant sequencing technology is utilized to detect variants that
occurred after gastrulation. In some cases, the variants are of
allele frequencies below the “noise floor” of current next
generation sequencing technologies. In these cases, the
variants may be below an allele frequency in a sample of less
than about 0.1%. These methods may improve the sensitiv-
ity and/or specificity of identifying mosaic variants as com-
pared to next generation sequencing methods. In some cases,
the sensitivity or specificity may be improved by at least
50%, 55%, 60%, 65%, 70%, 75%, 76%, 77%, 78%, 79%,
80%, 85%. 86%, 87%, 88%, 89%, 90%, 91%, 92% 93%,
94% 95%, 96%, 97%, 98%, 99%, or 99.5%.

The methods as disclosed herein may comprise using
whole genome sequencing. In some cases, the whole
genome sequencing is used to identify mosaic variants in a
person. The methods may further comprise sequencing the
mosaic variant using other methods. In some cases, sequenc-
ing the mosaic variant may comprise deep sequencing over
a fraction of the genome. For example, the fraction of the
genome may be at least about 50; 75; 100; 125; 150; 175;
200; 225; 250; 275; 300; 350, 400; 450, 500; 550; 600; 650;
700; 750; 800; 850; 900; 950; 1,000; 1100; 1200; 1300;
1400; 1500; 1600; 1700; 1800; 1900; 2,000; 3,000; 4,000,
5,000; 6,000; 7,000; 8,000; 9,000; 10,000; 15,000; 20,000
30,000; 40,000; 50,000; 60,000; 70,000; 80,000; 90,000
100,000 or more bases or base pairs. In some cases, the
genome may be sequenced over 1 million, 2 million, 3
million, 4 million, 5 million, 6 million, 7 million, 8 million,
9 million, 10 million or more than 10 million bases or base
pairs. In some cases, the genome may be sequenced over an
entire exome (e.g., whole exome sequencing), In some
cases, the deep sequencing may comprise acquiring multiple
reads over the fraction of the genome. For example, acquir-
ing multiple reads may comprise at least 2, 3, 4, 5, 6, 7, 8,
9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500,
600, 700, 800, 900, 1000, 10,000 reads or more than 10,000
reads over the fraction of the genome.

The methods as disclosed herein may comprise detecting
mosaic variants in specific genomic regions. In some cases,
detecting mosaic variants in specific genomic regions may
comprise using methods such as PCR, Molecular inversion
Probes, or hybridization. In some cases, sequencing specific
genomic regions may comprise using targeted genomic
sequencing. In some cases, sequencing specific genomic
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regions may comprise using exome sequencing. In some
cases, the specific genomic regions may comprise muta-
tional spectra of specific human polymerases, mismatch
repair genes or any combination thereof. In some cases, the
specific genomic regions may comprise loci matching
generic motifs inferred from the mutational spectra. In some
cases, the specific genomic regions may comprise variants
commonly seen somatically in cancer. In some cases, the
specific genomic regions may comprise variants commonly
seen de novo in other diseases, such as autism and schizo-
phrenia. In some cases, the specific genomic regions may
comprise somatic variants seen in other individuals. For
example, the somatic variants seen in other individuals may
be obtained from a database.

The methods as disclosed herein may comprise detecting
low allelic fractions by deep sequencing. In some cases, the
deep sequencing is done by next generation sequencing. In
some cases, the deep sequencing is done by avoiding error-
prone regions. In some cases, the error-prone regions may
comprise regions of near sequence duplication, regions of
unusually high or low % GC, regions of near homopoly-
mers, di- and tri-nucleotide, and regions of near other short
repeats. In some cases, the error-prone regions may com-
prise regions that lead to DNA sequencing errors (e.g.,
polymerase slippage in homopolymer sequences).

The methods as disclosed herein may comprise sequenc-
ing regions with high rates of somatic variations. The
methods may comprise sequencing regions with low rates of
DNA sequencing error. The methods may comprise
sequencing regions with high rates of somatic variations and
low rates of DNA sequencing error. By sequencing regions
with high rates of somatic variations and low rates of DNA
sequencing error, the amount of DNA needed per variant
detected can be reduced relative to whole genome sequenc-
ing by a factor of 10 or more. In some cases, the amount of
DNA needed per variant detected can be reduced relative to
whole genome sequencing by a factor of 2, 3,4, 5,6, 7, 8,
9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500,
or more.

Apoptosis is a process that involves a cascade of cellular
events ultimately leading to chromosomal DNA fragmenta-
tion. Necrosis may also lead to chromosomal DNA frag-
mentation, however, there may be a difference in size of the
DNA fragments. In some cases, the DNA fragments from
necrosis may be longer than the DNA fragments from
apoptosis, and in some cases, substantially longer. This
difference in DNA size can be measured and used to
distinguish cfDNA from apoptosis and cfDNA from necro-
sis. The methods as disclosed herein may comprise moni-
toring the genomic distribution of the cfDNA from necrosis.
The methods may comprise monitoring the genomic distri-
bution of the cfDNA from apoptosis. The methods may
comprise monitoring the ratio of the cfDNA from necrosis to
apoptosis. In some cases, the monitoring the genomic dis-
tribution of the cfDNA from apoptosis comprises identifying
DNA in mononucleosomal and oligonucleosomal histone-
DNA complexes. In some cases, monitoring the ratio of the
cfDNA from necrosis to apoptosis comprises measuring the
length of the cfDNA. In some cases, the average molecule
length of the cfDNA from apoptosis is about 50, 75, 100,
110, 120, 130, 140, 150, 160, 170, 180, 200, 210, 220, 230,
240, 250, 300, 350, 400, 450, 500 or more base pairs. In
some cases, the average molecule length of the cfDNA from
necrosis is about 1000, 1500, 2000, 2500, 3000, 3500, 4000,
4500, 5000, 5500, 6000, 6500, 7000, 7500, 8000, 8500,
9000, 9500, 10000, or more base pairs. In some cases, the
average molecule length of the cfDNA from necrosis is
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longer than the cfDNA from apoptosis. For example, the
average molecule length of the cfDNA from necrosis is at
least 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000,
5500, 6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500,
10000 or more base pairs longer than the cfDNA from
apoptosis. In some cases, the cfDNA from necrosis is
distinguished from the cfDNA from apoptosis by the length
of the cfDNA.

In some cases, the ratio of the ¢cfDNA from necrosis to
apoptosis can be measured using the methods described
herein to identify a tumor. As a tumor grows, the core of the
tumor may be starved for oxygen and nutrients which may
lead to necrosis of the inner mass of tumor cells (“necrotic
core”). DNA from the necrotic core may be released into the
bloodstream and detected as cfDNA. The presence of
cfDNA from necrosis in a blood sample may indicate the
presence of tumor.

The methods as disclosed herein may comprise isolating
cell-bound DNA from a sample. In some cases, the sample
may be a blood sample. In some cases, isolating cell-bound
DNA may further comprise isolating the red blood cell
component from the blood sample first. In this case, as red
blood cells do not have DNA, the DNA isolated from the red
blood cell component is distal DNA that has bound to the
surface of the red blood cells. In some cases, isolating the
red blood cell component may comprise using centrifuga-
tion. In some cases, isolating the red blood cell component
may comprise using flow cytometry. In some cases, isolating
the red blood cell component may comprise using fluores-
cence-activated cell sorting (FACS). In some cases, the
cell-bound DNA may be extracted from the red blood cell
component of the blood sample. In some cases, the methods
may comprise sequencing nucleic molecules in the cell-
bound DNA. In some cases, the methods may comprise
detecting mosaic variants in the cell-bound DNA. In some
cases, the methods may comprise identifying the source of
the cell-bound DNA. In some cases, the source of the
cell-bound DNA may be bone marrow.

Assays

In some cases, the methods may comprise obtaining distal
nucleic acids separated out from other components of the
sample. For example, the methods may comprise obtaining
cfDNA separated out from the DNA in the rest of the blood.
In particular, cfDNA may be compared to DNA contained in
the white blood cells (e.g., Leukocytes).

The methods disclosed herein may comprise isolating
cfDNA from blood. In some cases, blood cells may be
separated out and returned to circulation in the patient using
dialysis. Alternatively, the cfDNA can be siphoned off from
the blood stream without removing the blood cells using a
membrane permeable to the cfDNA but not to the cells. For
example, an expanded Teflon membrane may be used. In
some cases, DNA may be motivated to move through the
membrane electrophoretically. In some cases, methods may
allow more frequent sampling of cfDNA than may normally
be medically recommended if the loss of blood cells is
required.

In some cases, the nucleic acid sample described herein
can be subjected to a variety of assays. Assays may include,
but are not limited to, sequencing, amplification, hybridiza-
tion, enrichment, isolation, elution, fragmentation, detec-
tion, and quantification of one or more nucleic acid mol-
ecules. Assays may include methods for preparing one or
more nucleic acid molecules.

In some cases, the nucleic acids in the nucleic acid sample
described herein can be amplified. Amplification can be
performed at any point during a multi reaction procedure
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using methods provided herein, e.g., before or after pooling
of sequencing libraries from independent reaction volumes
and may be used to amplify any suitable target molecule
described herein.

Amplification can be performed by various methods or
systems. The nucleic acids may be amplified by polymerase
chain reaction (PCR), as described in, for example, U.S. Pat.
Nos. 5,928,907 and 6,015,674, each of which is entirely
incorporated herein by reference. Other methods of nucleic
acid amplification may include, for example, ligase chain
reaction, oligonucleotide ligations assay, and hybridization
assay, as described in greater detail in U.S. Pat. Nos.
5,928,907 and 6,015,674, each of which is entirely incor-
porated herein by reference. Real-time optical detection
systems may be employed, for example, as described in U.S.
Pat. Nos. 5,928,907 and 6,015,674, each of which is entirely
incorporated herein by reference. Other amplification meth-
ods that can be used herein include those described in U.S.
Pat. Nos. 5,242,794; 5,494,810, 4,988,617; and 6,582,938,
each of which is entirely incorporated herein by reference.
Other amplification techniques that can be used with meth-
ods of the present disclosure can include, e.g., AFLP (ampli-
fied fragment length polymorphism) PCR (see e.g.: Vos et al.
1995. AFLP: a new technique for DNA fingerprinting.
Nucleic Acids Research 23: 4407-14), allele-specific PCR
(see e.g., Saiki R K, Bugawan T L, Horn G T, Mullis K B,
Erlich H A (1986). Analysis of enzymatically amplified
beta-globin and HLA-DQ alpha DNA with allele-specific
oligonucleotide probes Nature 324: 163-166), Alu PCR,
assembly PCR (see e.g., Stemmer W P, Crameri A, Ha K D,
Brennan T M, Heyneker H L (1995). Single-step assembly
of a gene and entire plasmid from large numbers of oligode-
oxyribonucleotides Gene 164: 49-53), asymmetric PCR (see
e.g., Saiki R K supra), colony PCR, helicase dependent PCR
(see e.g., Myriam Vincent, Yan Xu and Huimin Kong
(2004). Helicase-dependent isothermal DNA amplification
EMBO reports 5 (8): 795-800), hot start PCR, inverse PCR
(see e.g., Ochman H, Gerber A S, Hartl D L. Genetics. 1988
November; 120(3):621-3), in situ PCR, intersequence-spe-
cific PCR or IS SR PCR, digital PCR, linear-after-the-
exponential-PCR or Late PCR (see e.g., Pierce K E and
Wangh L T (2007). Linear-after-the-exponential polymerase
chain reaction and allied technologies Real-time detection
strategies for rapid, reliable diagnosis from single cells
(Methods Mol. Med. 132: 65-85), long PCR, nested PCR,
real-time PCR, duplex PCR, multiplex PCR, quantitative
PCR, quantitative fluorescent PCR (QF-PCR), multiplex
fluorescent PCR (MF-PCR), restriction fragment length
polymorphism PCR (PCR-RFLP), PCK-RFLPIRT-PCR-
IRFLP, polony PCR, in situ rolling circle amplification
(RCA), bridge PCR, picotiter PCR, and emulsion PCR, or
single cell PCR, Other suitable amplification methods can
include transcription amplification, self-sustained sequence
replication, selective amplification of target polynucleotide
sequences, consensus sequence primed polymerase chain
reaction (CP-PCR), arbitrarily primed polymerase chain
reaction (AP-PCR), and degenerate oligonucleotide-primed
PCR (DOP-PCR). Another method for achieving the result
of an amplification of nucleic acids is ligase chain reaction
(LCR), nucleic acid sequence based amplification
(NASBA), Q-beta-replicase method, 3SR (see for example
Fahy et al. PCR Methods Appl. 1:25-33 (1991)), or Tran-
scription Mediated Amplification (TMA) used by Gen-
Probe. TMA is similar to NASBA in utilizing two enzymes
in a self-sustained sequence replication. See U.S. Pat. No.
5,299,491 herein incorporated by reference. Other methods
for amplification of nucleic acids can include Strand Dis-
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placement Amplification (SDA) (Westin et al 2000, Nature
Biotechnology, 18, 199-202; Walker et al 1992, Nucleic
Acids Research, 20, 7, 1691-1696), or Rolling Circle Ampli-
fication (RCA) (Lizardi et al. 1998, Nature Genetics,
19:225-232).

In some cases, amplification methods can be solid-phase
amplification, polony amplification, colony amplification,
emulsion PCR, bead RCA, surface RCA, surface SDA, etc.,
as will be recognized by one of skill in the art. In some cases,
amplification methods that results in amplification of free
DNA molecules in solution or tethered to a suitable matrix
by only one end of the DNA molecule can be used. Methods
that rely on bridge PCR, where both PCR primers are
attached to a surface (see, e.g., WO 2000/018957 and Adessi
et al., Nucleic Acids Research (2000): 28(20): E87) can be
used. A “polymerase colony technology” or “polony” may
be used, referring to a multiplex amplification that maintains
spatial clustering of identical amplicons (see Harvard
Molecular Technology Group and Lipper Center for Com-
putational Genetics website). These include, for example, in
situ polonies (Mitra and Church, Nucleic Acid Research 27,
e34, Dec. 15, 1999), in situ rolling circle amplification
(RCA) (Lizardi et al., Nature Genetics 19, 225, July 1998),
bridge PCR (U.S. Pat. No. 5,641,658), picotiter PCR (Lea-
man et al., Electrophoresis 24, 3769, November 2003), and
emulsion PCR (Dressman et al., PNAS 100, 8817, Jul. 22,
2003).

Amplification may be achieved through any process by
which the copy number of a target sequence is increased,
e.g., PCR. Conditions favorable to the amplification of target
sequences by PCR can be optimized at a variety of opera-
tions in the process, and depend on characteristics of ele-
ments in the reaction, such as target type, target concentra-
tion, sequence length to be amplified, sequence of the target
and/or one or more primers, primer length, primer concen-
tration, polymerase used, reaction volume, ratio of one or
more elements to one or more other elements, and others,
some or all of which can be altered. In general, PCR
involves the operations of denaturation of the target to be
amplified (if double stranded), hybridization of one or more
primers to the target, and extension of the primers by a DNA
polymerase, with the operations repeated (or “cycled”) in
order to amplify the target sequence. Operations in this
process can be optimized for various outcomes, such as to
enhance yield, decrease the formation of spurious products,
and/or increase or decrease specificity of primer annealing,
Methods of optimization may include adjustments to the
type or amount of elements in the amplification reaction
and/or to the conditions of a given operation in the process,
such as temperature at a particular operation, duration of a
particular operation, and/or number of cycles. In some cases,
an amplification reaction comprises at least 5, 10, 15, 20, 25,
30, 35, 50, or more cycles. In some cases, an amplification
reaction comprises no more than 5, 10, 15, 20, 25, 35, 50, or
more cycles. Cycles can contain any number of operations,
such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more operations.
Operations can comprise any temperature or gradient of
temperatures, suitable for achieving the purpose of the given
operation, including but not limited to, 3' end extension (e.g.,
adaptor fill-in), primer annealing, primer extension, and
strand denaturation. Operations can be of any duration,
including but not limited to about, less than about, or more
than about 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 70,
80, 90, 100, 120, 180, 240, 300, 360, 420, 480, 540, 600, or
more seconds, including indefinitely until manually inter-
rupted. Cycles of any number comprising different opera-
tions can be combined in any order. In some cases, different
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cycles comprising different operations are combined such
that the total number of cycles in the combination is about,
less that about, or more than about 5, 10, 15, 20, 25, 30, 35,
50, or more cycles.

The methods herein may further comprise conducting one
or more hybridization reactions on one or more nucleic acid
molecules in a sample. The hybridization reactions may
comprise the hybridization of one or more capture probes to
one or more nucleic acid molecules in a sample or subset of
nucleic acid molecules. The hybridization reactions may
comprise hybridizing one or more capture probe sets to one
or more nucleic acid molecules in a sample or subset of
nucleic acid molecules. The hybridization reactions may
comprise one or more hybridization arrays, multiplex
hybridization reactions, hybridization chain reactions, iso-
thermal hybridization reactions, nucleic acid hybridization
reactions, or a combination thereof. The one or more hybrid-
ization arrays may comprise hybridization array genotyping,
hybridization array proportional sensing, DNA hybridiza-
tion arrays, macroarrays, microarrays, high-density oligo-
nucleotide arrays, genomic hybridization arrays, compara-
tive hybridization arrays, or a combination thereof. The
hybridization reaction may comprise one or more capture
probes, one or more beads, one or more labels, one or more
subsets of nucleic acid molecules, one or more nucleic acid
samples, one or more reagents, one or more wash buffers,
one or more elution buffers, one or more hybridization
buffers, one or more hybridization chambers, one or more
incubators, one or more separators, or a combination thereof.

The methods disclosed herein may further comprise con-
ducting one or more enrichment reactions on one or more
nucleic acid molecules in a sample. The enrichment reac-
tions may comprise contacting a sample with one or more
beads or bead sets. The enrichment reaction may comprise
differential amplification of two or more subsets of nucleic
acid molecules based on one or more genomic region
features. For example, the enrichment reaction comprises
differential amplification of two or more subsets of nucleic
acid molecules based on GC content. Alternatively, or
additionally, the enrichment reaction comprises differential
amplification of two or more subsets of nucleic acid mol-
ecules based on methylation state. The enrichment reactions
may comprise one or more hybridization reactions. The
enrichment reactions may further comprise isolation and/or
purification of one or more hybridized nucleic acid mol-
ecules, one or more bead bound nucleic acid molecules, one
or more free nucleic acid molecules (e.g., capture probe free
nucleic acid molecules, bead free nucleic acid molecules),
one or more labeled nucleic acid molecules, one or more
non-labeled nucleic acid molecules, one or more amplicons,
one or more non-amplified nucleic acid molecules, or a
combination thereof. Alternatively, or additionally, the
enrichment reaction may comprise enriching for one or more
cell types in the sample. The one or more cell types may be
enriched by flow cytometry.

The methods disclosed herein may comprise enrichment
reactions for different genomic or non-genomic regions and
may comprise one or more different amplification operations
to prepare libraries of nucleic acid molecules for assay. The
one or more enrichment reactions may produce one or more
enriched nucleic acid molecules. The enriched nucleic acid
molecules may comprise a nucleic acid molecule or variant
or derivative thereof. For example, the enriched nucleic acid
molecules comprise one or more hybridized nucleic acid
molecules, one or more bead bound nucleic acid molecules,
one or more free nucleic acid molecules (e.g., capture probe
free nucleic acid molecules, bead free nucleic acid mol-
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ecules), one or more labeled nucleic acid molecules, one or
more non-labeled nucleic acid molecules, one or more
amplicons, one or more non-amplified nucleic acid mol-
ecules, or a combination thereof. The enriched nucleic acid
molecules may be differentiated from non-enriched nucleic
acid molecules by GC content, molecular size, genomic
regions, genomic region features, or a combination thereof.
The enriched nucleic acid molecules may be derived from
one or more assays, supernatants, eluants, or a combination

24

base pairs, and about 500 base pairs to about 1000 base
pairs. The one or more fragmentation reactions may result in
fragment sized of about 50 base pairs to about 1000 base
pairs. The one or more fragmentation reactions may result in
fragment sized of about 100 base pairs, 150 base pairs, 200
base pairs, 250 base pairs, 300 base pairs, 350 base pairs,
400 base pairs, 450 base pairs, 500 base pairs, 550 base
pairs, 600 base pairs, 650 base pairs, 700 base pairs, 750
base pairs, 800 base pairs, 850 base pairs, 900 base pairs,

thereof. The enriched nucleic acid molecules may differ 10 950 base pairs, 1000 base pairs or more.

from the non-enriched nucleic acid molecules by mean size, Fragmenting the one or more nucleic acid molecules may
mean GC content, genomic regions, or a combination comprise mechanical shearing of the one or more nucleic
thereof. acid molecules in the sample for a period of time. The

The methods disclosed herein may further comprise con- fragmentation reaction may occur for at least about 10, 15,
ducting one or more isolation or purification reactions on 15 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
one or more nucleic acid molecules in a sample. The 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375,
isolation or purification reactions may comprise contacting 400, 425, 450, 475, 500 or more seconds.

a sample with one or more beads or bead sets. The isolation Fragmenting the one or more nucleic acid molecules may
or purification reaction may comprise one or more hybrid- comprise contacting a nucleic acid sample with one or more
ization reactions, enrichment reactions, amplification reac- 20 beads. Fragmenting the one or more nucleic acid molecules
tions, sequencing reactions, or a combination thereof. The may comprise contacting the nucleic acid sample with a
isolation or purification reaction may comprise the use of plurality of beads, wherein the ratio of the volume of the
one or more separators. The one or more separators may plurality of beads to the volume of nucleic acid sample is
comprise a magnetic separator. The isolation or purification about 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90,
reaction may comprise separating bead bound nucleic acid 25 1.00, 1.10, 1.20, 1.30, 1.40, 1.50, 1.60, 1.70, 1.80, 1.90, 2.00
molecules from bead free nucleic acid molecules. The or more. Fragmenting the one or more nucleic acid mol-
isolation or purification reaction may comprise separating ecules may comprise contacting the nucleic acid sample
capture probe hybridized nucleic acid molecules from cap- with a plurality of beads, wherein the ratio of the volume of
ture probe free nucleic acid molecules. The isolation or the plurality of beads to the volume of nucleic acid is about
purification reaction may comprise separating a first subset 30 2.00, 1.90, 1.80, 1.70, 1.60, 1.50, 1.40, 1.30, 1.20, 1.10, 1.00,
of nucleic acid molecules from a second subset of nucleic 0.90, 0.80, 0.70, 0.60, 0.50, 0.40, 0.30, 0.20,0.10, 0.05, 0.04,
acid molecules, wherein the first subset of nucleic acid 0.03, 0.02, 0.01 or less.

molecules differ from the second subset on nucleic acid The methods disclosed herein may further comprise con-
molecules by mean size, mean GC content, genomic ducting one or more detection reactions on one or more
regions, or a combination thereof. 35 nucleic acid molecules in a sample. Detection reactions may

The methods disclosed herein may further comprise con- comprise one or more sequencing reactions. Alternatively,
ducting one or more elution reactions on one or more nucleic conducting a detection reaction comprises optical sensing,
acid molecules in a sample. The elution reactions may electrical sensing, or a combination thereof. Optical sensing
comprise contacting a sample with one or more beads or may comprise optical sensing of a photoilluminscence pho-
bead sets. The elution reaction may comprise separating 40 ton emission, fluorescence photon emission, pyrophosphate
bead bound nucleic acid molecules from bead free nucleic photon emission, chemiluminescence photon emission, or a
acid molecules. The elution reaction may comprise separat- combination thereof. Electrical sensing may comprise elec-
ing capture probe hybridized nucleic acid molecules from trical sensing of an ion concentration, ion current modula-
capture probe free nucleic acid molecules. The elution tion, nucleotide electrical field, nucleotide tunneling current,
reaction may comprise separating a first subset of nucleic 45 or a combination thereof.
acid molecules from a second subset of nucleic acid mol- The methods disclosed herein may further comprise con-
ecules, wherein the first subset of nucleic acid molecules ducting one or more quantification reactions on one or more
differ from the second subset on nucleic acid molecules by nucleic acid molecules in a sample. Quantification reactions
mean size, mean GC content, genomic regions, or a com- may comprise sequencing, PCR, qPCR, digital PCR, or a
bination thereof. 50 combination thereof.

The methods disclosed herein may further comprise one The methods disclosed herein may further comprise con-
or more fragmentation reactions. The fragmentation reac- ducting 1 or more, 2 or more, 3 or more, 4 or more, 5 or
tions may comprise fragmenting one or more nucleic acid more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more,
molecules in a sample or subset of nucleic acid molecules to 11 or more, 12 or more, 13 or more, 14 or more, 15 or more,
produce one or more fragmented nucleic acid molecules. 55 20 or more, 25 or more, 30 or more, 35 or more, 40 or more,
The one or more nucleic acid molecules may be fragmented 45 or more, or 50 or more assays on a sample comprising
by sonication, needle shear, nebulisation, shearing (e.g., one or more nucleic acid molecules. The two or more assays
acoustic shearing, mechanical shearing, point-sink shear- may be different, similar, identical, or a combination thereof.
ing), passage through a French pressure cell, or enzymatic For example, the methods disclosed herein comprise con-
digestion. Enzymatic digestion may occur by nuclease 60 ducting two or more sequencing reactions. In another
digestion (e.g., micrococcal nuclease digestion, endonu- example, the methods disclosed herein comprise conducting
cleases, exonucleases, RNAse H or DNase I). Fragmentation two or more assays, wherein at least one of the two or more
of the one or more nucleic acid molecules may result in assays comprises a sequencing reaction. In yet another
fragment sized of about 100 base pairs to about 2000 base example, the methods disclosed herein comprise conducting
pairs, about 200 base pairs to about 1500 base pairs, about 65 two or more assays, wherein at least two of the two or more

200 base pairs to about 1000 base pairs, about 200 base pairs
to about 500 base pairs, about 500 base pairs to about 1500

assays comprises a sequencing reaction and a hybridization
reaction. The two or more assays may be performed sequen-
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tially, simultaneously, or a combination thereof. For
example, the two or more sequencing reactions may be
performed simultaneously. In another example, the methods
disclosed herein comprise conducting a hybridization reac-
tion, followed by a sequencing reaction. In yet another
example, the methods disclosed herein comprise conducting
two or more hybridization reactions simultaneously, fol-
lowed by conducting two or more sequencing reactions
simultaneously. The two or more assays may be performed
by one or more devices. For example, two or more ampli-
fication reactions may be performed by a PCR machine. In
another example, two or more sequencing reactions may be
performed by two or more sequencers.

The methods disclosed herein may further comprise pro-
viding individual sequence reads from individual distal
nucleic acids. For example, the individual sequence reads
can be obtained using an Illumina HiSeq or MiSeq system.
In another example, the individual sequence reads can be
obtained using a digital genotyping system.

Performance

The methods disclosed herein can detect one or more
genomic regions (i.e., copy number variation, or one or more
polymorphisms) with a specificity or sensitivity of about or
greater than about 50%, 55%, 60%, 65%, 70%, 75%, 76%,
77%, 78%, 79%, 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
99.5%, or a positive predictive value or negative predictive
value of about or at least about 80%, 85%, 90%, 95%,
95.5%, 96%, 96.5%, 97%, 97.5%, 98%, 98.5%, 99%, 99.5%
or more. The methods disclosed herein can detect one or
more genomic regions (i.e., copy number variation, or one or
more polymorphisms) with a specificity or sensitivity of
about or greater than about 50%. The methods disclosed
herein can diagnose a specific condition based on the
detected genomic regions such as copy number variation.
The methods can diagnose a specific condition with a
specificity or sensitivity of greater than 50%, 55%, 60%,
65%, 70%, 75%, 76%, 77%, 78%, 79%, 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 99.5%, or a positive predictive value or
negative predictive value of at least 80%, 85%, 90%, 95%,
95.5%, 96%, 96.5%, 97%, 97.5%, 98%, 98.5%, 99%, 99.5%
or more.

The methods disclosed herein may increase the sensitivity
or specificity when compared to the sensitivity or specificity
of current sequencing methods. For example without limi-
tation, in some cases, the combined whole exome sequenc-
ing and a whole genome sequencing reactions may increase
the sensitivity or specificity in detecting one or more copy
number variations or diagnosing a specific condition when
compared to the sensitivity or specificity of whole exome
sequencing alone. The sensitivity or specificity of the meth-
ods as described herein may increase by at least about 1%,
2%, 3%, 4%, 5%, 5.5%, 6%, 6.5%, 1%, 7.5%, 8%, 8.5%,
9%, 9.5%, 10%, 10.5%, 11%, 12%, 13%, 14%, 15%, 16%,
17%, 18% 19%, 20%, 25%, 30%, 35% 40%, 45%, 50%,
55%, 60%, 70%, 80%, 90%, 95%, 97% or more. The
sensitivity or specificity of the methods as described herein
may increase by at least about 4.5-20%, about 5-15%, about
7%-12%, or about 8%-10%. In some cases, the methods
disclosed herein may have a similar sensitivity or specificity
when compared to the sensitivity or specificity of a high
coverage whole genome sequencing alone.

In some cases, the methods as described herein comprise
combining an untargeted sequencing data (e.g., low cover-
age whole genome sequencing data) and one or more
target-specific sequencing data. The methods and system
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disclosed herein may have a sensitivity, specificity, positive
predictive value or negative predictive value that is similar
to a high coverage whole genome sequencing data alone.
The sensitivity, specificity, positive predictive value or nega-
tive predictive value may be for the detection of one or more
haplotypes, SNV, CNV or one or more polymorphisms. In
some cases, the methods as disclosed herein comprise untar-
geted sequencing data (e.g., a low coverage whole genome
sequencing data) that may have a sensitivity, specificity,
positive predictive value or negative predictive value that is
less than 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85% or 90% for one
or more SNV. In some cases, the methods as disclosed herein
may have a sensitivity, specificity, positive predictive value
or negative predictive value that is less than 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85% or 90% for one or more polymor-
phisms, specific genes or genomic regions. In some cases,
the untargeted sequencing (e.g., whole genome sequencing)
in the methods as disclosed herein may have a sensitivity,
specificity, positive predictive value or negative predictive
value that is less than 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85% or
90% for one or more SNV, one or more polymorphisms or
one or more specific genes or genomic regions. In some
cases, the target-specific sequencing data may have a sen-
sitivity, specificity, positive predictive value or negative
predictive value that is about, at least about or less than
about 50%, 55%, 60%, 65%, 70%, 75%, 76%, 77%, 78%,
79%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or 100%. In
some cases, the untargeted sequencing can have a sensitiv-
ity, specificity, positive predictive value or negative predic-
tive value that is between about 50% to 80%.

The methods disclosed herein can detect one or more
genomic regions (i.e., copy number variation, or one or more
polymorphisms) with an error rate of less than 0.5%, 1%,
1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 5.5%, 6%, 6.5%,
7%, 7.5%, 8%, 8.5%, 9%, 9.5%, 10% or less. The methods
disclosed herein can diagnose a specific condition based on
the detected genomic regions such as copy number varia-
tion. The methods can diagnose a specific condition with an
error rate of less than 0.5%, 1%, 1.5%, 2%, 2.5%, 3%, 3.5%,
4%, 4.5%, 5%, 5.5%, 6%, 6.5%, 7%, 7.5%, 88.5%, 9%,
9.5%, 10% or less.

The percent error of the methods as described herein may
be similar to current sequencing methods. For example,
without limitation, in some cases, the combined whole
exome sequencing and a whole genome sequencing reac-
tions may have a percent error rate in detecting one or more
copy number variations or diagnosing a specific condition
when compared to the sensitivity of whole exome sequenc-
ing alone. The current sequencing methods may be a high
coverage whole genome sequencing alone. The percent error
rate of the methods as described herein may be within about
0.001%, 0.002%, 0.003%, 0.004%, 0.005%, 0,006%,
0.007%, 0.008%, 0,009%, 0.01%, 0.02%, 0.03%, 0.04%,
0.05%, 0.06%, 0.07%, 0.08%, 0.09%, 1%, 1.1%, 1.2%,
1.3%, 1.4%, 1.5%, 1.6%, 1.7%, 1.8%, 1.9%, or 2% of the
current sequencing methods. The percent error rate of the
methods as described herein may be less than the percent
error rate of current sequencing methods. The percent error
rate of the methods as described herein may be at least about
10%, 9,%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1.75%, 1.5%,
1.25%, 1%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%,
0.2%, 0.1% less than the percent error rate of current
sequencing methods. The percent error rate of the methods
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as described herein may be less than about 2%, 1.75%,
1.5%, 1.25%, 1%, 0.75%, 0.50%, 0.25%, 0.10%, 0.075%,
0.050%, 0.025%, or 0.001%. In some cases, the methods
disclosed herein may have a similar percent error rate when
compared to the sensitivity or specificity of a high coverage
whole genome sequencing alone.

The error of the methods as described herein can be
determined as a Phred quality score. The Phred quality score
may be assigned to each base call in automated sequencer
traces and may be used to compare the efficacy of different
sequencing methods. The Phred quality score (Q) may be
defined as a property which is logarithmically related to the
base-calling error probabilities (P). The Phred quality score
(Q) may be calculated as Q=-10 log10P. The Phred quality
score of the methods as described herein may be similar to
the Phred quality score of current sequencing methods. For
example without limitation, in some cases, the combined
whole exome sequencing and a low coverage whole genome
sequencing reactions may have a similar Phred quality score
in detecting one or more copy number variations or diag-
nosing a specific condition when compared to the Phred
quality score of whole exome sequencing alone or a high
coverage whole genome sequencing alone. The Phred qual-
ity score of the methods as described herein may be within
1,2,3,4,5,6,7,8,9, 10 of the Phred quality score of the
methods as described herein. The Phred quality score of the
methods as described herein may be less than the Phred
quality score of the methods as described herein. The Phred
quality score of the methods as described herein may be at
least about 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 less than the Phred
quality score of the methods as described herein. The Phred
quality score of the methods as described herein may be
greater than 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 25, or 30, The Phred quality score of the methods as
described herein may be greater than 35, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, or
60. The Phred quality score of the methods as described
herein may be at least 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60
or more.

The accuracy of the one or more sequencing reactions
may be similar to current sequencing methods in detecting
and identifying one or more specific genomic regions. The
current sequencing methods can be a whole exome sequenc-
ing alone or a high coverage whole genome sequencing
alone. The accuracy of the methods as described herein may
be within about 0.001%, 0.002%, 0.003%, 0.004%, 0.005%,
0.006%, 0.007%, 0.008%, 0.009%, 0.01%, 0.02%, 0.03%,
0.04%, 0.05%, 0.06%, 0.07%, 0.08%, 0.09%, 1%, 1.1%,
1.2%, 1.3%, 1.4%, 1.5%, 1.6%, 1.7%, 1.8%, 1.9%, 2%,
2.25%, 2.5%, 2.75%, 3%, 3.25%, 3.5%, 3.75%, or 4% of the
current sequencing methods. The accuracy of the methods as
described herein may be greater than the accuracy of current
sequencing methods. The accuracy of the methods as
described herein may be at least about 0.001%, 0.002%,
0.003%, 0.004%, 0.005%, 0.006% 0.007%, 0.008%,
0.009%, 0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%,
0.07%, 0.08%, 0.09%, 1%, 1.1%, 1.2%, 1.3%, 1.4%, 1.5%,
1.6%, 1.7%, 1.8%, 1.9%, 2%, 2.25%, 2.5%, 2.75%, 3%,
3.25%, 3.5%, 3.75%, 4%, 4.5%, 5%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 15%, 17%, 20%, 25%, 30%, 35%, 40%, 50%, or
60% greater than the accuracy of current sequencing meth-
ods. The accuracy of the methods as described herein may
be greater than about 70%, 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98.25%, 98.5%, 98.75%,
99%, 99.25%, 99.5%, or 99.75%. The accuracy of the
methods as described herein may be greater than about
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99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%,
99.8%, 99.9%, 99.99%, or 90,999%.

The methods disclosed herein can generate an output data
identifying one or more specific genomic regions (i.e., copy
number variation, or one or more polymorphisms) in a
shorter time than a high coverage whole genome sequencing
alone. In some cases, the methods as described herein can
identify specific genomic regions in less than 1 month, 3.5
weeks, 3 weeks, 2.5 weeks, 2 weeks, 1.5 weeks or 1 week.
In some cases, the methods as described herein can identify
specific genomic regions in less than 6, 5, 4, 3, 2 or 1 days.
In some cases, the methods as described herein can identify
specific genomic regions in less than 24, 23, 22, 21, 20, 19,
18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8,7, 6, 5, 4, 3, 2 or 1
hours. In some cases, the methods as described herein can
identify specific genomic regions in less than 60, 59, 55, 50,
45, 40, 35, 30, 25, 20, 15, 10, 9, 8,7, 6, 5,4, 3, 2 or 1
minutes. In some cases, the methods as described herein can
identify specific genomic regions in less than 10 minutes. In
some cases, the methods as described herein can identify
specific genomic regions in less than 5 minutes.

The methods disclosed herein can generate an output data
identifying one or more specific genomic regions (i.e., copy
number variation, or one or more polymorphisms) more
economically or using less reagents than a high coverage
whole genome sequencing alone. In some cases, the meth-
ods as described herein can identify specific genomic
regions with 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%
less financial charges to the customers or less reagents for
sequencing reactions used.

Genomic Regions

The methods as disclosed herein may comprise, or com-
prise the use of, nucleic acid samples or subsets of nucleic
acid molecules comprising one or more genomic regions.
The methods as disclosed herein may comprise, or comprise
the use of, nucleic acid samples or subsets of nucleic acid
molecules comprising one or more sets of genomic regions.
The one or more genomic regions may comprise one or more
genomic region features. The genomic region features may
comprise an entire genome or a portion thereof. The
genomic region features may comprise an entire exome or a
portion thereof. The genomic region features may comprise
one or more sets of genes. The genomic region features may
comprise one or more genes. The genomic region features
may comprise one or more sets of regulatory elements. The
genomic region features may comprise one or more regu-
latory elements. The genomic region features may comprise
a set of polymorphisms. The genomic region features may
comprise one or more polymorphisms. The genomic region
feature may relate to the GC content, complexity, and/or
mappablity of one or more nucleic acid molecules. The
genomic region features may comprise one or more simple
tandem repeats (STRs), unstable expanding repeats, seg-
mental duplications, single and paired read degenerative
mapping scores, GRCh37 patches, or a combination thereof.
The genomic region features may comprise one or more low
mean coverage regions from whole genome sequencing
(WGS), zero mean coverage regions from WGS, validated
compressions, or a combination thereof. The genomic region
features may comprise one or more alternate or non-refer-
ence sequences. The genomic region features may comprise
one or more gene phasing and reassembly genes. In some
aspects of the disclosure, the one or more genomic region
features are not mutually exclusive. For example, a genomic
region feature comprising an entire genome or a portion
thereof can overlap with an additional genomic region
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feature such as an entire exome or a portion thereof, one or
more genes, one or more regulatory elements, etc. Alterna-
tively, the one or more genomic region futures are mutually
exclusive. For example, a genomic region comprising the
noncoding portion of an entire genome may not overlap with
a genomic region feature such as an exome or portion
thereof or the coding portion of a gene. Alternatively, or
additionally, the one or more genomic region features are
partially exclusive or partially inclusive. For example, a
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retrotransposon. Examples of LINEs include, but are not
limited to, LINE1 and LINE2. SINEs may comprise one or
more Alu sequences, one or more mammalian-wide inter-
spersed repeat (MIR), or a combination thereof. Class II TEs
(e.g., DNA transposons) often do not involve an RNA
intermediate. The DNA transposon is often cut from one site
and inserted into another site in the genome. Alternatively,
the DNA transposon is replicated and inserted into the
genome in a new position. Examples of DNA transposons

genomic region comprising an entire exome or a portion 10 include, but are not limited to, MER1, MER2, and mariners.
thereof can partially overlap with a genomic region com- Viral elements may comprise one or more endogenous
prising an exon portion of a gene. However, the genomic retrovirus sequences. Telomeres are often regions of repeti-
region comprising the entire exome or portion thereof may tive DNA at the end of a chromosome.
not overlap with the genomic region comprising the intron The methods as disclosed herein may comprise, or com-
portion of the gene. Thus, a genomic region feature com- 15 prise the use of, nucleic acid samples or subsets of nucleic
prising a gene or portion thereof may partially exclude acid molecules comprising one or more genomic regions,
and/or partially include a genomic region feature comprising wherein at least one of the one or more genomic regions
an entire exome or portion thereof. comprises a genomic region feature comprising an entire
The methods as disclosed herein may comprise, or com- exome or portion thereof. The exome is often the part of the
prise the use of, nucleic acid samples or subsets of nucleic 20 genome formed by exons. The exome may be formed by
acid molecules comprising one or more genomic regions, untranslated regions (UTRs), splice sites and/or intronic
wherein at least one of the one or more genomic regions regions. The entire exome or portion thereof may comprise
comprises a genomic region feature comprising an entire one or more exons of a protein coding gene. The entire
genome or portion thereof. The entire genome or portion exome or portion thereof may comprise one or more
thereof may comprise one or more coding portions of the 25 untranslated regions (UTRs), splice sites, and introns.
genome, one or more noncoding portions of the genome, or The methods as disclosed herein may comprise, or com-
a combination thereof. The coding portion of the genome prise the use of, nucleic acid samples or subsets of nucleic
may comprise one or more coding portions of a gene acid molecules comprising one or more genomic regions,
encoding for one or more proteins. The one or more coding wherein at least one of the one or more genomic regions
portions of the genome may comprise an entire exome or a 30 comprises a genomic region feature comprising a gene or
portion thereof. Alternatively, or additionally, the one or portion thereof. Typically, a gene comprises stretches of
more coding portions of the genome may comprise one or nucleic acids that code for a polypeptide or a functional
more exons. The one or more noncoding portions of the RNA. A gene may comprise one or more exons, one or more
genome may comprise one or more noncoding molecules or introns, one or more untranslated regions (UTRs), or a
a portion thereof. The noncoding molecules may comprise 35 combination thereof, Exons are often coding sections of a
one or more noncoding RNA, one or more regulatory gene, transcribed into a precursor mRNA sequence, and
elements, one or more introns, one or more pseudogenes, within the final mature RNA product of the gene. Introns are
one or more repeat sequences, one or more transposons, one often noncoding sections of a gene, transcribed into a
or more viral elements, one or more telomeres, a portion precursor mRNA sequence, and removed by RNA splicing.
thereof, or a combination thereof. The noncoding RNAs 40 UTRs may refer to sections on each side of a coding
may be functional RNA molecules that are not translated sequence on a strand of mMRNA. A DTR located on the 5' side
into protein. Examples of noncoding RNAs include, but are of a coding sequence may be called the 5' UTR (or leader
not limited to, ribosomal RNA, transfer RNA, piwi-inter- sequence). A UM located on the 3' side of a coding sequence
acting RNA, microRNA, siRNA, shRNA, snoRNA, may be called the 3' UTR (or trailer sequence). The UTR
sncRNA, and IncRNA. 45 may contain one or more elements for controlling gene
Pseudogenes may be related to known genes and are expression. Elements, such as regulatory elements, may be
typically no longer expressed. Repeat sequences may com- located in the 5' UTR. Regulatory sequences, such as a
prise one or more tandem repeats, one or more interspersed polyadenylation signal, binding sites for proteins, and bind-
repeats, or a combination thereof. Tandem repeats may ing sites for miRNAs, may be located in the 3' UTR. Binding
comprise one or more satellite DNA, one or more minisat- 50 sites for proteins located in the 3' UTR may include, but are
ellites, one or more microsatellites, or a combination not limited to, selenocysteine insertion sequence (SECIS)
thereof. Interspersed repeats may comprise one or more elements and AU-rich elements (AREs), SECIS elements
transposons. Transposons may be mobile genetic elements. may direct a ribosome to translate the codon UGA as
Mobile genetic elements are often able to change their selenocysteine rather than as a stop codon. AREs are often
position within the genome. Transposons may be classified 55 stretches consisting primarily of adenine and uracil nucleo-
as class I transposable elements (class I TEs) or class II tides, which may affect the stability of an mRNA.
transposable elements (class II TEs), Class I TEs (e.g., The methods as disclosed herein may comprise, or com-
retrotransposons) may often copy themselves in two stages, prise the use of, nucleic acid samples or subsets of nucleic
first from DNA to RNA by transcription, then from RNA acid molecules comprising one or more genomic regions,
back to DNA by reverse transcription. The DNA copy may 60 wherein at least one of the one or more genomic regions
then be inserted into the genome in a new position. Class I comprises a genomic region feature comprising a set of
TEs may comprise one or more long terminal repeats genes. The sets of genes may include, but are not limited to,
(LTRs), one or more long interspersed nuclear elements Mendel DB Genes, Human Gene Mutation Database
(LINEs), one or more short interspersed nuclear elements (HGMD) Genes, Cancer Gene Census Genes, Online Men-
(SINEs), or a combination thereof. Examples of I'TRs 65 delian Inheritance in Man (OMIM) Mendelian Genes,

include, but are not limited to, human endogenous retrovi-
ruses (HERVs), medium reiterated repeats 4 (MER4), and

HGMD Mendelian Genes, and human leukocyte antigen
(HLA) Genes. The set of genes may have one or more
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known Mendelian traits, one or more known disease traits,
one or more known drug traits, one or more known bio-
medically interpretable variants, or a combination thereof. A
Mendelian trait may be controlled by a single locus and may
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as the wildtype form, Diploid organisms may be homozy-
gous or heterozygous for allelic forms, A diallelic polymor-
phism has two forms. A triallelic polymorphism has three
forms. Single nucleotide polymorphisms (SNPs) are a form

show a Mendelian inheritance pattern. A set of genes with 5 of polymorphisms. In some aspects of the disclosure, one or
known Mendelian traits may comprise one or more genes more polymorphisms comprise one or more single nucleo-
encoding Mendelian traits including, but are not limited to, tide variations, inDels, small insertions, small deletions,
ability to taste phenylthiocarbamide (dominant), ability to structural variant junctions, variable length tandem repeats,
smell (bitter almond-like) hydrogen cyanide (recessive), flanking sequences, or a combination thereof. The one or
albinism (recessive), brachydactyly (shortness of fingers and 10 more polymorphisms may be located within a coding and/or
toes), and wet (dominant) or dry (recessive) earwax. A non-coding region. The one or more polymorphisms may be
disease trait cause or increase risk of disease may be located within, around, or near a gene, exon, intron, splice
inherited in a Mendelian or complex pattern. A set of genes site, untranslated region, or a combination thereof. The one
with known disease traits may comprise one or more genes or more polymorphisms may span at least a portion of a
encoding disease traits including, but are not limited to, 15 gene, exon, intron, untranslated region.
Cystic Fibrosis, Hemophilia, and Lynch Syndrome. A drug The methods as disclosed herein may comprise, or com-
trait may alter metabolism, optimal dose, adverse reactions prise the use of, nucleic acid samples or subsets of nucleic
and side effects of one or more drugs or family of drugs. A acid molecules comprising one or more genomic regions,
set of genes with known drug traits may comprise one or wherein at least one of the one or more genomic regions
more genes encoding drug traits including, but are not 20 comprises a genomic region feature comprising one or more
limited to, CYP2D6, UGT1A1 and ADRB1, A biomedically simple tandem repeats (STRs), unstable expanding repeats,
interpretable variant may be a polymorphism in a gene that segmental duplications, single and paired read degenerative
is associated with a disease or indication. A set of genes with mapping scores, GRCh37 patches, or a combination thereof.
known biomedically interpretable variants may comprise The one or more STRs may comprise one or more homopo-
one or more genes encoding biomedically interpretable 25 lymers, one or more dinucleotide repeats, one or more
variants including, but are not limited to, cystic fibrosis (CF) trinucleotide repeats, or a combination thereof. The one or
mutations, muscular dystrophy mutations, p53 mutations, more homopolymers may be about 7, 8,9, 10, 11, 12, 13, 14,
Rb mutations, cell cycle regulators, receptors, and kinases. 15, 16, 17, 18, 19, 20 or more bases or base pairs. The
Alternatively, or additionally, a set of genes with known dinucleotide repeats and/or trinucleotide repeats may be
biomedically interpretable variants may comprise one or 30 about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
more genes associated with Huntington’s disease, cancer, 29, 30, 35, 40, 45, 50 or more bases or base pairs. The single
cystic fibrosis, muscular dystrophy (e.g., Duchenne muscu- and paired read degenerative mapping scores may be based
lar dystrophy). on or derived from alignability of 100mers by GEM from
The methods as disclosed herein may comprise, or com- ENCODE/CRG (Guigo), alignability of 75mers by GEM
prise the use of, nucleic acid samples or subsets of nucleic 35 from ENCODE/CRG (Guigo), 100 base pair box car aver-
acid molecules comprising one or more genomic regions, age for signal mappability, max of locus and possible pairs
wherein at least one of the one or more genomic regions for paired read score, or a combination thereof. The genomic
comprises a genomic region feature comprising a regulatory region features may comprise one or more low mean cov-
element or a portion thereof. Regulatory elements may be erage regions from whole genome sequencing (WGS), zero
cis-regulatory elements or trans-regulatory elements. Cis- 40 mean coverage regions from WGS, validated compressions,
regulatory elements may be sequences that control transcrip- or a combination thereof. The low mean coverage regions
tion of a nearby gene. Cis-regulatory elements may be from WGS may comprise regions generated from Illumina
located in the 5' or 3' untranslated regions (UIRs) or within v3 chemistry, regions below the first percentile of Poission
introns. Trans-regulatory elements may control transcription distribution based on mean coverage, or a combination
of a distant gene, Regulatory elements may comprise one or 45 thereof. The Zero mean coverage regions from WGS may
more promoters, one or more enhancers, or a combination comprise regions generated from Illumina v3 chemistry. The
thereof. Promoters may facilitate transcription of a particular validated compressions may comprise regions of high
gene and may be found upstream of a coding region. mapped depth, regions with two or more observed haplo-
Enhancers may exert distant effects on the transcription level types, regions expected to be missing repeats in a reference,
of a gene. 50 or a combination thereof. The genomic region features may
The methods as disclosed herein may comprise, or com- comprise one or more alternate or non-reference sequences.
prise the use of, nucleic acid samples or subsets of nucleic The one or more alternate or non-reference sequences may
acid molecules comprising one or more genomic regions, comprise known structural variant junctions, known inser-
wherein at least one of the one or more genomic regions tions, known deletions, alternate haplotypes, or a combina-
comprises a genomic region feature comprising a polymor- 55 tion thereof. The genomic region features may comprise one
phism or a portion thereof. Generally, a polymorphism refers or more gene phasing and reassembly genes. Examples of
to a mutation in a genotype. A polymorphism may comprise phasing and reassembly genes include, but are not limited to,
one or more base changes, an insertion, a repeat, or a one or more major histocompatibility complexes, blood
deletion of one or more bases. Copy number variants typing, and amylase gene family. The one or more major
(CNVs), transversions, and other rearrangements are also 60 histocompatibility complexes may comprise one or more
forms of genetic variation. Polymorphic markers include HLA Class I, HLA Class II, or a combination thereof. The
restriction fragment length polymorphisms, variable number one or more HLA class I may comprise HLA-A, HLA-B,
of tandem repeats (VNTR’s), hypervariable regions, mini- HLA-C, or a combination thereof. The one or more HLA
satellites, dinucleotide repeats, trinucleotide repeats, tetra- class II may comprise HLA-DP, HLA-DM, HLA-DOA,
nucleotide repeats, simple sequence repeats, and insertion 65 HLA-DOB, HLA-DQ, HLA-DR, or a combination thereof.

elements such as Alu. The allelic form occurring most
frequently in a selected population is sometimes referred to

The blood typing genes may comprise ABO, RHD, RHCE,
or a combination thereof.
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The methods as disclosed herein may comprise, or com-
prise the use of, nucleic acid samples or subsets of nucleic
acid molecules comprising one or more genomic regions,
wherein at least one of the one or more genomic regions
comprises a genomic region feature related to the GC
content of one or more nucleic acid molecules. The GC
content may refer to the GC content of a nucleic acid
molecule. Alternatively, the GC content may refer to the GC
content of one or more nucleic acid molecules and may be
referred to as the mean GC content. As used herein, the
terms “GC content” and “mean GC content” may be used
interchangeably. The GC content of a genomic region may
be a high GC content. Typically, a high GC content refers to
a GC content of greater than or equal to about 65%, 70%,

34

more, 12 or more, 13 or more, 14 or more, or 15 or more
genomic region features. The two or more genomic regions
may comprise 1 or more, 2 or more, 3 or more, 4 or more,
5 or more, 6 or more, 7 or more, 8 or more, 9 or more, 10
or more, 11 or more, 12 or more, 13 or more, 14 or more, 15
or more, 20 or more, 25 or more, 30 or more, 35 or more,
40 or more, 50 or more, 60 or more, 70 or more, 80 or more,
90 or more, or 100 or more genomic region features. In some
aspects of the disclosure, two or more genomic regions
comprise 1 or more, 2 or more, 3 or more, 4 or more, 5 or
more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more,
11 or more, 12 or more, 13 or more, 14 or more, or 15 or
more genomic region features. The one or more genomic
regions may comprise 1 or more, 2 or more, 3 or more, 4 or

75%, 80%, 85%, 90%, 95%, 97%, or more. In some aspects 15 more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more,
of the disclosure, a high GC content may refer to a GC 10 or more, 11 or more, 12 or more, 13 or more, 14 or more,
content of greater than or equal to about 70%. The GC 15 or more, 20 or more, 25 or more, 30 or more, 35 or more,
content of a genomic region may be a low GC content. 40 or more, 50 or more, 60 or more, 70 or more, 80 or more,
Typically, a low GC content refers to a GC content of less 90 or more, or 100 or more identical or similar genomic
than or equal to about 65%, 60%, 55%, 50%, 45%, 40%, 20 region features. Alternatively, or additionally, two or more
35%, 30%, 25%, 20%, 15%, 10%, 5%, 2%, or less. genomic regions comprise 1 or more, 2 or more, 3 or more,
The difference in GC content may be used to differentiate 4 or more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or
two or more genomic regions or two or more subsets of more, 10 or more, 11 or more, 12 or more, 13 or more, 14
nucleic acid molecules. The difference in GC content may or more, or 15 or more genomic region features. The one or
refer to the difference in GC content of one nucleic acid 25 more genomic regions may comprise 1 or more, 2 or more,
molecule and another nucleic acid molecule. Alternatively, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or
the difference in GC content may refer to the difference in more, 9 or more, 10 or more, 11 or more, 12 or more, 13 or
mean GC content of two or more nucleic acid molecules in more, 14 or more, 15 or more, 20 or more, 25 or more, 30
a genomic region from the mean GC content of two or more or more, 35 or more, 40 or more, 50 or more, 60 or more,
nucleic acid molecules in another genomic region. In some 30 70 or more, 80 or more, 90 or more, or 100 or more different
aspects of the disclosure, the difference in GC content refers genomic region features.
to the difference in mean GC content of two or more nucleic The methods as disclosed herein may comprise, or com-
acid molecules in a subset of nucleic acid molecules from prise the use of, nucleic acid samples or subsets of nucleic
the mean GC content of two or more nucleic acid molecules acid molecules comprising two or more genomic regions,
in another subset of nucleic acid molecules. The difference 35 wherein the two or more genomic regions are differentiate-
in GC content may be about 5%, 6%, 7%, 8%, 9%, 10%, able by one or more genomic region features. The methods
15%, 20%, 25%, 30%, 35%, 40%, or more. In some aspects as disclosed herein may comprise, or comprise the use of,
of the disclosure, the difference in GC content is at least nucleic acid samples or subsets of nucleic acid molecules
about 5%. The difference in GC content may be at least comprising two or more subsets of nucleic acid molecules,
about 10%. 40 wherein the two or more subsets of nucleic acid molecules
The methods as disclosed herein may comprise, or com- are differentiateable by one or more genomic region fea-
prise the use of, nucleic acid samples or subsets of nucleic tures. The two or more genomic regions and/or the two or
acid molecules comprising one or more genomic regions, more subsets of nucleic acid molecules may be differenti-
wherein at least one of the one or more genomic regions ateable by 1 or more, 2 or more, 3 or more, 4 or more, 5 or
comprises a genomic region feature related to the complex- 45 more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more,
ity of one or more nucleic acid molecules. The complexity 11 or more, 12 or more, 13 or more, 14 or more, or 15 or
of a nucleic acid molecule may refer to the randomness of more genomic region features. The one or more genomic
a nucleotide sequence. Low complexity may refer to pat- regions may comprise 1 or more, 2 or more, 3 or more, 4 or
terns, repeats and/or depletion of one or more species of more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or more,
nucleotide in the sequence. 50 10 or more, 11 or more, 12 or more, 13 or more, 14 or more,
The methods as disclosed herein may comprise, or com- 15 or more, 20 or more, 25 or more, or 30 or more genomic
prise the use of, nucleic acid samples or subsets of nucleic region features.
acid molecules comprising one or more genomic regions, The methods as disclosed herein may comprise, or com-
wherein at least one of the one or more genomic regions prise the use of, nucleic acid samples or subsets of nucleic
comprises a genomic region feature related to the mappa- 55 acid molecules comprising one or more sets of genomic
blity of one or more nucleic acid molecules. The mappability regions. For example. The methods as disclosed herein may,
of a nucleic acid molecule may refer to uniqueness of its or comprise the use of, comprise nucleic acid samples or
alignment to a reference sequence. A nucleic acid molecule subsets of nucleic acid molecules comprising, 1 or more, 2
with low mappability may have poor alignment to a refer- or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or
ence sequence. 60 more, 8 or more, 9 or more, 10 or more, 11 or more, 12 or
The methods as disclosed herein may comprise, or com- more, 13 or more, 14 or more, 15 or more, 20 or more, 25
prise the use of, nucleic acid samples or subsets of nucleic or more, 30 or more, 35 or more, 40 or more, 50 or more,
acid molecules comprising one or more genomic regions 60 or more, 70 or more, 80 or more, 90 or more, or 100 or
comprising one or more genomic region features. In some more sets of genomic regions. The one or more sets of
aspects of the disclosure, a single genomic region comprises 65 genomic regions may comprise 1 or more, 2 or more, 3 or

1 or more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or
more, 7 or more, 8 or more, 9 or more, 10 or more, 11 or

more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or more,
9 or more, 10 or more, 11 or more, 12 or more, 13 or more,
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14 or more, 15 or more, 20 or more, 25 or more, 30 or more,
35 or more, 40 or more, 50 or more, 60 or more, 70 or more,
80 or more, 90 or more, or 100 or more different genomic
regions. The one or more sets of genomic regions may
comprise 1 or more, 2 or more, 3 or more, 4 or more, 5 or
more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more,
11 or more, 12 or more, 13 or more, 14 or more, 15 or more,
20 or more, 25 or more, 30 or more, 35 or more, 40 or more,
50 or more, 60 or more, 70 or more, 80 or more, 90 or more,

5
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400 or more, 500 or more, 600 or more, 700 or more, 800
or more, 900 or more, or 1000 or more nucleotides. The
capture probes may comprise about 100 nucleotides. The
capture probes may comprise between about 10 to about 500
nucleotides, between about 20 to about 450 nucleotides,
between about 30 to about 400 nucleotides, between about
40 to about 350 nucleotides, between about 50 to about 300
nucleotides, between about 60 to about 250 nucleotides,
between about 70 to about 200 nucleotides, or between

or 100 or more identical or similar genomic regions. The one 10 about 80 to about 150 nucleotides. In some aspects of the
or more sets of genomic regions may comprise a combina- disclosure, the capture probes comprise between about 80
tion of one or more different genomic regions and one or nucleotides to about 100 nucleotides.
more identical or similar genomic regions. The plurality of capture probes or the capture probe sets
The methods as disclosed herein may comprise, or com- may comprise two or more capture probes with identical,
prise the use of, nucleic acid samples or subsets of nucleic 15 similar, and/or different nucleic acid binding site sequences,
acid molecules comprising one or more genomic regions, linkers, and/or labels. For example, two or more capture
wherein at least one of the one or more genomic regions probes comprise identical nucleic acid binding sites. In
comprises a genomic region with higher mutation rates. In another example, two or more capture probes comprise
some cases, the methods may comprise sequencing one or similar nucleic acid binding sites. In yet another example,
more genomic mutation hot spots. For example, the muta- 20 two or more capture probes comprise different nucleic acid
tion rates in the genomic mutation hot spots are 1 or more, binding sites. The two or more capture probes may further
2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or comprise one or more linkers. The two or more capture
more, 8 or more, 9 or more, 10 or more, 11 or more, 12 or probes may further comprise different linkers. The two or
more, 13 or more, 14 or more, 15 or more, 20 or more, 25 more capture probes may further comprise similar linkers.
or more, 30 or more, 35 or more, 40 or more, 50 or more, 25 The two or more capture probes may further comprise
60 or more, 70 or more, 80 or more, 90 or more, or 100 or identical linkers. The two or more capture probes may
more times than the average mutation rates across the further comprise one or more labels. The two or more
genome. capture probes may further comprise different labels. The
Capture Probes two or more capture probes may further comprise similar
The methods disclosed herein may comprise, or comprise 30 labels. The two or more capture probes may further com-
the use of, one or more capture probes, a plurality of capture prise identical labels.
probes, or one or more capture probe sets. Typically, the Diseases or Conditions
capture probe comprises a nucleic acid binding site. The The methods as disclosed herein may comprise, or com-
capture probe may further comprise one or more linkers. The prise the use of, predicting, diagnosing, and/or prognosing a
capture probes may further comprise one or more labels. The 35 status or outcome of a disease or condition in a subject based
one or more linkers may attach the one or more labels to the on one or more biomedical outputs. Predicting, diagnosing,
nucleic acid binding site. and/or prognosing a status or outcome of a disease in a
The methods disclosed herein may comprise, or comprise subject may comprise diagnosing a disease or condition,
the use of, 1 or more, 2 or more, 3 or more, 4 or more, 5 or identifying a disease or condition, determining the stage of
more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more, 40 a disease or condition, assessing the risk of a disease or
20 or more, 30 or more, 40 or more, 50 or more, 60 or more, condition, assessing the risk of disease recurrence, assessing
70 or more, 80 or more, 90 or more, 100 or more, 125 or reproductive risk, assessing genetic risk to a fetus, assessing
more, 150 or more, 175 or more, 200 or more, 250 or more, the efficacy of a drug, assessing risk of an adverse drug
300 or more, 350 or more, 400 or more, 500 or more, 600 reaction, predicting optimal drug dosage, predicting drug
or more, 700 or more, 800 or more, 900 or more, or 1000 or 45 resistance, or a combination thereof.
more one or more capture probes or capture probe sets. The The samples disclosed herein may be from a subject
one or more capture probes or capture probe sets may be suffering from a cancer. The sample may comprise malig-
different, similar, identical, or a combination thereof. nant tissue, benign tissue, or a mixture thereof. The cancer
The one or more capture probe may comprise a nucleic may be a recurrent and/or refractory cancer. Examples of
acid binding site that hybridizes to at least a portion of the 50 cancers include, but are not limited to, sarcomas, carcino-
one or more nucleic acid molecules or variant or derivative mas, lymphomas or leukemias.
thereof in the sample or subset of nucleic acid molecules. Sarcomas are cancers of the bone, cartilage, fat, muscle,
The capture probes may comprise a nucleic acid binding site blood vessels, or other connective or supportive tissue.
that hybridizes to one or more genomic regions. The capture Sarcomas include, but are not limited to, bone cancer,
probes may hybridize to different, similar, and/or identical 55 fibrosarcoma, chondrosarcoma, Ewing’s sarcoma, malig-
genomic regions. The one or more capture probes may be at nant hemangioendothelioma, malignant schwannoma, bilat-
least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, eral vestibular schwannoma, osteosarcoma, soft tissue sar-
90%, 95%, 97%, 99% or more complementary to the one or comas (e.g., alveolar soft part sarcoma, angiosarcoma,
more nucleic acid molecules or variants or derivatives cystosarcoma phylloides, dermatofibrosarcoma, desmoid
thereof. 60 tumor, epithelioid sarcoma, extraskeletal osteosarcoma,
The capture probes may comprise one or more nucleo- fibrosarcoma, hemangiopericytoma, hemangiosarcoma,
tides. The capture probes may comprise 1 or more, 2 or Kaposi’s sarcoma, leiomyosarcoma, liposarcoma, lymp-
more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, hangiosarcoma, lymphosarcoma, malignant fibrous histio-
8 or more, 9 or more, 10 or more, 20 or more, 30 or more, cytoma, neurofibrosarcoma, rhabdomyosarcoma, and syn-
40 or more, 50 or more, 60 or more, 70 or more, 80 or more, 65 ovial sarcoma).

90 or more, 100 or more, 125 or more, 150 or more, 175 or
more, 200 or more, 250 or more, 300 or more, 350 or more,

Carcinomas are cancers that begin in the epithelial cells,
which are cells that cover the surface of the body, produce
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hormones, and make up glands. By way of non-limiting
example, carcinomas include breast cancer, pancreatic can-
cer, lung cancer, colon cancer, colorectal cancer, rectal
cancer, kidney cancer, bladder cancer, stomach cancer, pros-
tate cancer, liver cancer, ovarian cancer, brain cancer, vagi-
nal cancer, vulvar cancer, uterine cancer, oral cancer, penile
cancer, testicular cancer, esophageal cancer, skin cancer,
cancer of the fallopian tubes, head and neck cancer, gastro-
intestinal stromal cancer, adenocarcinoma, cutaneous or
intraocular melanoma, cancer of the anal region, cancer of
the small intestine, cancer of the endocrine system, cancer of
the thyroid gland, cancer of the parathyroid gland, cancer of
the adrenal gland, cancer of the urethra, cancer of the renal
pelvis, cancer of the ureter, cancer of the endometrium,
cancer of the cervix, cancer of the pituitary gland, neoplasms
of the central nervous system (CNS), primary CNS lym-
phoma, brain stem glioma, and spinal axis tumors. The
cancer may be a skin cancer, such as a basal cell carcinoma,
squamous, melanoma, nonmelanoma, or actinic (solar) kera-
tosis.

The cancer may be a lung cancer. Lung cancer can start
in the airways that branch off the trachea to supply the lungs
(bronchi) or the small air sacs of the lung (the alveoli). Lung
cancers include non-small cell lung carcinoma (NSCLC),
small cell lung carcinoma, and mesothelioma. Examples of
NSCLC include squamous cell carcinoma, adenocarcinoma,
and large cell carcinoma. The mesothelioma may be a
cancerous tumor of the lining of the lung and chest cavity
(pleura) or lining of the abdomen (peritoneum). The meso-
thelioma may be due to asbestos exposure. The cancer may
be a brain cancer, such as a glioblastoma.

Alternatively, the cancer may be a central nervous system
(CNS) tumor. CNS tumors may be classified as gliomas or
nongliomas. The glioma may be malignant glioma, high
grade glioma, diffuse intrinsic pontine glioma. Examples of
gliomas include astrocytomas, oligodendrogliomas (or mix-
tures of oligodendroglioma and astrocytoma elements), and
ependymomas. Astrocytomas include, but are not limited to,
low-grade astrocytomas, anaplastic astrocytomas, glioblas-
toma multiforme, pilocytic astrocytoma, pleomorphic xan-
thoastrocytoma, and subependymal giant cell astrocytoma.
Oligodendrogliomas include low-grade oligodendrogliomas
(or oligoastrocytomas) and anaplastic oligodendriogliomas.
Nongliomas include meningiomas, pituitary adenomas, pri-
mary CNS lymphomas, and medulloblastomas. The cancer
may be a meningioma.

The leukemia may be an acute lymphocytic leukemia,
acute myelocytic leukemia, chronic lymphocytic leukemia,
or chronic myelocytic leukemia. Additional types of leuke-
mias include hairy cell leukemia, chronic myelomonocytic
leukemia, and juvenile myelomonocytic leukemia.

Lymphomas are cancers of the lymphocytes and may
develop from either B or T lymphocytes. The two major
types of lymphoma are Hodgkin’s lymphoma, previously
known as Hodgkin’s disease, and non-Hodgkin’s lym-
phoma. Hodgkin’s lymphoma is marked by the presence of
the Reed-Sternberg cell. Non-Hodgkin’s lymphomas are all
lymphomas which are not Hodgkin’s lymphoma. Non-
Hodgkin lymphomas may be indolent lymphomas and
aggressive  lymphomas. Non-Hodgkin’s lymphomas
include, but are not limited to, diffuse large B cell lym-
phoma, follicular lymphoma, mucosa-associated lymphatic
tissue lymphoma (MALT), small cell lymphocytic lym-
phoma, mantle cell lymphoma, Burkitt’s lymphoma, medi-
astinal large B cell lymphoma, Waldenstrém macroglobu-
linemia, nodal marginal zone B cell lymphoma (NMZL),
splenic marginal zone lymphoma (SMZL), extranodal mar-
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ginal zone B cell lymphoma, intravascular large B cell
lymphoma, primary effusion lymphoma, and lymphomatoid
granulomatosis.

Additional diseases and/or conditions include, but are not
limited to, atherosclerosis, inflammatory diseases, autoim-
mune diseases, rheumatic heart disease. Examples of inflam-
matory diseases include, but are not limited to, acne vul-
garis, Alzheimer’s, ankylosing spondylitis, arthritis
(osteoarthritis, rheumatoid arthritis (RA), psoriatic arthritis),
asthma, atherosclerosis, celiac disease, chronic prostatitis,
Crohn’s disease, colitis, dermatitis, diverticulitis, fibromyal-
gia, glomerulonephritis, hepatitis, irritable bowel syndrome
(IBS), systemic lupus erythematous (SLE), nephritis, Par-
kinson’s disease, pelvic inflammatory disease, sarcoidosis,
ulcerative colitis, and vasculitis.

Examples of autoimmune diseases include, but are not
limited to, acute disseminated encephalomyelitis (ADEM),
Addison’s disease, agammaglobulinemia, alopecia areata,
amyotrophic Lateral Sclerosis, ankylosing spondylitis,
antiphospholipid syndrome, antisynthetase syndrome,
atopic allergy, atopic dermatitis, autoimmune aplastic ane-
mia, autoimmune cardiomyopathy, autoimmune enteropa-
thy, autoimmune hemolytic anemia, autoimmune hepatitis,
autoimmune inner ear disease, autoimmune lymphoprolif-
erative syndrome, autoimmune peripheral neuropathy, auto-
immune pancreatitis, autoimmune polyendocrine syndrome,
autoimmune progesterone dermatitis, autoimmune thrombo-
cytopenic purpura, autoimmune urticaria, autoimmune
uveitis, Balo disease/Balo concentric sclerosis, Behget’s
disease, Berger’s disease, Bickerstaffs encephalitis, Blau
syndrome, bullous pemphigoid, Castleman’s disease, celiac
disease, Chagas disease, chronic inflammatory demyelinat-
ing polyneuropathy, chronic recurrent multifocal osteomy-
elitis, chronic obstructive pulmonary disease, Churg-Strauss
syndrome, cicatricial pemphigoid, Cogan syndrome, cold
agglutinin disease, complement component 2 deficiency,
contact dermatitis, cranial arteritis, CREST syndrome,
Crohn’s disease, Cushing’s syndrome, cutaneous leukocy-
toclastic angiitis, Dego’s disease, Dercum’s disease, derma-
titis herpetiformis, dermatomyositis, diabetes mellitus type
1, diffuse cutaneous systemic sclerosis, Dressler’s syn-
drome, drug-induced lupus, discoid lupus erythematosus,
eczema, endometriosis, enthesitis-related arthritis, eosino-
philic fasciitis, eosinophilic gastroenteritisvepidermolysis
bullosa acquisita, erythema nodosum, erythroblastosis feta-
lis, essential mixed cryoglobulinemia, Evan’s syndrome,
fibrodysplasia ossificans progressiva, fibrosing alveolitis (or
idiopathic pulmonary fibrosis), gastritis, gastrointestinal
pemphigoid, giant cell arteritis, glomerulonephritis, Good-
pasture’s syndrome, Graves’ disease, Guillain-Barré syn-
drome (GBS), Hashimoto’s encephalopathy, Hashimoto’s
thyroiditis, Henoch-Schonlein purpura, herpes gestationis
aka gestational pemphigoid, hidradenitis suppurativa,
Hughes-Stovin syndrome, hypogammaglobulinemia, idio-
pathic inflammatory demyelinating diseases, idiopathic pul-
monary fibrosis, IgA nephropathy, inclusion body myositis,
chronic inflammatory demyelinating polyneuropathyvinter-
stitial cystitis, juvenile idiopathic arthritis aka juvenile rheu-
matoid arthritis, Kawasaki’s disease, Lambert-Eaton myas-
thenic syndrome, leukocytoclastic vasculitis, Lichen planus,
Lichen sclerosus, linear IgA disease (LAD), Lou Gehrig’s
disease (Also Amyotrophic lateral sclerosis), lupoid hepati-
tis aka autoimmune hepatitis, lupus erythematosus, Majeed
syndrome, Meniere’s disease, microscopic polyangiitis,
mixed connective tissue disease, morphea, Mucha-Haber-
mann disease, multiple sclerosis, myasthenia gravis, myo-
sitis, neuromyelitis optica (also Devic’s disease), neuromyo-

Foresight EX1212
Foresight v Personalis
IPR2023-00224



US 11,584,968 B2

39

tonia, occular cicatricial pemphigoid, opsoclonus
myoclonus syndrome, Ord’s thyroiditis, palindromic rheu-
matism, PANDAS (pediatric autoimmune neuropsychiatric
disorders associated with streptococcus), paraneoplastic cer-
ebellar degeneration, paroxysmal nocturnal hemoglobinuria
(PNH), Parry Romberg syndrome, Parsonage-Turner syn-
drome, Pars planitis, pemphigus vulgaris, pernicious anae-
mia, perivenous encephalomyelitis, POEMS syndrome, pol-
yarteritis nodosa, polymyalgia rheumatica, polymyositis,
primary biliary cirrhosis, primary sclerosing cholangitis,
progressive inflammatory neuropathy, psoriasis, psoriatic
arthritis, pyoderma gangrenosum, pure red cell aplasia,
Rasmussen’s encephalitis, Raynaud phenomenon, relapsing
polychondritis, Reiter’s syndrome, restless leg syndrome,
retroperitoneal fibrosis, rheumatoid arthritis, rheumatic
fever, sarcoidosis, Schmidt syndrome another form of APS,
Schnitzler syndrome, scleritis, scleroderma, serum sickness,
Sjogren’s syndrome, spondyloarthropathy, Stiff person syn-
drome, subacute bacterial endocarditis (SHE), Susac’s syn-
drome, Sweet’s syndrome, sympathetic ophthalmia, Takaya-
su’s arteritis, temporal arteritis (also known as “giant cell
arteritis”), thrombocytopenia, Tolosa-Hunt syndrome, trans-
verse myelitis, ulcerative colitis, undifferentiated connective
tissue disease different from mixed connective tissue dis-
ease, undifferentiated spondyloarthropathy, urticarial vascu-
litis, vasculitis, vitiligo, and Wegener’s granulomatosis.

The methods as provided herein may also be useful for
detecting, monitoring, diagnosing and/or predicting a sub-
ject’s response to an implanted device. Exemplary medical
devices include but are not limited to stents, replacement
heart valves, implanted cerebella stimulators, hip replace-
ment joints, breast implants, and knee implants.

The methods as disclosed herein may be used for moni-
toring the health of a fetus using whole or partial genome
analysis of nucleic acids derived from a fetus, as compared
to the maternal genome. For example, nucleic acids can be
useful in pregnant subjects for fetal diagnostics, with fetal
nucleic acids serving as a marker for gender, rhesus D status,
fetal aneuploidy, and sex-linked disorders. The methods as
disclosed herein may identify fetal mutations or genetic
abnormalities. The methods as disclosed herein can enable
detection of extra or missing chromosomes, particularly
those typically associated with birth defects or miscarriage.
The methods as disclosed herein may comprise, or comprise
the use of, the diagnosis, prediction or monitoring of auto-
somal trisomies (e.g., Trisomy 13, 15, 16, 18, 21, or 22) and
may be based on the detection of foreign molecules. The
trisomy may be associated with an increased chance of
miscarriage (e.g., Trisomy 15, 16, or 22). Alternatively, the
trisomy that is detected is a liveborn trisomy that may
indicate that an infant will be born with birth defects (e.g.,
Trisomy 13 (Patau Syndrome), Trisomy 18 (Edwards Syn-
drome), and Trisomy 21 (Down Syndrome)). The abnormal-
ity may also be of a sex chromosome (e.g., XXY
(Klinefelter’s Syndrome), XYY (Jacobs Syndrome), or
XXX (Trisomy X), The methods disclosed herein may
comprise one or more genomic regions on the following
chromosomes: 13, 18, 21, X, or Y. For example, the foreign
molecule may be on chromosome 21 and/or on chromosome
18, and/or on chromosome 13. The one or more genomic
regions may comprise multiple sites on multiple chromo-
somes.

Further fetal conditions that can be determined based on
the methods herein include monosomy of one or more
chromosomes (X chromosome monosomy, also known as
Turner’s syndrome), trisomy of one or more chromosomes
(13, 18, 21, and X), tetrasomy and pentasomy of one or more

20

25

40

45

60

65

40

chromosomes (which in humans is most commonly
observed in the sex chromosomes, e.g., XXXX, XXYY,
XXXY, XYYY, XXXXX, XXXXY, XXX Y, XYYYY and
XXYYY), monoploidy, triploidy (three of every chromo-
some, e.g., 69 chromosomes in humans), tetraploidy (four of
every chromosome, e.g., 92 chromosomes in humans), pen-
taploidy and multiploidy.

The methods as disclosed may comprise detecting, moni-
toring, quantitating, or evaluating one or more pathogen-
derived nucleic acid molecules or one or more diseases or
conditions caused by one or more pathogens. Exemplary
pathogens include, but are not limited to, Bordetella, Bor-
relia, Brucella, Campylobacter, Chlamydia, Chlamydophila,
Clostridium, Corynebacterium, Enterococcus, Escherichia,
Francisella, Haemophilus, Helicobacter, Legionella, Lep-
tospira, Listeria, Mycobacterium, Mycoplasma, Neisseria,
Pseudomonas, Rickettsia, Salmonella, Shigella, Staphylo-
coccus, Streptococcus, Treponema, Vibrio, or Yersinia,
Additional pathogens include, but are not limited to, Myco-
bacterium  tuberculosis, Streptococcus, Pseudomonas,
Campylobacter, and Salmonella.

The disease or conditions caused by one or more patho-
gens may comprise tuberculosis, pneumonia, foodborne
illnesses, tetanus, typhoid fever, diphtheria, syphilis, lep-
rosy, bacterial vaginosis, bacterial meningitis, bacterial
pneumonia, a urinary tract infection, bacterial gastroenteri-
tis, and bacterial skin infection. Examples of bacterial skin
infections include, but are not limited to, impetigo which
may be caused by Staphylococcus aureus or Streptococcus
pyogenes; erysipelas which may be caused by a streptococ-
cus bacterial infection of the deep epidermis with lymphatic
spread; and cellulitis which may be caused by normal skin
flora or by exogenous bacteria.

The pathogen may be a fungus, such as, Candida, Asper-
gillus, Cryptococcus, Histoplasma, Pneumocystis, and
Stachybotrys, Examples of diseases or conditions caused by
a fungus include, but are not limited to, jock itch, yeast
infection, ringworm, and athlete’s foot.

The pathogen may be a virus. Examples of viruses
include, but are not limited to, adenovirus, coxsackievirus,
Epstein-Barr virus, Hepatitis virus (e.g., Hepatitis A, B, and
C), herpes simplex virus (type 1 and 2), cytomegalovirus,
herpes virus, HIV, influenza virus, measles virus, mumps
virus, papillomavirus, parainfluenza virus, poliovirus, respi-
ratory syncytial virus, rubella virus, and varicella-zoster
virus. Examples of diseases or conditions caused by viruses
include, but are not limited to, cold, flu, hepatitis, AIDS,
chicken pox, rubella, mumps, measles, warts, and poliomy-
elitis.

The pathogen may be a protozoan, such as Acanthamoeba
(e.g., A. astronyxis, A. castellanii, A. culbertsoni, A. hatch-
etti, A. polyphaga, A. rhysodes, A. healyi, A. divionensis),
Brachiola (e.g., B connori, B. vesicularum), Cryptospo-
ridium (e.g., C. parvum), Cyclospora (e.g., C. cayetanensis),
Encephalitozoon (e.g., E. cuniculi, E. hellem, E. intestina-
lis), Entamoeba (e.g., E. histolytica), Enterocytozoon (e.g.,
E. bieneusi), Giardia (e.g., G. lamblia), Isospora (e.g, 1.
beili), Microsporidium (e.g., M. africanum, M. ceylonensis),
Naegleria (e.g., N. fowleri), Nosema (e.g., N. algerae, N.
ocularum), Pleistophora, Trachipleistophora (e.g., T
anthropophthera, T. hominis), and Vittaforma (e.g., V. cor-
neae).

Devices

The methods disclosed herein may comprise the use of
one or more devices. The methods disclosed herein may
comprise the use of one or more devices to perform one or
more operations or assays comprised therein. The methods
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disclosed herein may comprise one or more devices and the
use thereof in one or more operations or assays. In particular,
the methods disclosed herein may comprise one or more
devices to provide individual sequence reads from indi-
vidual molecules of distal nucleic acids. For example, con-
ducting a sequencing reaction may comprise one or more
sequencers. In another example, combining a plurality of
data inputs and generating a combined data may comprise
the use of one or more computer processors. In yet another

42

The computer system 601 includes a central processing
unit (CPU, also “processor” and “computer processor”
herein) 605, which can be a single core or multi core
processor, or a plurality of processors for parallel process-
ing. The computer system 601 also includes memory or
memory location 610 (e.g., random-access memory, read-
only memory, flash memory), electronic storage unit 615
(e.g., hard disk), communication interface 620 (e.g., network
adapter) for communicating with one or more other systems,

example, one or more processors may be used in the 10 and peripheral devices 625, such as cache, other memory,
generating and displaying electronically at least a portion of data storage and/or electronic display adapters. The memory
the data output. Exemplary devices include, but are not 610, storage unit 615, interface 620 and peripheral devices
limited to, sequencers, computer processors, computer dis- 625 are in communication with the CPU 605 through a
play, monitors, hard drives, thermocyclers, real-time PCR communication bus (solid lines), such as a motherboard. The
instruments, magnetic separators, transmission devices, 15 storage unit 615 can be a data storage unit (or data reposi-
hybridization chambers, electrophoresis apparatus, centri- tory) for storing data. The computer system 601 can be
fuges, microscopes, imagers, fluorometers, luminometers, operatively coupled to a computer network (“network™) 630
plate readers, computers, processors, and bioanalyzers. with the aid of the communication interface 620. The

The methods disclosed herein may comprise one or more network 630 can be the Internet, an internet and/or extranet,
sequencers. The one or more sequencers may comprise one 20 or an intranet and/or extranet that is in communication with
or more HiSeq, MiSeq, HiScan, Genome Analyzer IIx, the Internet. The network 630 in some cases is a telecom-
SOLD Sequencer, lon Torrent PGM, 454 GS Junior, Pac Bio munication and/or data network. The network 630 can
RS, or a combination thereof. The one or more sequencers include one or more computer servers, which can enable
may comprise one or more sequencing platforms. The one or distributed computing, such as cloud computing. The net-
more sequencing platforms may comprise GS FIX by 454 25 work 630, in some cases with the aid of the computer system
Life Technologies/Roche, Genome Analyzer by Solexa/ 601, can implement a peer-to-peer network, which may
Illumina, SOLID by Applied Biosystems, CGA Platform by enable devices coupled to the computer system 601 to
Complete Genomics, PacBio RS by Pacific Biosciences, or behave as a client or a server.

a combination thereof. The CPU 605 can execute a sequence of machine-read-

The methods disclosed herein may comprise one or more 30 able instructions, which can be embodied in a program or
thermocyclers. The one or more thermocyclers may be used software. The instructions may be stored in a memory
to amplify one or more nucleic acid molecules. The methods location, such as the memory 610. The instructions can be
disclosed herein may comprise one or more real-time PCR directed to the CPU 605, which can subsequently program
instruments. The one or more real-time PCR instruments or otherwise configure the CPU 605 to implement methods
may comprise a thermal cycler and a fluorimeter. The one or 35 of the present disclosure. Examples of operations performed
more thermocyclers may be used to amplify and detect one by the CPU 605 can include fetch, decode, execute, and
or more nucleic acid molecules. writeback.

The methods disclosed herein may comprise one or more The CPU 605 can be part of a circuit, such as an integrated
magnetic separators. The one or more magnetic separators circuit. One or more other components of the system 601 can
may be used for separation of paramagnetic and ferromag- 40 be included in the circuit. In some cases, the circuit is an
netic particles from a suspension. The one or more magnetic application specific integrated circuit (ASIC).
separators may comprise one or more LifeStep™ biomag- The storage unit 615 can store files, such as drivers,
netic  separators, SPHERO™ FlexiMag separator, libraries and saved programs. The storage unit 615 can store
SPHERO™ MicroMag separator, SPHERO™ HandiMag user data, user preferences and user programs. The computer
separator, SPHERO™  MiniTube Mag separator, 45 system 601 in some cases can include one or more additional
SPHERO™ UltraMag separator, DynaMag™ magnet, data storage units that are external to the computer system
DynaMag™-2 Magnet, or a combination thereof. 601, such as located on a remote server that is in commu-

The methods disclosed herein may comprise one or more nication with the computer system 601 through an intranet
bioanalyzers. Generally, a bioanalyzer is a chip-based cap- or the Internet.
illary electrophoresis machine that can analyze RNA, DNA, 50  The computer system 601 can communicate with one or
and proteins. The one or more bioanalyzers may comprise more remote computer systems through the network 630.
Agilent’s 2100 Bioanalyzer. The methods disclosed herein For instance, the computer system 601 can communicate
may comprise one or more genotyping systems, for with a remote computer system of a user (e.g., a patient or
example, a digital genotyping system. a physician). Examples of remote computer systems include
Computer Control Systems 55 personal computers (e.g., portable PC), slate or tablet PC’s

The present disclosure provides computer control systems (e.g., Apple® iPad, Samsung® Galaxy Tab), telephones,
that are programmed to implement methods of the disclo- Smart phones (e.g., Apple® iPhone, Android-enabled
sure. FIG. 6 shows a computer system 601 that is pro- device, Blackberry®), or personal digital assistants. The
grammed or otherwise configured to implement the methods user can access the computer system 601 via the network
and systems disclosed herein. The computer system 601 can 60 630.
implement various aspects of the present disclosure, such as, Methods as described herein can be implemented by way
for example, generating of a mutation map, sequencing a of machine (e.g., computer processor) executable code
nucleic acid sequence, identifying a differential mutation stored on an electronic storage location of the computer
and/or generating a report. The computer system 601 can be system 601, such as, for example, on the memory 610 or
an electronic device of a user or a computer system that is 65 electronic storage unit 615. The machine executable or

remotely located with respect to the electronic device. The
electronic device can be a mobile electronic device.

machine readable code can be provided in the form of
software. During use, the code can be executed by the
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processor 605. In some cases, the code can be retrieved from
the storage unit 615 and stored on the memory 610 for ready
access by the processor 605. In some situations, the elec-
tronic storage unit 615 can be precluded, and machine-
executable instructions are stored on memory 610.

The code can be pre-compiled and configured for use with
a machine have a processor adapted to execute the code, or
can be compiled during runtime. The code can be supplied
in a programming language that can be selected to enable the

44

code and/or data. Many of these forms of computer readable
media may be involved in carrying one or more sequences
of one or more instructions to a processor for execution.

The computer system 601 can include or be in commu-
nication with an electronic display 635 that comprises a user
interface (UI) 640 for providing, for example, a sequencing
result, a report about health state and/or a mutation map.
Examples of UI’s include, without limitation, a graphical
user interface (GUI) and web-based user interface.

code to execute in a pre-compiled or as-compiled fashion. 10  Methods and systems of the present disclosure can be
Aspects of the systems and methods provided herein, such implemented by way of one or more algorithms. An algo-
as the computer system 601, can be embodied in program- rithm can be implemented by way of software upon execu-
ming. Various aspects of the technology may be thought of tion by the central processing unit 605. The algorithm can,
as “products” or “articles of manufacture” typically in the for example, generate a mutation map.
form of machine (or processor) executable code and/or 15 Subjects
associated data that is carried on or embodied in a type of Often, the methods are used on a subject, in some cases
machine readable medium. Machine-executable code can be human. The subject may be a male or a female. The subject
stored on an electronic storage unit, such memory (e.g., may be a fetus, infant, child, adolescent, teenager or adult.
read-only memory, random-access memory, flash memory) The subject may be patients of any age. For example, the
or a hard disk. “Storage” type media can include any or all 20 subject may be a patient of less than about 10 years old. For
of the tangible memory of the computers, processors or the example, the subject may be a patient of at least about 0, 5,
like, or associated modules thereof, such as various semi- 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 years old. The
conductor memories, tape drives, disk drives and the like, subject may be in utero Often, the subject is a patient or
which may provide non-transitory storage at any time for the other individual undergoing a treatment regimen, or being
software programming. All or portions of the software may 25 evaluated for a treatment regimen (e.g., immunosuppressive
at times be communicated through the Internet or various therapy). However, in some instances, the subject is not
other telecommunication networks. Such communications, undergoing a treatment regimen. For example, the subject
for example, may enable loading of the software from one may be a healthy subject.
computer or processor into another, for example, from a In some cases, the subjects may be mammals or non-
management server or host computer into the computer 30 mammals. In some cases, the subjects are a mammal, such
platform of an application server. Thus, another type of as, a human, non-human primate (e.g., apes, monkeys,
media that may bear the software elements includes optical, chimpanzees), cat, dog, rabbit, goat, horse, cow, pig, rodent,
electrical and electromagnetic waves, such as used across mouse, SCID mouse, rat, guinea pig, or sheep. In some
physical interfaces between local devices, through wired and methods, species variants or homologs of these genes can be
optical landline networks and over various air-links. The 35 used in a non-human animal model. Species variants may be
physical elements that carry such waves, such as wired or the genes in different species having greatest sequence
wireless links, optical links or the like, also may be consid- identity and similarity in functional properties to one
ered as media bearing the software. As used herein, unless another. Many of such species variants human genes may be
restricted to non-transitory, tangible “storage” media, terms listed in the Swiss-Prot database.
such as computer or machine “readable medium” refer to 40  The methods disclosed herein may be used on a transplant
any medium that participates in providing instructions to a recipient who is a recipient of a solid organ or a fragment of
processor for execution. a solid organ. The solid organ may be a lung, kidney, heart,
Hence, a machine readable medium, such as computer- liver, pancreas, large intestine, small intestine, gall bladder,
executable code, may take many forms, including but not reproductive organ or a combination thereof. In some
limited to, a tangible storage medium, a carrier wave 45 instances, the transplant recipient may be a recipient of a
medium or physical transmission medium. Non-volatile tissue or cell. The tissue or cell may be amnion, skin, bone,
storage media include, for example, optical or magnetic blood, marrow, blood stem cells, platelets, umbilical cord
disks, such as any of the storage devices in any computer(s) blood, cornea, middle ear, heart valve, vein, cartilage, ten-
or the like, such as may be used to implement the databases, don, ligament, nerve tissue, embryonic stem (ES) cells,
etc. shown in the drawings. Volatile storage media include 50 induced pluripotent stem cells (IPSCs), stem cells, adult
dynamic memory, such as main memory of such a computer stem cells, hematopoietic stem cells, or a combination
platform. Tangible transmission media include coaxial thereof.
cables; copper wire and fiber optics, including the wires that Samples
comprise a bus within a computer system. Carrier-wave The methods disclosed herein may comprise obtaining a
transmission media may take the form of electric or elec- 55 sample from a subject, such as a human subject. In particu-
tromagnetic signals, or acoustic or light waves such as those lar, the methods may comprise obtaining a clinical specimen
generated during radio frequency (RF) and infrared (IR) data from a patient. For example, blood may be drawn from a
communications. Common forms of computer-readable patient. In some cases, the methods may comprise obtaining
media therefore include for example: a floppy disk, a flexible distal nucleic acids from multiple sources. The methods
disk, hard disk, magnetic tape, any other magnetic medium, 60 disclosed herein may comprise specifically detecting, pro-
a CD-ROM, DVD or DVD-ROM, any other optical filing, or quantitating molecules (e.g., nucleic acids, DNA,
medium, punch cards paper tape, any other physical storage RNA, etc.) that are within the biological samples.
medium with patterns of holes, a RAM, a ROM, a PROM One or more nucleic acids may be isolated from one or
and EPROM, a FLASH-EPROM, any other memory chip or more sources. For example, DNA is isolated from one or
cartridge, a carrier wave transporting data or instructions, 65 more sources. In some cases, the sample may be distal

cables or links transporting such a carrier wave, or any other
medium from which a computer may read programming

nucleic acids obtained from intact cells being transported
from their original location. By physiological processes, and
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disease, the nucleic acids of intact cells can end up in bodily
fluids. For example, intact cells of a fetus can be detected in
maternal blood. In another example, circulating tumor cells
can lead to metastases in cancer.

In some cases, the sample may be distal nucleic acids
obtained from dead cells. When cells die, their membranes
become porous and eventually disintegrate the contents of
the cell, including the nucleic acids. In some cases, cell
death can be a part of normal healthy turnover of cell
populations. Alternatively, the cell death can be due to
disease, environmental exposure (e.g., chemicals, radiation,
viruses, etc.), injury, apoptosis, necrosis or other factors. For
example, apoptosis may occur locally in muscle fibers due
to exercise. In other cases, apoptosis may occur in human
uterine endometrium in certain portions of the menstrual
cycle. These nucleic acids may be transported in the bodily
fluids. For example, the sample may be distal nucleic acids
transported in the form of cell-free DNA (cfDNA). In other
cases, the sample may be distal nucleic acids transported in
the form of cell-surface-bound DNA (csbDNA). The sample
may be distal nucleic acids found in bodily fluids.

In some cases, the sample may be distal nucleic acids
obtained from exosomes. Exosomes are cell-derived
vesicles that can be present in many bodily fluids (e.g.,
blood, urine). Exosomes can be secreted from one cell then
absorbed by other cells. In some cases, obtaining distal
nucleic acids from exosomes may comprise isolating the
exosomes from bodily fluids. Obtaining distal nucleic acids
from exosomes may further comprise purifying nucleic
acids from the isolated exosomes.

The sample may be a tissue sample or a bodily fluid. In
some instances, the sample is a tissue sample or an organ
sample, such as a biopsy. The bodily fluid may be sweat,
saliva, tears, urine, blood, menses, semen, and/or spinal
fluid. In some cases, the sample is a blood sample. The
sample may comprise one or more peripheral blood lym-
phocytes. The sample may be a whole blood sample. The
blood sample may be a peripheral blood sample. In some
cases, the sample comprises peripheral blood mononuclear
cells (PBMCs); in some cases, the sample comprises periph-
eral blood lymphocytes (PBLs). The sample may be a serum
sample.

The sample may be obtained using any method that can
provide a sample suitable for the analytical methods
described herein. The sample may be obtained by a non-
invasive method such as a throat swab, buccal swab, bron-
chial lavage, urine collection, scraping of the skin or cervix,
swabbing of the cheek, saliva collection, feces collection,
menses collection, or semen collection. The sample may be
obtained by a minimally-invasive method such as a blood
draw. The sample may be obtained by venipuncture. In other
instances, the sample is obtained by an invasive procedure
including but not limited to: biopsy, alveolar or pulmonary
lavage, or needle aspiration. The method of biopsy may
include surgical biopsy, incisional biopsy, excisional biopsy,
punch biopsy, shave biopsy, or skin biopsy. The sample may
be formalin fixed sections. The method of needle aspiration
may further include fine needle aspiration, core needle
biopsy, vacuum assisted biopsy, or large core biopsy. In
some cases, multiple samples may be obtained by the
methods herein to ensure a sufficient amount of biological
material. In some instances, the sample is not obtained by
biopsy. In some instances, the sample is not a kidney biopsy.
Nucleic Acid Samples

Methods of the present disclosure can be applied to any
type of nucleic acid sample. In some cases, the nucleic acid
samples can be fragmented double stranded DNA including
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but not limited to, for example, free DNA isolated from
plasma, serum, and/or urine; DNA from apoptotic cells
and/or tissues; DNA fragmented enzymatically in vitro (for
example, by DNase I and/or restriction endonuclease); and/
or DNA fragmented by mechanical forces (hydro-shear,
sonication, nebulization, etc.). Additional suitable methods
and compositions of producing nucleic acid molecules com-
prising stem-loop oligonucleotides are further described in
detail in U.S. Pat. No. 7,803,550, which is herein incorpo-
rated by reference in its entirety.

In other cases, methods provided herein can be easily
applied to any high molecular weight double stranded DNA
including, for example, DNA isolated from tissues, cell
culture, bodily fluids, animal tissue, plant, bacteria, fungi,
viruses, etc.

Nucleic acid obtained from biological samples typically is
fragmented to produce suitable fragments for analysis. Tem-
plate nucleic acids may be fragmented or sheared to desired
length, using a variety of mechanical, chemical and/or
enzymatic methods. DNA may be randomly sheared via
sonication, e.g., Covaris method, brief exposure to a DNase,
or using a mixture of one or more restriction enzymes, or a
transposase or nicking enzyme. RNA may be fragmented by
brief exposure to an RNase, heat plus magnesium, or by
shearing. The RNA may be converted to cDNA. If fragmen-
tation is employed, the RNA may be converted to cDNA
before or after fragmentation. In one case, nucleic acid from
a biological sample is fragmented by sonication. In another
case, nucleic acid is fragmented by a hydroshear instrument.
Generally, individual nucleic acid template molecules can be
from about 100 bases to 100 kilobases (kb), 100 bases to 90
kb, 100 bases to 80 kb, 100 bases to 70 kb, 100 bases to 60
kb, 100 bases to 50 kb, or 100 bases to about 40 kb.
Individual nucleic acid template molecules can be at least
about 100 bases, 200 bases, 300 bases, 400 bases, 500 bases,
1 kb, 10 kb, 20 kb, 30 kb, 40 kb, 50 kb, 60 kb, 70 kb, 80 kb,
90 kb, 100 kb, 200 kb, 300 kb, 400 kb, or 500 kb. In some
cases, nucleic acids are about 100-300, about 200-300, or
about 100-500 base fragments. Nucleic acid molecules may
be single-stranded, double-stranded, or double-stranded
with single-stranded regions (for example, double-stranded
DNA with single-stranded overhangs on one or both ends),
A biological sample as described herein may be homog-
enized or fractionated in the presence of a detergent or
surfactant. The concentration of the detergent in the buffer
may be about 0.05% to about 10.0%. The concentration of
the detergent can be up to an amount where the detergent
remains soluble in the solution. In one case, the concentra-
tion of the detergent is between 0.1% to about 2%. The
detergent, particularly a mild one that is nondenaturing, can
act to solubilize the sample. Detergents may be ionic or
nonionic. Examples of nonionic detergents include triton,
such as the Triton® X series (Triton® X-100 t-Oct-C6H4-
(OCH2-CH2)xOH, x=9-10, Triton® X-100R, Triton®
X-114 x=7-8), octyl glucoside, polyoxyethylene(9)dodecyl
ether, digitonin, IGEPAL® CA630 octylphenyl polyethyl-
ene glycol, n-octyl-beta-D-glucopyranoside (betaOG), n-do-
decyl-beta, Tween® 20 polyethylene glycol sorbitan mono-
laurate, Tween® 80 polyethylene glycol sorbitan
monooleate, polidocanol, n-dodecyl beta-D-maltoside
(DDM), NP-40 nonylphenyl polyethylene glycol, C12E8
(octaethylene glycol n-dodecyl monoether), hexaethyl-
eneglycol mono-n-tetradecyl ether (C14EO6), octyl-beta-
thioglucopyranoside (octyl thioglucoside, OTG), Emulgen,
and polyoxyethylene 10 lauryl ether (C12E10), Examples of
ionic detergents (anionic or cationic) include deoxycholate,
sodium dodecyl sulfate (SDS), N-lauroylsarcosine, and
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cetyltrimethylammoniumbromide (CTAB). A zwitterionic
reagent may also be used in the purification schemes of the
present disclosure, such as Chaps, zwitterion 3-14, and
3-[(3-cholamidopropyl)dimethylammonio]-1-propane-
sulfonate. It is contemplated also that urea may be added
with or without another detergent or surfactant.

Lysis or homogenization solutions may further contain
other agents, such as reducing agents. Examples of such
reducing agents include dithiothreitol (DTT), .beta.-mercap-
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Subsets of nucleic acid molecules may comprise one or
more genomic regions as disclosed herein. Subsets of
nucleic acid molecules may comprise 1 or more, 2 or more,
3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8 or
more, 9 or more, 10 or more, 11 or more, 12 or more, 13 or
more, 14 or more, 15 or more, 20 or more, 25 or more, 30
or more, 35 or more, 40 or more, 50 or more, 60 or more,
70 or more, 80 or more, 90 or more, or 100 or more genomic
regions. The one or more genomic regions may be identical,

toethanol, LIE, GSH, cysteine, cystamine, triscarboxym- 10 similar, different, or a combination thereof.
ethyl phosphine (TCEP), or salts of sulfurous acid. Subsets of nucleic acid molecules may comprise one or
The methods as disclosed herein may comprise, or com- more genomic region features as disclosed herein. Subsets
prise the use of, one or more subsets of nucleic acid of nucleic acid molecules may comprise 1 or more. 2 or
molecules. The subsets of nucleic acid molecules may be more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more,
derived from a nucleic acid sample. The subsets of nucleic 15 8 or more, 9 or more, 10 or more, 11 or more, 12 or more,
acid molecules may be derived from the same nucleic acid 13 or more, 14 or more, 15 or more, 20 or more, 25 or more,
sample. Alternatively, or additionally, the subsets of nucleic 30 or more, 35 or more, 40 or more, 50 or more, 60 or more,
acid molecules are derived from two or more different 70 or more, 80 or more, 90 or more, or 100 or more genomic
nucleic acid samples. Two or more subsets of nucleic acid region features. The one or more genomic region features
molecules may be differentiated by their nucleic acid con- 20 may be identical, similar, different, or a combination thereof.
tent. The one or more subsets of nucleic acid molecules may Subsets of nucleic acid molecules may comprise nucleic
comprise one or more nucleic acid molecules or a variant or acid molecules of different sizes. The length of a nucleic acid
derivative thereof. For example, the two or more subsets of molecule in a subset of nucleic acid molecules may be
nucleic acid molecules may comprise nucleic acids com- referred to as the size of the nucleic acid molecule. The
prising different GC content, nucleic acid size, genomic 25 average length of the nucleic acid molecules in a subset of
regions, genomic region features, eluted nucleic acid mol- nucleic acid molecules may be referred to as the mean size
ecules, hybridized nucleic acid molecules, non-hybridized of nucleic acid molecules. As used herein, the terms “size of
nucleic acid molecules, amplified nucleic acid molecules, a nucleic acid molecule”, “mean size of nucleic acid mol-
non-amplified nucleic acid molecules, supernatant-derived ecules”, “molecular size” and “mean molecular size” may be
nucleic acid molecules, eluant-derived nucleic acid mol- 30 used interchangeably. The size of a nucleic acid molecule
ecules, labeled nucleic acid molecules, non-labeled nucleic may be used to differentiate two or more subsets of nucleic
acid molecules, capture probe hybridized nucleic acid mol- acid molecules. The difference in the mean size of nucleic
ecules, capture probe free nucleic acid molecules, bead acid molecules in a subset of nucleic acid molecules and the
bound nucleic acid molecules, bead free nucleic acid mol- mean size of nucleic acid molecules in another subset of
ecules, or a combination thereof. The two or more subsets of 35 nucleic acid molecules may be used to differentiate the two
nucleic acid molecules may be differentiated by GC content, subsets of nucleic acid molecules. The mean size of nucleic
nucleic acid size, genomic regions, capture probes, beads, acid molecules in one subset of nucleic acid molecules may
labels, or a combination thereof. be greater than the mean size of nucleic acid molecules in at
The methods as disclosed herein may comprise, or com- least one other subset of nucleic acid molecules. The mean
prise the use of, combining two or more subsets of nucleic 40 size of nucleic acid molecules in one subset of nucleic acid
acid molecules to produce a combined subset of nucleic acid molecules may be less than the mean size of nucleic acid
molecules. The combined subsets of nucleic acid molecules molecules in at least one other subset of nucleic acid
may be derived from a nucleic acid sample. The combined molecules. The difference in mean molecular size between
subsets of nucleic acid molecules may be derived from the two or more subsets of nucleic acid molecules may be at
same nucleic acid sample. Alternatively, or additionally, the 45 least about 50; 75; 100; 125; 150; 175; 200; 225; 250; 275;
combined subsets of nucleic acid molecules are derived 300; 350; 400, 450; 500; 550, 600; 650, 700; 750, 800; 850,
from two or more different nucleic acid samples. Two or 900; 950; 1,000; 1100; 1200; 1300; 1400; 1500; 1600, 1700;
more combined subsets of nucleic acid molecules may be 1800; 1900, 2,000, 3,000, 4,000; 5,000; 6,000, 7,000; 8,000,
differentiated by their nucleic acid content. The one or more 9,000; 10,000; 15,000, 20,000, 30,000, 40,000, 50,000,
combined subsets of nucleic acid molecules may comprise 50 60,000; 70,000; 80,000; 90,000; 100,000 or more bases or
one or more nucleic acid molecules or a variant or derivative base pairs. In some aspects of the disclosure, the difference
thereof. For example, the two or more combined subsets of in mean molecular size between two or more subsets of
nucleic acid molecules may comprise nucleic acids com- nucleic acid molecules is at least about 200 bases or bases
prising different GC content, nucleic acid size, genomic pairs. Alternatively, the difference in mean molecular size
regions, genomic region features, eluted nucleic acid mol- 55 between two or more subsets of nucleic acid molecules is at
ecules, hybridized nucleic acid molecules, non-hybridized least about 300 bases or bases pairs.
nucleic acid molecules, amplified nucleic acid molecules, Subsets of nucleic acid molecules may comprise nucleic
non-amplified nucleic acid molecules, supernatant-derived acid molecules of different sequencing sizes. The length of
nucleic acid molecules, eluant-derived nucleic acid mol- a nucleic acid molecule in a subset of nucleic acid molecules
ecules, labeled nucleic acid molecules, non-labeled nucleic 60 to be sequenced may be referred to as the sequencing size of
acid molecules, capture probe hybridized nucleic acid mol- the nucleic acid molecule. The average length of the nucleic
ecules, capture probe free nucleic acid molecules, bead acid molecules in a subset of nucleic acid molecules may be
bound nucleic acid molecules, bead free nucleic acid mol- referred to as the mean sequencing size of nucleic acid
ecules, or a combination thereof. The two or more combined molecules. As used herein, the terms “sequencing size of a
subsets of nucleic acid molecules may be differentiated by 65 nucleic acid molecule”, “mean sequencing size of nucleic

GC content, nucleic acid size, genomic regions, capture
probes, beads, labels, or a combination thereof.

2 <

acid molecules”, “molecular sequencing size” and “mean
molecular sequencing size” may be used interchangeably.
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The mean molecular sequencing size of one or more subsets
of nucleic acid molecules may be at least about 50; 75; 100;
125; 1505 175; 200; 225; 250; 275; 300; 350; 400; 450; 500;
550; 600; 650, 700; 750; 800; 850; 900; 950; 1,000; 1100;
1200; 1300; 1400; 1500; 1600; 1700; 1800; 1900; 2,000,
3,000; 4,000; 5,000; 6,000; 7,000; 8,000; 9,000; 10,000
15,000; 20,000; 30,000; 40,000; 50,000; 60,000; 70,000,
80,000; 90,000; 100,000 or more bases or base pairs. The
sequencing size of a nucleic acid molecule may be used to
differentiate two or more subsets of nucleic acid molecules.
The difference in the mean sequencing size of nucleic acid
molecules in a subset of nucleic acid molecules and the
mean sequencing size of nucleic acid molecules in another
subset of nucleic acid molecules may be used to differentiate
the two subsets of nucleic acid molecules. The mean
sequencing size of nucleic acid molecules in one subset of
nucleic acid molecules may be greater than the mean
sequencing size of nucleic acid molecules in at least one
other subset of nucleic acid molecules. The mean sequenc-
ing size of nucleic acid molecules in one subset of nucleic
acid molecules may be less than the mean sequencing size
of nucleic acid molecules in at least one other subset of
nucleic acid molecules. The difference in mean molecular
sequencing size between two or more subsets of nucleic acid
molecules may be at least about 50; 75; 100; 125; 150; 175;
200; 225; 250; 275; 300; 350, 400; 450, 500, 550; 600; 650;
700; 750; 800; 850; 900; 950; 1,000; 1100; 1200; 1300;
1400; 1500; 1600; 1700; 1800; 1900; 2,000; 3,000; 4,000,
5,000; 6,000; 7,000; 8,000; 9,000; 10,000; 15,000; 20,000;
30,000; 40,000; 50,000; 60,000, 70,000; 80,000; 90,000,
100,000 or more bases or base pairs. In some aspects of the
disclosure, the difference in mean molecular sequencing size
between two or more subsets of nucleic acid molecules is at
least about 200 bases or bases pairs. Alternatively, the
difference in mean molecular sequencing size between two
or more subsets of nucleic acid molecules is at least about
300 bases or bases pairs.

Two or more subsets of nucleic acid molecules may be at
least partially complementary. For example, a first subset of
nucleic acid molecules may comprise nucleic acid molecules
comprising at least a first portion of the genome and a
second subset of nucleic acid molecules may comprise
nucleic acid molecules comprising at least a second portion
of the genome, wherein the first and second portion of the
genome differ by one or more nucleic acid molecules. Thus,
the first subset and the second subset are at least partially
complementary. The complementarity of two or more sub-
sets of nucleic acid molecules may be at least about 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, or more. As
used herein, the term “complementarity of two or more
subsets of nucleic acid molecules” generally refers to
genomic content of the two or more subsets and the extent
to which the two or more subsets encompass the content of
one or more genomic regions. For example, a first subset of
nucleic acid molecules comprises 50% of total high. GC
exomes and a second subset of nucleic acid molecules
comprises 50% of the total low GC exomes, then the
complementarity of the two subsets of nucleic acid mol-
ecules in reference to an entire exome is 50%. In another
example, a first subset of nucleic acid molecules comprises
100% of the total bead bound nucleic acid molecules and the
second subset of nucleic acid molecules comprises 100% of
the total bead free nucleic acid molecules, the complemen-
tarity of the two subsets in reference to the total nucleic acid
molecules is 100%.
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Subsets of nucleic acid molecules may comprise bead
bound nucleic acid molecules, Two or more subsets of
nucleic acid molecules may be differentiated into bead
bound nucleic acid molecules and bead free nucleic acid
molecules. For example, a first subset of nucleic acid
molecules may comprise one or more bead bound nucleic
acid molecules and a second subset of nucleic acid mol-
ecules may comprise bead free nucleic acid molecules. Bead
free nucleic acid molecules may refer to nucleic acid mol-
ecules that are not bound to one or more beads. Bead free
nucleic acid molecules may refer to nucleic acid molecules
that have been eluted from one or more beads. For example,
the nucleic acid molecule from a bead bound nucleic acid
molecule may be eluted to produce a bead free nucleic acid
molecule.

Subsets of nucleic acid molecules may comprise capture
probe hybridized nucleic acid molecules. Two or more
subsets of nucleic acid molecules may be differentiated into
capture probe hybridized nucleic acid molecules and capture
probe free nucleic acid molecules. For example, a first
subset of nucleic acid molecules may comprise one or more
capture probe hybridized nucleic acid molecules and a
second subset of nucleic acid molecules may comprise
capture probe free nucleic acid molecules. Capture probe
free nucleic acid molecules may refer to nucleic acid mol-
ecules that are not hybridized to one or more capture probes.
Capture probe free nucleic acid molecules may refer to
nucleic acid molecules that are dehybridized from one or
more capture probes. For example, the capture probe from a
capture probe hybridized nucleic acid molecule may be
removed to produce a capture probe free nucleic acid
molecule.

Capture probes may hybridize to one or more nucleic acid
molecules in a sample or in a subset of nucleic acid
molecules. Capture probes may hybridize to one or more
genomic regions. Capture probes may hybridize to one or
more genomic regions within, around, near, or spanning one
or more genes, exons, introns, UTRs, or a combination
thereof. Capture probes may hybridize to one or more
genomic regions spanning one or more genes, exons,
introns, UTRs, or a combination thereof. Capture probes
may hybridize to one or more known inDels, Capture probes
may hybridize to one or more known structural variants.

Subsets of nucleic acid molecules may comprise labeled
nucleic acid molecules. Two or more subsets of nucleic acid
molecules may be differentiated into labeled nucleic acid
molecules and non-labeled nucleic acid molecules. For
example, a first subset of nucleic acid molecules may
comprise one or more labeled nucleic acid molecules and a
second subset of nucleic acid molecules may comprise
non-labeled nucleic acid molecules. Non-labeled nucleic
acid molecules may refer to nucleic acid molecules that are
not attached to one or more labels. Non-labeled nucleic acid
molecules may refer to nucleic acid molecules that have
been detached from one or more labels. For example, the
label from a labeled nucleic acid molecule may be removed
to produce a non-labeled nucleic acid molecule.

The methods as disclosed herein may comprise, or com-
prise the use of, one or more labels. The one or more labels
may be attached to one or more capture probes, nucleic acid
molecules, beads, primers, or a combination thereof.
Examples of labels include, but are not limited to, detectable
labels, such as radioisotopes, fluorophores, chemilumino-
phores, chromophore, lumiphore, enzymes, colloidal par-
ticles, and fluorescent microparticles, quantum dots, as well
as antigens, antibodies, haptens, avidin/streptavidin, biotin,
haptens, enzymes cofactors/substrates, one or more mem-
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bers of a quenching system, a chromogens, haptens, a
magnetic particles, materials exhibiting nonlinear optics,
semiconductor nanocrystals, metal nanoparticles, enzymes,
aptamers, and one or more members of a binding pair.
The one or more subsets of nucleic acid molecules may be
subjected to one or more assays. The one or more subsets of
nucleic acid molecules may be subjected to one or more
assays based on their biochemical features. The one or more
subsets of nucleic acid molecules may be subjected to one or
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acid molecules and a second subset of nucleic acid mol-
ecules are assigned to two or more locations on a first
container, and a third subset of nucleic acid molecules is in
a second container.

As used herein and in the appended claims, the singular
forms “a”, “an”, and “the” include plural referents unless the
context clearly dictates otherwise. Thus, for example, ref-
erence to “a cell” can include one or a plurality of such cells,

and reference to “the peptide” can include reference to one

more assays based on their genomic region features. The one 10 tid d equivalents thereof. 1 tid
or more subsets of nucleic acid molecules may be subjected or(linorefpe]iall ¢s and equivaients thereol, €.g., polypepiites,
t01,2,3,4,5,6,7,8,9, 10 or more assays. The one or more and so forth. . . ..
subsets of nucleic acid molecules may be subjected to 1, 2, Where arange of values is provided, it is understooq thgt
3, 4,56, 7,8 9, 10 or more assays based on their each intervening value between the upper and l.ow.er limits
biochemical features. The one or more subsets of nucleic 15 ©f thatrange, tothe tegth of the unit o.fthe. lower hmlt,.unless
acid molecules may be subjected to 1, 2, 3, 4, 5, 6,7, 8, 9, the context clearly dictates otherwise, is also specifically
10 or more assays based on their genomic region features. disclosed. Bach smaller range between any stated value or
The one or more subsets of nucleic acid molecules may be ~ intervening value in a stated range, and any other stated or
subjected to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more identical intervening value in that stated range is encompassed within
assays. The one or more subsets of nucleic acid molecules 20 the invention. The upper and lower limits of these smaller
may be subjected to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more ranges may independently be included or excluded in the
identical assays based on their biochemical features. The one range, and each range where either, neither or both limits are
or more subsets of nucleic acid molecules may be subjected included in the smaller ranges is also encompassed within
t01,2,3,4,5,6,7,8,9, 10 or more identical assays based the invention, subject to any specifically excluded limit in
on their genomic region features. The one or more subsets of 25 the stated range. Where the stated range includes one or both
nucleic acid molecules may be subjected to 1, 2, 3, 4, 5, 6, of the limits, ranges excluding either or both of those
7, 8,9, 10 or more similar assays. The one or more subsets included limits are also included in the invention.
of nucleic acid molecules may be subjected to 1, 2, 3, 4, 5,
6, 7, 8, 9, 10 or more similar assays based on their bio- EXAMPLES
chemical features. The one or more subsets of nucleic acid 30
molecules may be subjected t0l1,2,3,4,5,6,7,8,9,10 or The fo]]owing examples are given for the purpose of
more similar assays based on their genomic region features.  illustrating various embodiments of the present disclosure
The one or more subsets of nucleic acid molecules may be  and are not meant to limit the present disclosure. The present
subjected to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more different examples, along with the methods described herein, are
assays. The one or more subsets of nucleic acid molecules 35 exemplary and are not intended as limitations on the scope
may be subjected to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more of the present disclosure.
different assays based on their biochemical features. The one
or more subsets of nucleic acid molecules may be subjected Example 1. Generation of a Developmental
t01,2,3,4,5,6,7,8,9, 10 or more different assays based Mutation Map
on their genomic region features. The two or more subsets 40
of nucleic acid molecules may be subjected to one or more The following illustrates an example of generating a
identical processing operations based on their biochemical developmental mutation map utilizing the methods dis-
features. The two or more subsets of nucleic acid molecules closed herein. A developmental tree, for example of the kind
may be subjected to one or more identical processing depicted in FIG. 1, is used to map differential mutations to
operations based on their genomic region features. The two 45 various tissues. The developmental tree depicts a develop-
or more subsets of nucleic acid molecules may be subjected mental relationship between the tissues of an organism. To
to one or more similar processing operations based on their generate the developmental mutation map, various tissue
biochemical features. The two or more subsets of nucleic samples are obtained from an individual. These samples are
acid molecules may be subjected to one or more similar obtained from all over the individual’s body and can include
processing operations based on their genomic region fea- 50 samples from blood, a skin biopsy, a hair sample, and the
tures. The two or more subsets of nucleic acid molecules like. Nucleic acids are extracted from the samples and are
may be subjected to one or more different processing opera- sequenced by whole genome sequencing (WGS) to identify
tions based on their biochemical features. The two or more differential mutations between the various tissue samples. At
subsets of nucleic acid molecules may be subjected to one or some time in the future, the individual undergoes a proce-
more different processing operations based on their genomic 55 dure (e.g., a colonoscopy). A biopsy of the tissue (e.g., a
region features. biopsy of the colon) is taken during the procedure, nucleic
The methods as disclosed herein may comprise, or com- acids are extracted from the biopsy, and the nucleic acids are
prise the use of, producing two or more subsets of nucleic sequenced to identify additional differential mutations. The
acid molecules. The two or more subsets of nucleic acid differential mutations are mapped onto the developmental
molecules may be separated fluidically, separated into two or 60 tree by associating the tissue source on the tree to the
more containers, separated into two or more locations, or a differential mutation. For example, a mutation is identified
combination thereof. For example, a first subset of nucleic in the sample obtained from the pancreas, but not in lungs.
acid molecules and a second subset of nucleic acid mol- This suggests that the mutation occurred sometime during
ecules are fluidically separated. In another example, a first branching of the primitive gut to the lungs and the digestive
subset of nucleic acid molecules is in a first container and a 65 tube. All of the identified mutations are mapped in this

second subset of nucleic acid molecules is in a second
container. In yet another example, a first subset of nucleic

fashion generating a comprehensive developmental muta-
tion map.
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Example 2. Diagnosis of Pancreatic Cancer in a
Patient by Sampling Nuclei Acids Distal to their
Origin

The following illustrates an example of identifying the
origin of a distal nucleic acid utilizing the methods disclosed
herein. A blood sample is obtained from a patient during a
routine visit to the clinic. Cell-free DNA (cfDNA) is
extracted from the blood sample and is sequenced. Sequence
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mal”, sample and the leukocytes are the “tumor” sample.
The sequences are compared and variants that occur only in
the leukemia are identified.

While preferred embodiments of the present invention
have been shown and described herein, it will be obvious to
those skilled in the art that such embodiments are provided
by way of example only. It is not intended that the invention
be limited by the specific examples provided within the
specification. While the invention has been described with

reads are aligned to a reference sequence and mosaic vari- 10 reference to the aforementioned specification, the descrip-
ants are identified. A mutation is identified that is repre-  {iong and illustrations of the embodiments herein are not
sented more frequentl.y. in the cfDNA than may be expected meant to be construed in a limiting sense. Numerous varia-
under ordinary COIld.l tions. The mutation 5 mapped o a tions, changes, and substitutions will now occur to those
developmental mutation map that was previously generated killed in the art without departine from the invention
for the patient using the methods of Example 1. The muta- 15 > . P g :
Lo . . . Furthermore, it shall be understood that all aspects of the
tion is identified as a mutation that was previously deter- . . .. . . .
mined to be associated with the pancreas. This mutation, as invention are not limited to the specific dep}ctlogs, configu-
depicted on the developmental mutation map, is previously rations or rglatlve proportions set forth her ein which depend
identified in the pancreas and the stomach, but not in the upon a variety of .condltlons a.nd variables. It should be
intestine or the bile duct, suggesting the mutation occurred 20 undferstooq that various alter.natlves to the embodlments ,Of
after division of the primitive gut to the foregut, the midgut Fhe wvention des.cr ibed herein may be employed 10 practic-
and the hindgut. This information suggests that a tissue of ing invention. It is therefore contemplated that th.e invention
the foregut may be under stress. A biopsy of the pancreas and shal] also cover any su.ch.alternatlves, modlﬁcatlgns, varia-
the stomach are taken. The sample from the stomach is tions or equivalents. It is 1ptende?d that the following claims
negative but the sample from the pancreas indicates the 25 define the scope of the invention an.d that methods a nd
presence of a small tumor. The patient is diagnosed with structures within the scope of these claims and their equiva-
pancreatic cancer far earlier than may otherwise be detected. lents be covered thereby.
Example 3. Identification of the Tissue of Origin of What is claimed is:
a Tumor Metastasis 30 1. A method of analyzing a biological sample obtained
from a subject being screened for a cancer, wherein the
The following illustrates an example of identifying the biological sample is from a non-fetal source, the method
tissue of origin of a tumor metastasis. A metastatic tumor is comprising:
distal to its origin. In some cancer cases, a primary tumor (a) obtaining a first set of sequence reads and a second set
may no longer exist (e.g., if it has been destroyed by the 35 of sequence reads by sequencing nucleic acid mol-
immune system), but metastases may still exist in other ecules derived from a first set of nucleic acid molecules
places in the body. Because the cells of such a metastasis are and a second set of nucleic acid molecules, wherein
derived from the primary tumor, which was itself derived said first set of sequence reads corresponds to said first
from a cell of the tissue of origin, the metastatic cells may set of nucleic acid molecules and said second set of
still carry the mosaic variants of the original tissue. This may 40 sequence reads corresponds to said second set of
be important because the treatment for a metastatic tumor nucleic acid molecules, wherein said first set of
can depend on the tissue of origin. In this example, a biopsy sequence reads and said second set of sequence reads
of a metastatic tumor is taken from a subject. The nucleic are generated using whole genome sequencing, and
acid molecules are extracted from the tumor, sequenced and wherein (i) said first set of nucleic acid molecules is
mosaic variants are identified. The mosaic variants are 45 extracted from tissue sample of said subject, and (ii)
mapped to a developmental mutation map of the subject. In said second set of nucleic acid molecules is extracted
this example, a variant is identified in the metastatic tumor from leukocytes from a blood sample;
that maps to the pancreas on the mutation map. It is (b) using said first set of sequence reads and said second
determined that the origin of the tumor is the pancreas. The set of sequence reads to identify mosaic variants spe-
subject is treated with an anti-cancer agent that is commonly 50 cific to said tissue sample of said subject in said first set
used to treat pancreatic cancer (e.g., gemcitabine). of sequence reads that is not present in said second set
of sequence reads;
Example 4. Detecting Variants in Leukemia by (c) subsequent to (b), identifying said mosaic variants
Tumor Versus Normal Analysis specific to said tissue sample of said subject in a first
55 additional sample of said subject, wherein said first
In this example, a tumor versus normal analysis using the additional sample is obtained from a source that is
methods described herein is illustrated. In this example, the different than said tissue sample and at a time point that
tumor is a leukemia and may be detected from a nucleic acid is different than said tissue sample; and
sample taken from a leukocyte. A blood sample is taken (d) providing a report based on an identification of said
from a patient during a routine visit to the clinic. The blood 60 mosaic variants specific to said tissue sample of said
sample is centrifuged to separate the blood into plasma, subject in said first additional sample, wherein said
bufly coat, and red blood cells. The plasma contains cfDNA report comprises predicting, diagnosing, and/or prog-
and the buffy coat contains leukocytes (i.e., some of which nosing a status or outcome of a cancer in said subject.
may be leukemia cells). Nucleic acids are extracted from 2. The method of claim 1, further comprising identifying
both the plasma and the leukocytes, the nucleic acids are 65 mosaic variants specific to said tissue sample of said subject

sequenced, and variants are detected in the samples. In this
example, the sequence identified in the cfDNA is the “nor-

in a second additional sample of said subject, wherein said
second additional sample comprises cell-free DNA, which
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second additional sample is obtained at a time point that is
different than said tissue sample and said first additional
sample.

3. The method of claim 2, wherein said first and/or second
additional sample comprises a blood sample, a saliva
sample, a buccal swab, a urine sample, a semen sample, or
a cerebrospinal fluid sample of said subject.

4. The method of claim 2, wherein said mosaic variants
specific to said tissue sample of said subject are selected

56

(c) quantitating said first set of nucleic acid molecules to
determine an amount of nucleic acid molecules present
in said first component separated from a blood sample;

(d) comparing said amount of nucleic acid molecules
present in said first component separated from a blood
sample to a reference quantity;

(e) if said amount of nucleic acid molecules present in
said first component separated from said blood sample
is greater than or equal to a reference quantity, then
obtaining a first set of sequence reads and a second set

from the group consisting of: copy number variation, small 10 of sequence reads generated by sequencing nucleic acid
insertions and deletions (inDels), single nucleotide polymor- molecules derived from said first set of nucleic acid
phisms (SNPs), multiple nucleotide polymorphisms molecules angi said second set of nucleic acid mql-
(MNPs), and any combination thereof. ecules, wherein said first set of sequence reads and said

5. The method of claim 2, wherein said mosaic variants 15 second set of sequence read§ are.generated using whole

specific to said tissue sample of said subject are causal or gend?me sequenczjng}wheljzmﬁsaltd ﬁlr[St sfet of lse.quengg
redisposing for a cancer. reads corresponds to said first set of nucleic aci

g 6. "lPhe mgethod of claim 2, wherein said mosaic variants molecules and' said second set of sequence reads cor-

;peciﬁc to said tissue sample of said subject are non-causal ( f)rlelzlijr?;(:zlitdo ﬁsfsltdsse(:coo;l(siesqi[ezigrlec::zsc jﬁédsﬁzlszgéisé
or a cancer. LA . .

7. The method of claim 2, further comprising enriching 20 set of sequence reads to identify mosaic variants spe-
said extracted nucleic acid molecules of said tissue sample, clllﬁc.to said subjegt 1n.za1d fir S(tl set Otf sequence ree(lids.
blood sample, first additional sample, or second additional (g)t :&l;z;;outelrjlrteign‘zfl)n Si?lleniﬁ“;cijﬁg Ssztig Zf?si??csarg:mss’
sample. . . > . .

: - <1 specific to said subject in a second sample of said

8. The metl}od of claim 1, furth ©F comprising providing a »5 sgb’ect which seco}lld sample is obtaine(? at a time
recommendation for a therapeutic intervention based on an ) 1’1 is diff h P d blood le: and
identification of said mosaic variants specific to said tissue (h)p ot t dat 1s dl erftn{)t ag sal .?10 tsgmli & anf d
sample of said subiect. providing a report based on an identification of sai

9pThe method Jof claim 1, wherein said tissue sample mosaic variants specific to said subject in said second
comprises a metastatic tissue sample, a mixed tissue sample, 5, sample, wherein said report comprises predicting, diag-

a biopsy, or a core needle biopsy.

10. The method of claim 1, further comprising enriching
said extracted nucleic acid molecules of said tissue sample,
blood sample, or first additional sample.

11. The method of claim 1, wherein said mosaic variants
specific to said subject are selected from the group consist-
ing of: copy number variation, small insertions and deletions
(inDels), single nucleotide polymorphisms (SNPs), multiple
nucleotide polymorphisms (HNPs), and any combination
thereof.

12. The method of claim 1, wherein said predicting,
diagnosing, and/or prognosing of (d) comprises one or more
of the following: (i) diagnosing a cancer, (ii) identifying a
cancer, (iii) determining a stage of a cancer, (iv) assessing
risk of a cancer, (v) assessing risk of cancer recurrence, (vi)
assessing reproductive risk, (vii) assessing efficacy of a
drug, (viii) assessing risk of an adverse drug reaction, (ix)
predicting optimal drug dosage, (x) predicting drug resis-
tance, or any combination thereof.

13. The method of claim 1, wherein said mosaic variants
specific to said tissue sample of said subject are identified
using capture probes in said first additional sample of step
(©).
14. A method for early disease detection in a subject using
at least two samples from the subject, wherein the at least
two samples are from a non-fetal source, said method
comprising:

(a) obtaining a blood sample from said subject;

(b) extracting (i) a first set of nucleic acid molecules from

a first component separated from a blood sample of said
subject and (ii) a second set of nucleic acid molecules
from leukocytes from a second component separated
from said blood sample;
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nosing, and/or prognosing a status or outcome of a
disease or condition in said subject.

15. The method of claim 14, wherein said first component
separated from said blood sample comprises cell-free or
surface-bound nucleic acid molecules.

16. The method of claim 14, further comprising identi-
fying mosaic variants specific to said subject in a third
sample of said subject, which third sample is obtained from
a source or at a time point that is different than said blood
sample and said second sample.

17. The method of claim 16, wherein said second or third
sample comprises a blood sample, a saliva sample, a buccal
swab, a urine sample, a semen sample, or a cerebrospinal
fluid sample of said subject.

18. The method of claim 16 wherein said mosaic variants
specific to said subject are selected from the group consist-
ing of: copy number variation, small insertions and deletions
(inDels), single nucleotide polymorphisms (SNPs), multiple
nucleotide polymorphisms (MNPs), and any combination
thereof.

19. The method of claim 14, further comprising providing
a recommendation for a therapeutic intervention based on an
identification of said mosaic variants specific to said subject.

20. The method of claim 14, wherein said mosaic variants
specific to said subject are selected from the group consist-
ing of: copy number variation, small insertions and deletions
(inDels), single nucleotide polymorphisms (SNPs), multiple
nucleotide polymorphisms (HNPs), and any combination
thereof.

21. The method of claim 14, wherein said mosaic variants
specific to said subject are identified using capture probes in
said second sample of step (g).

* #* #* #* #*
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 111,584,968 B2 Page 1 of 1
APPLICATION NO. 1 17/494513

DATED : February 21, 2023

INVENTOR(S) : John West

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Claim 11, Column 55, Lines 37-38, change “multiple nucleotide polymorphisms (HNPs)” to
-- multiple nucleotide polymorphisms (MNPs) --.

Claim 16, Column 56, Lines 38-39, delete “from a source or”.

Claim 20, Column 56, Lines 57-58, change “multiple nucleotide polymorphisms (HNPs)” to
-- multiple nucleotide polymorphisms (MNPs) --.

Signed and Sealed this
Twenty-fifth Day of April, 2023

Kovneing K \6 Vida

Katherine Kelly Vidal
Director of the United States Patent and Trademark Office
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