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SEQUENCING OUTPUT DETERMINATION AND ANALYSIS WITH
TARGET-ASSOCIATED MOLECULES IN QUANTIFICATION ASSOCIATED
WITH BIOLOGICAL TARGETS

CROSS-REFERNCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application serial
number 62/541,565, filed on 04-AUG-2017.

TECHNICAL FIELD
[0002] This disclosure relates generally to the field of genomics.

BRIEF DESCRIPTION OF THE FIGURES

[0003] FIGURES 1A-1C include flowchart representations of variations of
embodiments of a method;
[0004] FIGURE 2 includes a schematic representation of a variation of an

embodiment of a method;

[0005] FIGURE 3 includes specific examples of a target sequence, a target-
associated sequence, and associated primers;

[0006] FIGURE 4 includes a specific example of a PCR primer including a hairpin
sequence;

[0007] FIGURES 5A-5E include a specific example of a product from

amplification with a PCR primer including a hairpin sequence, in a variation of an
embodiment of the method;

[0008] FIGURES 6A-6B include specific examples of chromatogram-related
outputs and abundance metrics;

[0009] FIGURES 7A-7B include specific examples of chromatogram-related
outputs and abundance metrics;

[0010] FIGURE 8 includes a schematic representation of a variation of an

embodiment of a method;
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[0011] FIGURE 9 includes a schematic representation of a variation of an
embodiment of a method;
[0012] FIGURE 10 includes graphical representations of portions of a variation of
an embodiment of a method; and
[0013] FIGURE 11 includes a specific example of a target sequence and target-
associated sequence;
[0014] FIGURES 12A-12B include graphical representations of results from
validating portions of a variation of an embodiment of a method;
[0015] FIGURES 13A-13B include a schematic representation of portions of a
variation of an embodiment of a method.

DESCRIPTION OF THE EMBODIMENTS
[0016] The following description of the embodiments (e.g., including variations of
embodiments, examples of embodiments, specific examples of embodiments, other
suitable variants, etc.) is not intended to be limited to these embodiments, but rather to
enable any person skilled in the art to make and use.
1. Overview.
[0017] As shown in FIGURES 1A-1C and 2, embodiments of a method 100 (e.g., for
determining biological target abundance; for facilitating characterization of one or more
conditions etc.) can include: generating a set of target-associated molecules (e.g., spike-
in molecules, etc.) associated with one or more biological targets S110; generating one or
more spike-in mixtures S120 (e.g., based on processing the set of target-associated
molecules with one or more samples, such as biological samples and/or synthetic
samples, including the one or more biological targets, etc.), such as where the one or more
spike-in mixtures can be configured to facilitate increased accuracy (e.g., though
minimizing amplification biases, such as based on co-amplification of the target-
associated molecules with the one or more biological targets; etc.) and/or increased
deployability (e.g., through compatibility with sequencing technologies such as Sanger
sequencing, etc.); performing one or more sequencing operations S130 (e.g., Sanger

sequencing, etc.), such as based on the one or more spike-in mixtures; and/or
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determining one or more abundance metrics S140 (e.g., an abundance ratio of target
molecules relative target-associated molecules; etc.), such as based on the one or more
sequencing operations for the one or more spike-in mixtures (e.g., based on relative
chromatogram peak intensities between endogenous bases and spike-in bases, etc.).
[0018] Additionally or alternatively, embodiments of the method 100 can include
one or more of: processing a set of reference-associated molecules S115 (e.g., associated
with reference molecules in the sample, where abundance metrics determined in relation
to the set of reference-associated molecules can be compared to target-related abundance
metrics for facilitating characterizations and/or treatments for one or more conditions;
etc.); facilitating the characterization of one or more conditions S150, such as based on
the one or more abundance metrics; facilitating treatment S160 (e.g., of the one or more
conditions based on the one or more abundance metrics, etc.); and/or validating S105,
such as validating one or more portions of embodiments of the method 100; and/or any
other suitable process.

[0019] In a specific example, the method 100 (e.g., for facilitating prenatal
diagnosis of a genetic disorder, such as one or more chromosomal disorders and/or single
gene disorders, from a maternal sample associated with a pregnant woman, ete.) can
include: generating a set of target-associated molecules including a target-associated
sequence including: a target-associated region with sequence similarity to a target
sequence region of a target sequence of a biological target, where the biological target is
associated with the genetic disorder; and a target variation region with sequence
dissimilarity to a sequence region of the target sequence; generating a co-amplified spike-
in mixture based on co-amplifying the set of target-associated molecules and nucleic acid
molecules from the maternal sample, where the nucleic acid molecules include the target
sequence region; Sanger sequencing the co-amplified spike-in mixture to determine at
least one chromatogram-related output (e.g., a chromatogram, peaks corresponding to
bases, intensities of the peaks, etc.) including peaks associated with the target-associated
region, the target sequence region of the biological target, the target variation region, and

the sequence region of the biological target; determining a set of target-associated
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abundance ratios (and/or other suitable abundance metrics; etc.), where each target-
associated abundance ratio, of the set of target-associated abundance ratios, corresponds
to a different pair of a base of the target-associated sequence and a base of the target
sequence (e.g., where the bases of the pair share a same base type; where the bases of the
pair share different base types; etc.), where determining the set of target-associated
abundance ratios includes, for each of the different pairs: determining a peak intensity
metric (e.g., maximum intensity for the peak; overall intensity for the peak; etc.) for the
base of the target-associated sequence of the pair, based on the at least one
chromatogram-related output (e.g., based on intensity values for peaks, determined
based on the Sanger sequencing; etc.); determining a peak intensity metric for the base of
the target sequence of the pair, based on the at least one chromatogram-related output;
and determining a target-associated abundance ratio (e.g., a ratio of the peak intensity
metric for the base of the target sequence to the peak intensity metric for the base of the
target-associated molecule sequence; etc.) of the set of target-associated abundance
ratios, based on the peak intensity metric for the base of the target-associated sequence
and the peak intensity metric for the base of the target sequence; determining an overall
target-associated abundance ratio based on the set of target-associated abundance ratios;
and/or facilitating the prenatal diagnosis of the genetic disorder based on a comparison
between the overall target-associated abundance ratio and a reference-associated overall
abundance ratio (and/or other suitable reference-associated abundance metrics; etc.)
describing abundance of a biological reference relative reference-associated molecules.

[0020] In a specific example, the method 100 (e.g., for facilitating characterization
of a medical condition, such as one or more genetic disorders and/or cancer conditions,
from a sample including target molecules, etc.) can include: generating a set of target-
associated molecules including a target-associated sequence including: a target-
associated region with sequence similarity to a target sequence region of a target sequence
of a biological target, where the biological target is associated with the genetic disorder;
and a target variation region with sequence dissimilarity to a sequence region of the target

sequence; performing Sanger sequencing based on the set of target-associated molecules
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and the target molecules including the target sequence, to determine at least one
chromatogram-related output including a set of peaks associated with the target-
associated region, the target sequence region of the biological target, the target variation
region, and the sequence region of the biological target; determining a set of target-
associated abundance ratios (and/or other suitable abundance metrics; etc.) for a set of
different pairs of bases based on the set of peaks of the at least one chromatogram-related
output, where each different pair of bases, from the set of different pairs of bases,
corresponds to a pair of a base of the target-associated sequence and a base of the target
sequence; and/or facilitating the characterization (e.g., detection, diagnosis, etc.) of the
medical condition based on the set of target-associated abundance ratios and a set of
reference-associated abundance ratios (and/or other suitable reference-associated
abundance metrics; etc.) describing abundance of a biological reference relative
reference-associated molecules (e.g., facilitating the characterization based on a
comparison between an overall target-associated abundance ratio and an overall
reference-associated abundance ratio; where the overall target-associated abundance
ratio can be determined based on combination of the set of target-associated abundance
ratios; where the overall reference-associated abundance ratio can be determined based
on combination of the set of reference-associated abundance ratios; etc.).

[0021] In a specific example, the method 100 (e.g., for biological target
quantification from a sample including target molecules, etc.) can include: determining
at least one chromatogram-related output associated with a set of target-associated
molecules and a set of target molecules, based on Sanger sequencing (e.g., by a third party,
by any suitable entity; etc.) associated with the set of target-associated molecules and the
set of target molecules, where the set of target-associated molecules includes a target-
associated sequence including: a target-associated region with sequence similarity to a
target sequence region of a target sequence of a biological target, where the set of target
molecules includes the target sequence region; and a target variation region with
sequence dissimilarity to a sequence region of the target sequence; determining a set of

target-associated abundance ratios (and/or other suitable abundance metrics; etc.) for
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different sets of bases based on the at least one chromatogram-related output, where each
different set of bases, from the different sets of bases, includes at least one base of the
target-associated sequence and at least one base of the target sequence; and/or
determining an overall abundance metric describing an abundance of the biological target
for the sample, based on the set of target-associated abundance ratios.

[0022] In a specific example, the method 100 can include: generating a set of
target-associated nucleic acids (e.g., spike-in nucleic acids; etc.), where the nucleic acids
include one or more target-associated regions (e.g., the set of target-associated nucleic
acids including a target-associated nucleic acid sequence including the target-associated
region; sequence regions including a nucleotide sequence matching a target sequence
region of a target sequence of a target molecule in the sample, where the target molecules
correspond to the biological target; etc.) associated with a target chromosome (e.g.,
chromosome 21; where different sets of target-associated nucleic acids can be generated,
where different sets can correspond to different loci of chromosome 21 and can include
different target-associated regions with sequence similarity to different target sequence
regions of target sequences, where the different target sequence regions or the target
sequences can correspond to different loci; etc.), and include one or more variation
regions (e.g., sequence insertions; sequence deletions; variation sequences with a
plurality of shuffled bases relative a target sequence, such as a target sequence identifying
chromosome 21, etc.); combining the set of target-associated nucleic acids with a set of
target nucleic acids (e.g., endogenous DNA molecules identifying chromosome 21) from
a sample (e.g., a maternal blood sample from a pregnant female; etc.); co-amplifying the
set of target-associated nucleic acids and the set of target nucleic acids (e.g., for each
different set of target-associated nucleic acids corresponding to a different loci, co-
amplifying the set of target-associated nucleic acids with the set of target nucleic acids
corresponding to the loci; etc.) based on a set of target-associated primers (e.g., targeting
a sequence shared by the target-associated nucleic acids and the target nucleic acids),
thereby generating one or more spike-in mixtures; performing Sanger sequencing on the

one or more spike-in mixtures (and/or the set of target-associated nucleic acids
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separately, the target nucleic acids separately, and/or other suitable molecules) to
determine one or more chromatogram-related outputs; performing statistical estimation
analysis (e.g. general linear regression, non-negative least squares, compressive sensing,
random sample consensus; etc.) on the one or more chromatogram-related outputs (e.g.,
chromatograms from the Sanger sequencing; peak data, such as peak intensity data
including peak intensity metrics, from the Sanger sequencing; etc.) for pairs of target
sequence base and target-associated sequence base (e.g., for pairs of the same base type
corresponding to an original sequence position for the target sequence and a shifted
sequence position for the target-associated sequence, such as where the variation region
of the target-associated sequence includes one or more insertions and/or deletions; at
positions corresponding to the variation region, such as where the variation region
includes a set of shuffled base types relative the target sequence; etc.); for each pair,
extracting an individual abundance ratio of endogenous to spike-in based on comparing
a peak intensity metric (e.g., a maximum intensity for the peak; an overall intensity for
the peak; etc.) (and/or other suitable sequencing output) for the target sequence base to
a peak intensity metric (and/or other suitable sequencing output) for the target-
associated sequence base; generating an overall abundance ratio based on the individual
abundance ratios (e.g., averaging individual abundance ratios for different pairs of target
sequence base and target-associated sequence base associated with a plurality of target
loci for chromosome 21; averaging abundance ratios across loci; etc.); and facilitating one
or more characterizations of one or more conditions (e.g., Down syndrome diagnosis,
other condition characterizations, analyses of the sequencing outputs, etc.) based on the
abundance ratios (e.g., based on comparing the overall abundance ratio for chromosome
21 to a reference overall abundance ratio calculated for a reference chromosome such as
chromosome 18 based on processing reference-associated molecules with reference
molecules from the sample according to portions of an embodiment of the method 100;
where the comparison can facilitating characterization of Down syndrome and Edwards
syndrome; etc.).

[0023] Embodiments of the method 100 and/or system 200 can function to
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improve cost-effectiveness (e.g., through leveraging Sanger sequencing technology, etc.),
deployability (e.g., in countries with limited access to genome sequencing systems, etc.),
and accuracy (e.g., associated with coefficient of variation of less than 1% and/or any
suitable accuracy, etc.) in relation to determining abundance metrics (e.g., molecule
counts) for one or more biological targets. Embodiments of the method 100 and/or
system 200 can additionally or alternatively function to leverage the abundance metrics
to characterize (e.g., diagnose) and/or treat (e.g., through treatment determination,
treatment evaluation and modification over time, etc.) one or more conditions.
Embodiments of the method 100 and/or system 200 can additionally or alternatively
function to overcome issues with conventional approaches, such as by increasing
multiplexing capacity over applications (e.g., digital PCR), improving accuracy over
applications (e.g., gPCR), and/or any other suitable improvements. However,
embodiments can include any suitable functionality.

[0024] Embodiments of the method 100 and/or system 200 can be used in
association with one or more conditions (e.g., in association with characterizing,
diagnosing, treating, and/or performing processes related to one or more conditions;
etc.), where the conditions can include and/or otherwise be associated with one or more
of: noninvasive prenatal testing (NIPT) (e.g., in relation to genetic screening for presence
of chromosomal abnormalities including aneuploidy, such as trisomy 21 or Down
syndrome, trisomy 18 or Edwards syndrome, trisomy 13 or Patau syndrome, sex
chromosome aneuploidies such as Turner syndrome, other suitable aneuploidies;
chromosomal abnormalities including DiGeorge syndrome; in relation to genetic
screening for single gene disorders; rare variant-associated conditions; etc.); other
prenatal testing; aneuploidy analysis and/or other suitable analysis outside of a prenatal
context; genetic disorders (e.g., single gene disorders including sickle cell disease and/or
rare variant-associated conditions; chromosomal abnormalities; disorders associated
with gene amplification; gene deletion; partial chromosomal abnormalities; 22q11.2
deletion syndrome or DiGeorge syndrome; Charcot-Marie-Tooth syndrome, cystic

fibrosis, Huntington's disease; Duchenne muscular dystrophy; hemophilia, thalassemia;
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rare variant-associated conditions etc.), other conditions associated with chromosome
abnormalities (e.g., additional, missing, irregular chromosomal DNA, etc.), rare variant-
associated conditions, cancer (e.g., through analyzing gene amplifications of oncogenes
in tumor biopsies; through analyses associated with one or more of HER2, MET, MYC-N,
MYC-C, EGFR, FGFRi, ER/PR, KRAS, UGTiA1, c-KIT, CD20, CD30, FIPiLi-
PDGFRalpha, PDGFR, VCR/ABL, PML/RAR-alpha, TPMT, UGT1A1, EML4/ALK, BRAF,
and/or any other suitable oncogenes, cancer biomarkers, and/or other cancer-associated
targets; analyzing biopsy samples to evaluate the prevalence of circulating-tumor DNA
over time in determining and/or evaluating treatments such as herceptin; etc.), and/or
any other suitable conditions. Conditions can additionally or alternatively include:
psychiatric and behavioral conditions (e.g., a psychological disorder; depression;
psychosis; etc.); communication-related conditions (e.g., expressive language disorder;
stuttering; phonological disorder; autism disorder; voice conditions; hearing conditions;
eye conditions; etc.); sleep-related conditions (e.g., insomnia, sleep apnea; etc.);
cardiovascular-related conditions (e.g., coronary artery disease; high blood pressure;
etc.); metabolic-related conditions (e.g., diabetes, etc.), rheumatoid-related conditions
(e.g., arthritis, etc.); weight-related conditions (e.g., obesity, etc.); pain-related
conditions; endocrine-related conditions; genetic-related conditions; chronic disease;
and/or any other suitable type of conditions.

[0025] Embodiments of the method 100 and/or system 200 can additionally or
alternatively transform entities (e.g., samples, targets, references, synthesized molecules,
users, sample handling systems, sequencing systems, computational systems, etc.) into
different states or things. For example, the method 100 can include synthesizing spike-in
molecules (e.g., target-associated molecules, etc.) including shared regions (e.g., a shared
nucleotide sequence) and variation regions (e.g., a shuffled nucleotide sequence) relative
a biological target, where such spike-in molecules can be processed alongside target
molecules (e.g., co-amplified with the target molecules, using the same primers, etc.) for
transformation into forms suitable for accurate abundance determination while

minimizing amplification bias (e.g., where co-amplification occurs at the same efficiency
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for both the target-associated molecules and the target molecules; etc.), such as through
performing Sanger sequencing and associated computational analysis based on results
from the Sanger sequencing with the spike-in mixtures. Such processes can enable
previously unperformable abundance quantification (e.g., for target molecules, for
reference molecules, etc.), condition characterizations (e.g., improved diagnoses for one
or more conditions; etc.), and/or treatment (e.g., through facilitating improved accuracy
for meaningful quantification and comparisons of spike-in molecules and target
molecules, such as target molecules associated with different loci; through facilitating
abundance determination over time for treatment provision and evaluation over time;
etc.). However, embodiments of the method 100 and/or system 200 can provide any other
suitable benefit(s), such as in the context of using non-generalized components of
portions of embodiments of the system 200 for performing unconventional portions of
embodiments of the method 100.

[0026] Additionally or alternatively, data described herein (e.g., abundance
metrics; characterizations; sequencing outputs; ratios; identifiers; molecule designs such
as target-associated molecule designs, reference-associated molecule designs, primer
designs, experiment designs; sequence designs; sequence region designs; experimental
results; validation results; condition-related data; treatment-related data; etc.) can be
associated with any suitable temporal indicators (e.g., seconds, minutes, hours, days,
weeks, time periods, time points, timestamps, etc.) including one or more: temporal
indicators indicating when the data was collected, determined, transmitted, received,
and/or otherwise processed; temporal indicators providing context to content described
by the data, such as temporal indicators indicating different stages of spike-in mixture
generation and/or suitable sequencing library preparation and/or sequencing; changes
in temporal indicators (e.g., data over time, such as abundance metrics over time, which
can be used in facilitating characterization of one or more conditions and/or facilitating
treatment, such as in relation to cancer condition monitoring; change in data; data
patterns; data trends; data extrapolation and/or other prediction; etc.); and/ or any other

suitable indicators related to time.
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[0027] Additionally or alternatively, parameters, metrics, inputs, outputs, and/or
other suitable data described herein can be associated with value types including any one
or more of: scores, binary values, classifications, confidence levels, identifiers (e.g.,
sample identifiers, molecule identifiers for any suitable molecules described herein, etc.),
values along a spectrum, and/or any other suitable types of values. Any suitable types of
data described herein can be used as inputs, generated as outputs, and/or manipulated in
any suitable manner for any suitable components associated with embodiments of the
method 100 and/or system 200.

[0028] One or more instances and/or portions of embodiments of the method 100
and/or processes described herein can be performed asynchronously (e.g., sequentially),
concurrently (e.g., in parallel; concurrently processing samples in a multiplex, automated
manner; concurrently computationally processing Sanger sequencing-produced outputs
such as peak data and/or chromatograms to improve system processing ability; any
suitable concurrent computational processing for any suitable number of samples,
mixtures, sequencing outputs, and/or other components; multiplex sample preparation
and/or sequencing operations; etc.), in temporal relation to a trigger event, and/or in any
other suitable order at any suitable time and frequency by and/or using one or more
instances of the system 200, components, and/or entities described herein.

[0029] Embodiments of the system 200 can include one or more sample handling
networks configured to generate molecules (e.g., target-associated molecules; reference-
associated molecules; etc.), process samples (e.g., biological samples; synthetic samples;
samples from users; etc.), and/or perform other suitable processes; one or more
sequencing systems (e.g., Sanger sequencing systems; etc.) configured to sequence
processed genetic material from spike-in mixtures, other mixtures, and suitable samples,
and/or any suitable components; one or more computing systems (e.g., remote
computing system, local computing system, etc.) configured to analyze sequencing
outputs of the one or more sequencing systems (e.g., in determining one or more
abundance metrics; in facilitating characterizations of one or more conditions; in

facilitating treatment; etc.); and/or any other suitable components. Portions of
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embodiments of the method 100 and/or system 200 are preferably performed by a first
part but can additionally or alternatively be performed by one or more third parties, users,

and/or any suitable entities (e.g., care providers, lab technicians, etc.).

[0030] However, the method 100 and system 200 can be configured in any suitable
manner.

2.1 Generating target-associated molecules.

[0031] Embodiments of the method 100 can include generating one or more target-

associated molecules S110 (e.g., associated with one or more biological targets, etc.),
which can function to synthesize one or more molecules sharing one or more
characteristics (e.g., sequence characteristics, functional characteristics, structural
characteristics, evolutionary characteristics, etc.) with the one or more targets (e.g.,
biological targets; etc.), which can facilitate similar sample processing parameters (e.g.,
Sanger sequencing conditions for sequencing of a spike-in mixture including the target-
associated molecules and the target molecules, for sequencing the target-associated
molecules individually or the target molecules individually; similar amplification
parameters during PCR-based amplification, such as through co-amplification of target-
associated molecules and target molecules, of reference-associated molecules and
reference molecules; etc.) to reduce bias (e.g., amplification bias, etc.) and/or to improve
accuracy during downstream processing (e.g., for statistical estimation such as linear
regression; peak analysis; association and/or identification of pairs and/or sets of bases
of different sequence for facilitating abundance ratio determination; deconvolution;
performance of multiple instances of embodiments of the method 100 over time; etc.).

[0032] Target-associated molecules preferably include one or more target-
associated sequences (e.g., nucleotide sequences; each target-associated molecule of a set
of target-associated molecules corresponding to a same or similar target-associated
molecule sequence; etc.), where a target-associated sequence can include one or more
target-associated regions. For example, a target-associated sequence can include a target-
associated region with sequence similarity (e.g., full sequence similarity; sequence

similarity greater than a threshold percentage and/or amount; etc.) to one or more target
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sequence regions of one or more target sequences of one or more biological targets (e.g.,
a target sequence corresponding to the biological target; etc.), where the one or more
biological targets can be associated with one or more medical conditions.

[0033] Target-associated regions (and/or the target-associated molecules and/or
target-associated sequences) are preferably associated with (e.g., sharing nucleotide
sequences with; sharing sets of bases with a target sequence at corresponding positions;
able to be processed with; able to be Sanger sequenced with; able to be amplified with,
such as through co-amplification; able to be targeted by the same primers;
complementary to; targeting; digitally associated with in a computing system; etc.) one
or more biological targets and/or target molecules (e.g., target molecules corresponding
to biological targets; target molecules including target sequence regions of biological
targets; etc.). Biological targets (e.g., target markers; corresponding to, causing,
contributing to, therapeutic in relation to, correlated with, and/or otherwise associated
with one or more medical conditions; targets of interest; known or identified targets;
unknown or previously unidentified targets; etc.) can include any one or more of target
sequence regions (e.g., sequences identifying a chromosome; sequences indicative of a
condition; sequences that are invariant across a population and/or any suitable set of
subjects; conserved sequences; sequences including mutations, polymorphisms;
nucleotide sequences; amino acid sequences; etc.), genes (e.g., associated with one or
more single gene disorders, etc.), loci, chromosomes (e.g., associated with one or more
chromosomal abnormalities; etc.) proteins (e.g., serum proteins, antibodies, etc.),
peptides, carbohydrates, lipids, nucleic acids (e.g., extracellular RNA, microRNA,
messenger RNA, where abundance determination for RNA targets can include suitable
reverse transcriptase operations, etc.), cells (e.g., whole cells, etc.), metabolites, natural
products, cancer biomarkers (e.g., molecules secreted by tumors; molecules secreted in
response to presence of cancer; etc.), genetic predisposition biomarkers, diagnostic
biomarkers, prognostic biomarkers, predictive biomarkers, other molecular biomarkers,
gene expression markers, imaging biomarkers, and/or other suitable targets. Targets are

preferably associated with conditions described herein, and can additionally or
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alternatively be associated with one or more conditions including: symptoms, causes,
diseases, disorders, and/or any other suitable aspects associated with conditions. In an
example, target-associated molecules can include nucleotide sequences identical to one
or more regions of a target sequence of a target molecule (e.g., identifying chromosome
21), where primers can concurrently target both the target-associated molecules and the
target molecules by targeting the identical regions (e.g., for facilitating co-amplification,
such as to reduce amplification bias, etc.). In an example, as shown in FIGURE 3, a target-
associated sequence (e.g., “spk” sequence), can include target-associated regions with
sequence similarity to target sequence regions of the target sequence (e.g., “hgi9”
sequence), such as where a set of primers (e.g., for a first PCR process, for a second PCR
process; “chr21:14439004_PCR2_FP”, “chr21:14439076_PCR2_RP_hp”,
“chr21:14439004_PCR1_FP”, “chr21:14439076_PCR1_RP”; PCR primers including one
or more hairpin sequences; etc.) can target both the target-associated sequence and the
target sequence (e.g., for facilitating co-amplification and corresponding reduction of
amplification biases; etc.). In an example, target-associated molecules can include
sequences with any suitable sequence identity to target sequences, where any number
and/or type of primers can be used in concurrently or separately targeting the target-
associated molecules and target molecules. In a specific example, the biological targets
can include target sequences identifying a chromosome corresponding to an aneuploidy-
associated condition (e.g., in relation to NIPT for aneuploidies in chromosomes 21, 18, 13,
etc.). In a specific example, the biological targets can include target sequences identifying
oncogenes (e.g., in relation to determining cancer condition metrics, evaluating cancer
treatments, etc.). However, targets (e.g., biological targets, etc.) can be configured in any
suitable manner. Additionally or alternatively, target-associated molecules (e.g., target-
associated regions of target-associated molecules; etc.) can share any suitable
characteristics (e.g., components, etc.) with biological targets (e.g., with target molecules
corresponding to biological targets; etc.), such as to facilitate similar sample processing
parameters to be able to subsequently generate meaningful comparisons between

abundance metrics for the target-associated molecules and the target molecules.
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However, target-associated molecules can be configured in any suitable manner.

[0034] As shown in FIGURE 11, target-associated molecules preferably include
target variation regions (e.g., variation regions of target-associated sequences of target-
associated molecules; each target-associated molecule including one or more variation
regions; etc.), where a variation region can include different characteristics from the
characteristics of the target molecule. Variation regions preferably include one or more
variations (e.g., insertions, deletions, substitutions, ete.), such as variations that can
enable a corresponding target-associated molecule (e.g., the target-associated molecule
including a target-associated sequence including the variation region; etc.) to proceed
through sample processing operations in a similar manner to the corresponding target
molecules (e.g., nucleic acids including a target sequence region of a biological target;
etc.), while facilitating differentiation of the target-associated molecules from the target
molecules (e.g., during determining of sequencing outputs; during determination of
abundance metrics, such as performing statistical estimation analysis; for facilitating
characterizations and/or treatments of one or more medical conditions; during post-
processing of chromatogram-related outputs from Sanger sequencing of spike-in
mixtures and/or suitable samples; such as during deconvolution of overlapping peaks for
pairs of target-associated base and target base, such as pairs corresponding to positions
of variation regions and/or other suitable regions; during statistical estimation analyses
to fit the abundances for target-associated sequences and target sequences; etc.). Such
differentiation can facilitate determination of different corresponding abundance metrics
that can be meaningful compared (e.g., quantitative comparison between peak intensities
of pairs and/or sets of bases; comparison and/or combination of individual abundance
metrics, such as to determine overall abundance metrics; such as for facilitating
characterization and/or treatment; etc.) In an example, the variation region can include
a sequence variation region including a nucleotide sequence differing from a sequence
region of a target sequence of a target molecule. In a specific example, as shown in
FIGURE 3, a target-associated sequence (e.g., “spk” sequence; etc.), can include a deletion

(e.g., a three nucleotide deletion; etc.) relative a sequence region of the target sequence
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(e.g., relative an “att” sequence region of the “hg19” target sequence; etc.). Additionally or
alternatively, variation regions can include any suitable number of substitutions,
insertions, deletions, and/or other modifications of any suitable size (e.g., insertions
and/or deletions of any suitable number of nucleotides; any suitable number of point
mutations, such as 10 point mutations; etc.) in relation to any suitable bases and/or base
types.

[0035] In a specific example, the variation regions can facilitate determination of
sequencing outputs (e.g., peak intensities, peak area, peak data, chromatograms, etc.) for
any target-associated base (e.g., of a target-associated sequence; etc.) and/or target base
(e.g., of a target sequence; etc.), such as where a sequencing output (e.g., peak intensity
metric) for a target-associated base at one or more regions (e.g., a target-associated
region, a variation region, etc.) can be compared to a sequencing output (e.g., peak
intensity metric, etc.) for a corresponding target base at a different position (e.g., where a
position of a corresponding base can be shifted due to one or more insertions and/or
deletions of a variation region; etc.) or same position (e.g., for point substitutions of a
variation region; etc.), such as for determining one or more abundance metrics. In a
specific example, as shown in FIGURE 11, the target-associated molecule can include a
nucleotide sequence variation region differing from the corresponding target nucleotide
sequence by 10 bases (e.g., where the target sequence includes a "TCTTGGATAG" region
and where the variation region includes a "CTGGTTTAGA" region at corresponding
positions, etc.), where each of the 10 base difference can enable a different individual
abundance ratio metric of endogenous to spike-in that can be used in generating an
overall abundance ratio of improved accuracy. Additionally or alternatively, the variation
region can include differences (e.g., relative a target sequence, etc.) of any suitable
number of bases.

[0036] Variation regions can be designed in coordination with the target-
associated regions to facilitate appropriate sequence dissimilarity and sequence
similarity, respectively (e.g., determining characteristics of the variation regions and/or

target-associated regions to facilitate improved sequencing outputs given sequencing
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parameters associated with the sequencing technologies, such as Sanger sequencing;
etc.).

[0037] Sequence variation regions can differ by target sequences by any suitable
number and type of bases, at any suitable positions (e.g., sequential positions, non-
sequential; etc.), across any suitable loci, for any suitable chromosome and/or other
target, and/or can differ from target sequences in any suitable manner. Sequence
variation regions can include any one or more of substitutions, insertions, deletions, any
suitable mutation types, and/or any suitable modifications (e.g., relative one or more
sequence regions of a target sequence and/or biological target; etc.).

[0038] In a variation, sequence variation regions can include randomly shuffled
bases (e.g., in equal proportion of base types, in predetermined portions for the base
types, etc.). In a variation, the method 100 can include selecting bases of the target
sequence to modify (e.g., based on optimizing Sanger sequencing output results, such as
through selecting a specific sequence of base types to account for a Sanger output quality
dependence on order of bases and base type in a sequence; based on facilitating statistical
estimation, unmixing, deconvolution during computational post-processing; based on a
number of base differences required to achieve a threshold abundance metric accuracy
while minimizing amplification biases; etc.).

[0039] Additionally or alternatively, variation regions can include non-sequence
variation regions, with functional, structural, evolutionary, and/or other suitable
characteristics that are different from the characteristics of the one or more target
molecules (e.g., of any suitable type, etc.). However, variation regions can be configured
in any suitable manner, and target-associated molecules can include any suitable
nucleotide sequence regions.

[0040] In variations, target-associated molecules can include one or more
sequencing regions (e.g., of sequencing molecules; etc.) configured to aid in sequencing
operations (e.g., operation of sequencing systems; determination of sequencing outputs,
such as of increased accuracy and/or of a form enabling quantitative comparison and/or

quantification; etc.) S130, determining abundance metrics S140, and/or any suitable
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portions of the method 100 (e.g., facilitating characterizations Si150 and/or facilitating
treatment S16; etc.). In a variation, a target-associated molecule (e.g., a target-associated
sequence of a target-associated molecule; etc.) can include (e.g., through addition of, etc.)
one or more Sanger-associated sequence regions (e.g., configured to improve Sanger
sequencing outputs, etc.) and/or any suitable sequencing regions, which can include any
one or more of additional target-associated regions (e.g., with sequence similarity to
additional target sequence regions of one or more target sequences, such as the same or
different target sequences, of one or more biological targets, such as the same or different
biological targets; etc.); sequence repeats (e.g., of any suitable regions of target-associated
molecules, target molecules, reference-associated molecules, reference molecules, any
suitable sequences, regions, and/or molecules described herein; etc.); and/or any suitable
sequence regions (e.g., sequencing regions described herein in relation to being added to
one or more molecules; etc.).

[0041] In a variation, the Sanger-associated sequence regions can include specific
nucleotide sequences (e.g., of a predetermined length, with specifically selected
nucleotides; etc.) preceding (and/or in any suitable positional relationship with) a
sequence variation region and/or other suitable region of the target-associated molecule,
which can facilitate repositioning of the sequence variation region to be at positions (e.g.,
at bases 100-500, at bases 200-500, during Sanger sequencing, and/or at any suitable
positions) corresponding to improved Sanger sequencing chromatogram-related outputs.
In a specific example, Sanger BigDye 1.1 chemistry can be applied for improved accuracy
in relation to the beginning regions of a sequence (e.g., where LCR and/or RCA, such as
shown in FIGURES 13A-13B, can be omitted; etc.). In a specific example, Sanger BigDye
3.1 chemistry can be applied to enable longer sequencing reads, where a beginning
sequence region (e.g., around 200 bp and/or other suitable size) can be used (e.g.,
inserted prior to the target sequence region and/or target-associated sequence region) for
improved accuracy (e.g., such as through LCR and/or RCA, such as shown in FIGURES
13A-13B, which can enable multiplexing). However, Sanger-associated sequence regions

can be configured in any suitable manner.
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[0042] Additionally or alternatively, sequencing molecules can include sequencing
primers configured to facilitate processes by sequencing systems, adapter sequences,
and/or other suitable components associated with any suitable sequencing systems.
However, sequencing molecules can be configured in any suitable manner.

[0043] The target-associated molecules (and/or other suitable components
described herein, such as reference-associated molecules, components of spike-in
mixtures, etc.) can be of any suitable size (e.g., 100-500 base pairs, 200-500 base pairs,
in length and including repeats of sequence regions, such as target-associated regions
and/or variation regions; similar or different length as target molecules; 80-150 base
pairs in length, including a variation region of 10 base pairs of shuffled base types; etc.).
The set of target-associated molecules can include any number of target-associated
molecules associated with any suitable number of targets (e.g., any number of target
sequences associated with any number of loci, chromosomes, cancer biomarkers, target
biomarkers, etc.), samples (e.g., concurrently synthesizing a batch of molecules for use
with samples across multiple users, for user with multiple samples for a single user, to
improve efficiency of the sample handling system; etc.), conditions (e.g., set of target-
associated molecules associated with biological targets associated with different
conditions; etc.), and/or other suitable aspects.

[0044] In variations, generating target-associated molecules can include
generating different types of target-associated molecules (e.g., including different target-
associated regions, different variation regions, different sequence molecules, etc.), such
as sets of target-associated molecules (e.g., each set corresponding to a different type of
target-associated molecules; etc.). Target-associated molecules can include sets of target-
associated molecules (e.g., a plurality of different sets, etc.), each set including a different
target-associated region associated with (e.g., with sequence similarity to; etc.) a different
target sequence region (e.g., different target sequence regions of a same target sequence
and/or biological target such as a chromosome; different target sequence regions of
different target sequences and/or biological targets such as different genes; etc.), which

can facilitate different pairs and/or sets of a target-associated region type (e.g.,
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corresponding to a specific target-associated region sequence; etc.) and a target sequence
region type (e.g., corresponding to a specific target sequence of a biological target; etc.),
and/or different pair and/or sets of bases (e.g., where the bases of the pair and/or set can
be from a target-associated sequence and a target sequence; etc.), such as to determine
corresponding abundance metrics such as individual abundance ratios (e.g.,
corresponding to the different pairs; such as individual abundance ratios corresponding
to different sets of bases, where the different sets of bases can correspond to different loci
of a chromosome biological target; etc.), which can be used in determining an overall
abundance metric with increased accuracy through, for example, averaging and/or
performing any suitable combination operations with the individual abundance metrics.

[0045] In a specific example, different sets of target-associated molecules can be
associated with different target sequences (and/or target sequence regions, etc.) across
different loci. In a specific example, each set can be associated with a different locus for
the same chromosome (e.g., a first, second, third, and fourth locus for a chromosome,
such as shown in FIGURE o; etc.), where a sequence of a target-associated molecule of a
given set can include a sequence region shared by the locus corresponding to the set, and
can include a sequence variation region differing (e.g., by insertions, deletions, base
substitutions, etc.) from the sequence for the locus.

[0046] Any number of sets of target-associated molecules and/or any number of
types of target-associated molecules can be generated and/or associated with any suitable
number of biological targets. In an example, selecting different target-associated
molecule sets can be based on sequencing parameters, accuracy requirements for a given
condition and/or application (e.g., selecting a number of sets leading to a corresponding
suitable number of individual abundance metrics to be used in achieving a target accuracy
for diagnosing Down syndrome), and/or can be selected based on any suitable criteria
(e.g., parameter to be optimized). However, generating different sets of target-associated
molecules can be performed in any suitable manner.

[0047] Generating target-associated molecules can include determining target

sequences (e.g., target sequence regions of target sequences; any suitable regions of target
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sequences; etc.), which can function to select target sequences upon which the generation
of target-associated molecules can be based. Determining target sequences can be based
on any one or more of: condition (e.g., selecting target sequences identifying chromosome
21 for facilitating Down syndrome diagnosis; selecting target sequences identifying
oncogenes; etc.), sequencing parameters (e.g., selecting target sequences of a particular
length, nucleotide sequence, and/or other parameter for optimizing chromatogram-
related output quality from Sanger sequencing; for generating chromatogram-related
outputs suitable for statistical estimation analysis and/or other suitable; for reducing
cost, improving accuracy, improving reproducibility, and/or for other suitable
optimizations in relation to sequencing systems and/or operations, etc.); amplification
parameters (e.g., selecting target sequences of a particular length, nucleotide sequence,
and/or other parameter for optimizing amplification specificity, such as in relation to
primer specificity for the target sequences in relation to polymerase chain reaction
amplification; etc.), other sample processing parameters, and/or other suitable criteria.
In an example, determining target sequences can include computationally searching a
database (e.g., DNA database, genome database, gene expression database, phenotype
database, RNA database, protein databases, etc.) to generate a target sequence candidate
list; and filtering the target sequence candidate list based on criteria described herein,
and/or any suitable criteria. In a specific example, determining targeting sequences can
include extracting a target sequence candidate list (e.g., based on exome pull down; merge
into chunks of a suitable number of base pairs; etc.); filtering out candidates including
defined types of mutations and/or polymorphisms (e.g., filtering out candidates
associated with common single nucleotide polymorphisms to obtain candidates with
relative invariance across subjects of a population, etc.); identifying primers for the
remaining candidates (e.g., with a Primer-BLAST for 80-150 bp amplicons); and
determining candidate regions that are suitable for variation in generating a variation
region of target-associated molecule (e.g., through scrambling bases at positions relative
a forward primer and/or other region of the sequence, etc.). However, determining target

sequences can be performed in any suitable manner.

21



CA 03071366 2020-01-27

WO 2019/028470 PCT/US2018/045419

[0048] Generating the target-associated molecules can include synthesizing the
molecules through performing any one or more of: amplification (e.g., PCR amplification,
such as with PCR primers including one or more hairpin sequences; etc.), plasmid-based
nucleic acid synthesis (e.g., including both target-associated molecules and reference-
associated molecules respectively corresponding to different loci of a target chromosome
and a reference chromosome; using plasmids including any suitable cut sites, origin of
replication sites, multiple cloning sites, selectable markers, reporter markers, backbone,
and/or other components; etc.), other artificial gene synthesis techniques, amplification
techniques (e.g., polymerase chain reaction, rolling circle amplification, etc.), ligation
techniques (e.g., Ligase Cycling Reaction, etc.), phosphoramidite approaches, post-
synthetic processing, purification (e.g., using high-performance liquid chromatography
or other chromatography approaches, desalting, washing, centrifuging, etc.), tagging
techniques (e.g., molecular tagging techniques, fluorescent tagging techniques, particle
labeling techniques, etc.), molecule cloning techniques, and/or any suitable sample
processing technique.

[0049] In a variation, synthesizing target-associated molecules can include
generating a target-associated sequence including a plurality of sequence regions
associated with different targets (e.g., different loci across the same chromosome,
different loci of different chromosomes, different oncogenes, etc.). In a specific example,
a type of target-associated molecule can be configured to reduce the number of required
sequencing operations (e.g., a target-associated molecule type that facilitates generation
of a chromatogram-related output informative of a plurality of targets and generated
using a single Sanger sequencing run; etc.); however, target-associated molecule types
can be synthesized to optimize for any suitable parameter. Additionally or alternatively,
any suitable number of molecules and/or types of molecules associated with any number
of targets can be generated at any suitable time and frequency.

[0050] However, generating target-associated molecules S110 can be performed in

any suitable manner.
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2.2 Generating a spike-in mixture.

[0051] Embodiments of the method 100 can include generating (e.g., facilitating
generation of, etc.) one or more spike-in mixtures S120 (e.g., based on processing the set
of target-associated molecules with target molecules from one or more samples from a
user, etc.), which can function to amplify (e.g., under similar amplification parameters),
perform pre-processing upon (e.g., sample preparation, lysis, bead-based processes,
other purification and/or nucleic acid extraction techniques, etc.), modify (e.g., generate
sequence repeats, combine sequences associated with different targets, etc.) and/or
otherwise process the target-associated molecules, target molecules, and/or other
suitable molecules (e.g., reference-associated molecules, reference molecules, etc.) into a
form suitable for subsequent analysis (e.g., Sanger sequencing, etc.) and abundance
metric determination (e.g., based on outputs from the Sanger sequencing, etc.). Collected
samples (e.g., biological samples; collected using sample containers provided to users in
sample collection kits) can include any one or more of: blood, plasma, serum, tissue,
biopsies (e.g., tumor biopsies, etc.), sweat, urine, feces, semen, vaginal discharges, tears,
interstitial fluid, other body fluid, and/or any other suitable samples (e.g., associated with
a human user, animal, object such as food, microorganisms, etc.). In examples, such as
for NIPT, biological samples can include one or more maternal samples. Samples
preferably include target molecules (e.g., nucleic acid molecules including one or more
target sequences and/or target sequence regions; etc.) and/or reference molecules (e.g.,
nucleic acid molecules including one or more reference sequences and/or reference
sequence regions; etc.), such as where the target molecules can be amplified with the
target-associated molecules under similar parameters; where the reference molecules can
be amplified with the reference-associated molecules under similar parameters; etc.).
Additionally or alternatively, samples can include components (e.g., target molecules)
from multiple users (e.g., a blood sample including nucleic acids from a mother and
nucleic acids from the mother's unborn baby, where the nucleic acid mixture can be
indicative of an abnormal abundance of chromosome 21, etc.), components collected

across multiple time periods, and/or components varying across any suitable condition,
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such that generating spike-in mixture(s) can be performed for any suitable number and
type of entities.

[0052] Generating one or more spike-in mixtures preferably includes combining
target-associated molecules with target molecules (e.g., nucleic acids including target
sequence regions and/or target sequences, etc.) from the sample; and/or combining
reference-associated molecules with reference molecules; and/or combing any suitable
molecules. Combining can include one or more of: combining each of the molecules into
a single mixture (e.g., including different subsets of target-associated molecules and
corresponding subsets of target molecules; etc.); subsampling the sample (e.g., a
preprocessed sample) into a plurality of mixtures, each designated for a different subset
of target-associated molecules (e.g., corresponding to different target loci for a target
chromosome, etc.); subsampling the sample into different mixtures for target-associated
molecules and reference-associated molecules; and/or any other suitable approach to
combining the molecules. In an example, target molecules and target-associated
molecules (e.g., different pairs of types of target molecules and target-associated
molecules; corresponding to different pairs of target-associated regions and target
sequence regions; associated with a plurality of different targets; etc.) can be amplified in
the same compartment (e.g., tube; etc.) (and/or any suitable number of compartments),
such as through multiplex PCR and/or suitable amplification processes, which can
facilitate conserving a precious sample; and the resulting amplification products can be
subsequently subsampled into separate mixtures for subsequent individual Sanger
sequencing targeting different target types (e.g., using a Sanger sequencing primer
associated with an invariant region, such as a region of sequence similarity, shared by the
target-associated region and target sequence region; etc.). In examples, subsampling
and/or other sample modification operations can be performed in any suitable order.
[0053] Additionally or alternatively, separate samples (e.g., mixtures, solutions,
etc.) can be generated for different types of molecule (e.g., without combining different
types of molecules). For example, a first sample including target-associated molecules

(e.g., without target molecules) can be generated, and a sample mixture including target
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molecules (e.g., without target-associated molecules) can be generated, where the first
and second mixtures can be separately used in downstream processing (e.g., performing
separate Sanger sequencing runs to generate separate chromatogram-related outputs
such as separate chromatograms that can be used during statistical estimation,
deconvolution, and/or other computational processing operations, such as for
determining abundance metrics, etc.). However, any suitable number of samples
including any suitable separate or combination of types of molecules can be generated
and/or processed.

[0054] Combining molecules preferably includes using a known abundance of
target-associated molecules, but an unknown abundance of target molecules can
alternatively be used (e.g., where results from preceding sequencing runs with the
unknown abundance can be used to inform results from subsequent sequencing runs,
etc.). Further, combining molecules preferably includes using the same or substantially
similar abundances across different subsets of target-associated molecules (e.g.,
associated with different loci), and/or same or similar abundances relative to reference-
associated molecules. Additionally or alternatively, any suitable abundances for different
molecule types can be used.

[0055] In a variation, combining molecules can include modifying (e.g., during pre-
processing) abundances of the target-associated molecules, the reference-associated
molecules, and/or other suitable components. For example, modifying abundances of
molecules can include measuring initial abundances of the molecules (e.g., abundance of
the target-associated molecules); and modifying the abundances (e.g., through dilution,
amplification, etc.) based on expected abundances of target molecules (e.g., expected
count for endogenous target molecules in the sample, ete.). In a variation, generating
spike-in mixtures can omit modification (e.g., during pre-processing) of abundances (e.g.,
where the abundance results for a first instance of an embodiment of the method 100 can
be used in determining a correction factor to be used in subsequent instances of the
embodiment of the method 100; ete.). However, combining molecules can be performed

in any suitable manner.
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[0056] Generating the spike-in mixture preferably includes amplifying the target-
associated molecules with the target molecules. Amplification can include performing any
one or more of: polymerase chain reaction-based techniques (e.g., solid-phase PCR, RT-
PCR, gPCR, multiplex PCR, touchdown PCR, nanoPCR, nested PCR, hot start PCR, etc.),
helicase-dependent amplification (HDA), loop mediated isothermal amplification
(LAMP), self-sustained sequence replication (3SR), nucleic acid sequence based
amplification (NASBA), strand displacement amplification (SDA), rolling circle
amplification (RCA), ligase chain reaction, ligase cycling reaction (LCR), and/or any other
suitable amplification techniques and/or associated protocols (e.g., protocols for
minimizing amplification bottlenecking). In an example, as shown in FIGURE 3,
generating a spike-in mixture can include performing a plurality of PCR rounds (e.g., any
number of PCR rounds) to co-amplify the target-associated molecules with the target
molecules (e.g., using sets of primers targeting a sequence shared by both the target-
associated molecules and the target molecules; using different sets of primers
corresponding to different primer types and sequences, as shown in FIGURE 3, where
one or more of the sets of primers can include one or more hairpin sequences, such as for
facilitating addition of sequence repeats; etc.).

[0057] In a variation, generating a spike-in mixture and/or suitable portions of
embodiments of the method 100 (e.g., in variations where samples including target-
associated molecules are independently prepared and sequenced from samples including
target molecules; in variations where samples including reference-associated molecules
are independently prepared and sequenced from samples including reference molecules;
etc.) can include adding one or more sequence regions to one or more molecules (e.g., one
or more regions and/or sequences of one or more molecules; to target-associated
molecules, to target molecules, to reference-associated molecules, to reference molecules,
ete.).

[0058] Adding sequence regions can include one or more of: generating sequence
repeats (e.g., generating a modified sequence including repeats of a target-associated

sequence and/or target sequence; etc.); adding sequence regions identifying different

26



CA 03071366 2020-01-27

WO 2019/028470 PCT/US2018/045419

targets (e.g., different loci of a chromosome identified by the original target; loci of
different chromosomes; sequence regions associated with different conditions; etc.);
and/or adding any suitable nucleotide sequences. For example, the method 100 can
include adding at least one sequence region to at least one of the set of target-associated
molecules and the target molecules, where the at least one sequence region includes at
least one of (a) a second target-associated region with sequence similarity to a second
target sequence region (e.g., where the set of target-molecules includes a first target-
associated region with sequence similarity to a first target sequence region of a target
sequence of a biological target; etc.), and (b) at least one sequence repeat of at least one
of a region of the target-associated sequence and a region of the target sequence.

[0059] Adding sequence regions can function to: facilitate improved output quality
from sequencing systems (e.g., quality of chromatogram results), such as through adding
sequence regions positionally preceding variation regions upon which abundance metric
extraction will be based (e.g., where the added sequence regions can enable repositioning
of the variation regions to be at positions corresponding to improved sequencing outputs;
etc.); facilitate determination of additional individual abundance metrics for the added
sequence regions (e.g., by analyzing sequence repeats of the variation region in relation
to corresponding target bases; etc.), which can be used in calculating an overall
abundance metric of improved accuracy; facilitate reduction in number and/or cost of
required sequencing operations (e.g., fewer Sanger sequencing runs; etc.) to analyze a
plurality of targets (e.g., across different loci, chromosomes, etc.), such as through ligating
different sequences associated with the different targets.

[0060] In an example, the method 100 can include adding at least one sequence
repeat (e.g., for facilitating multiple-pass sequencing, such as sequencing sequences a
plurality of times, such as in the same or different sequencing runs, such as for increasing
sequencing output data, such that the sequencing output data and/or or associated
abundance metrics can be averaged and/or otherwise combined, such as to reduce noise;
etc.) to one or more target-associated molecules (e.g., one or more regions of a target-

associated sequence of the target-associated molecules; etc.) and/or one or more target
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molecules (e.g., one or more regions of a target sequence of the target molecules; etc.),
such as where the first set of peaks of the at least one chromatogram-related output (e.g.,
chromatogram, peak intensities, other peak data, etc.) correspond to a first sequencing
(e.g., from a Sanger sequencing operation; etc.) for the target-associated region, the target
sequence region of the biological target, the target variation region, and the sequence
region of the biological target, where the at least one chromatogram-related output
includes a second set of peaks corresponding to a second sequencing (e.g., from the same
Sanger sequencing operation, etc.) for the target-associated region, the target sequence
region of the biological target, the target variation region, and the sequence region of the
biological target, and where determining a set of target-associated abundance ratios can
be based on the first set of peaks and the second set of peaks (e.g., based on individual
abundance ratios of peak intensities, from the first and the second set of peaks, for pairs
of bases of the target sequence and the target-associated sequence; etc.).

[0061] In a variation, adding one or more sequence regions (e.g., sequence repeats;
etc.) can be based on one or more hairpin sequences (e.g., of primers, such as used in PCR
amplification; etc.), such as where amplification with PCR primers including the one or
more hairpin sequences can enable a plurality of nucleotide extension instances (e.g.,
through self-priming) for adding sequence repeats that can be Sanger sequenced. In an
example, as shown in FIGURE 3, adding one or more sequence repeats (e.g., to any
suitable molecules; etc.) can include co-amplifying (and/or separately amplifying), with
one or more sets of primers including one or more hairpin sequences (e.g.,
“chr21:14439076_PCR2_RP_hp”, as shown in FIGURES 3 and 4), the set of target-
associated molecules and nucleic acid molecules from the sample (e.g., maternal sample;
biological sample; etc.), where the nucleic acid molecules include the target sequence
region. In an example, primers (e.g., PCR primers) including a hairpin sequence can
include one or more portions (e.g., sequence portions, structural portions; etc.) of a
sequence shown in FIGURES 3 and 4 (“chr21:14439076_PCR2_RP_hp”). In an example,
resulting products (e.g., resulting molecules, etc.) from adding one or more sequence

regions (e.g., sequence repeats; etc.) based on or more hairpin sequences, can include one
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or more portions (e.g., sequence portions, structural portions; etc.) of sequences shown
in FIGURES 5A-5E (e.g., where FIGURES 5A-5E illustrate a full sequence, with the
sequence in FIGURE 5A connected to the sequence in FIGURE 5B, connected to the
sequence in FIGURE 5C, connected to the sequence in FIGURE 5D, and connected to the
sequence in FIGURE 5E; etc.).

[0062] In examples, if a hairpin is used only at one end of the sequence (e.g., of a
PCR primer sequence), a two-pass Sanger sequence is obtained (e.g., a chromatogram-
related outputs including peak results for two passes of the sequence). In an example, a
significant contribution of two-pass Sanger sequence is that the second sequence (e.g.,
second set of peak data and/or suitable chromatogram-related outputs for the sequence,
etc.) can be more informative and cleaner in chromatogram content than the first-pass
sequence (e.g., first set of peak data and/or suitable chromatogram-related outputs for
the sequence, etc.) because of the decreased effect of primer-dimers at this increased
length and because of the improved quality at longer lengths with Big Dye 3.1 chemistry.
In examples, if a hairpin is used at both-ends, a plurality (e.g., many, multiple; etc.) rather
than two (e.g., a plurality greater than two), Sanger chromatograms for the same sequence
would be obtained; while this can significantly decrease any noise associated with
abundance measurement due to averaging, it may not similarly decrease the effects of
primer-dimers.

[0063] In a variation, hairpin sequences (e.g., of primers, etc.) can be configured
for, generated for, used for, and/or otherwise processed without target-associated
molecules and reference-associated molecules. For example, one or more sequence
repeats (e.g., generated through amplification with PCR primers including one or more
hairpin sequences) can be added to target molecules, reference molecules, and/or suitable
molecules for enabling Sanger sequencing (and/or suitable sequencing technologies) of a
particular sequence for a plurality of instances (e.g., multiple pass sequencing to enable
multiple sets of data to be generated for the same sequence in a single sequencing run;
etc.). In an example, the ratio of a major allele peak (e.g., peak intensity metric) (and/or

suitable chromatogram-related output; etc.) to a minor allele peak (e.g., peak intensity
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metric) (and/or suitable chromatogram-related output; etc.) can be determined a
plurality of times based on outputs from Sanger sequencing the sequence repeats (e.g.,
generated from use of hairpin sequences; etc.) to determine an overall abundance ratio.
Additionally or alternatively, adding one or more sequence regions can be performed
without processing of target-associated molecules and/or reference-associated
molecules, such as a where adding the one or more sequence regions can independently
improve (e.g., accuracy of; reduction of bias regarding; reduction of noise regarding; etc.)
chromatogram-related outputs, abundance metrics, characterizations, and/or
treatments.

[0064] However, hairpin sequences can be configured in any suitable manner, and
adding one or more sequence regions based on hairpin sequences can be performed in
any suitable manner.

[0065] In a specific example, as shown in FIGURES 13A-13B (e.g., illustrating
generation of tandem repeats of around 150 base pair length amplicon to position spike-
in bases into a predetermined Sanger quality window, such as a window facilitating
improved sequencing outputs; where the amplicon mixture of endogenous and spike-in
alleles can be circularized by LCR, and where tandem repeats can be then generated by
RCA of the circularized amplicons, and where locations of the spike-in bases can be
indicated by the shaded areas, and where the chromatograms can be generated from
multiplex Sanger sequencing for multiple spike-in loci, and where amplicons originating
from four loci were assembled into circular DNA by LCR, and the product was amplified
by RCA and Sanger sequenced; etc.), adding sequence regions can include: performing
ligation operations (e.g., Ligase Cycling Reaction with a Taq ligase and/or other suitable
ligases; etc.) on an amplicon mixture generated from co-amplifying the target-associated
nucleic acids and the target nucleic acids, thereby generating circularized amplicons;
performing amplification operations (e.g., rolling circle amplification) on the circularized
amplicons, thereby generating one or more modified sequences including sequence
repeats (e.g., tandem repeats), and/or additional sequence regions identifying different

targets, where the resulting spike-in mixture (e.g., including linear nucleic acids including
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the modified sequences) can be used in subsequent sequencing operations (e.g., Sanger
sequencing, etc.). Adding sequence regions preferably includes adding sequence regions
to a mixture of amplicons including target molecule-based amplicons (e.g., amplicons
generated from endogenous target molecules) and target-associated molecule-based
amplicons (e.g., amplicons generated from spike-in target-associated molecules).
Alternatively, adding sequence regions can be performed on the target-associated
molecules separately from the target molecules. Additionally or alternatively sequence
regions can be initially generated (e.g., during generation of target-associated molecules,
reference-associated molecules, etc.), such as to be part of the initial target-associated
sequence and/or reference-associated sequence. Adding sequence regions and/or any
suitable portions of embodiments of the method 100 can include performing any of the
sample processing operations described herein, and/or other suitable operations.
However, sequence regions can be configured in any suitable manner, and adding
sequence regions can be performed in any suitable manner.

[0066] However, target-associated sequences, target sequences, and/or other
suitable sequences can be modified in any suitable manner (e.g., deleting regions,
modifying nucleotides at specific positions, etc.) using any suitable sample processing

operations. However, generating spike-in mixtures S120 can be performed in any suitable

manner.
2.3 Performing a sequencing operation.
[0067] Embodiments of the method 100 can include performing one or more

sequencing operations S130 (e.g., on the one or more spike-in mixtures, etc.), which can
function to sequence one or more components (e.g., one or more spike-in mixtures; etc.)
and/or generate one or more sequencing outputs. Performing sequencing operations
preferably includes performing Sanger sequencing (e.g., on a spike-in mixture, on target
molecules separately, on target-associated molecules separately, etc.). Sanger sequencing
preferably includes chain-termination approaches and/or any suitable operations related
to Sanger sequencing (e.g., using labeled dideoxynucleotides and DNA polymerase, such

as during in vitro DNA replication; generating a set of nucleic acid fragments covering
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base positions for bases of target-associated sequences, target sequences, reference-
associated molecule sequences, reference sequences, any suitable sequences; performing
analysis of the nucleic acid fragments, such as through capillary gel electrophoresis, laser
detection of labelled bases; performing any suitable Sanger sequencing-related
operations such as dye-terminator sequencing, automation and/or sample preparation
associated with Sanger sequencing, microfluidic Sanger sequencing, computational
processes to determine sequencing outputs; etc.). However, Sanger sequencing can be
performed in any suitable manner.

[0068] Performing sequencing operations preferably includes sequencing one or
more co-amplified spike-in mixtures (e.g., a spike-in mixture including co-amplified
target-associated molecules and nucleic acids including an associated target sequence
region; etc.), but can additionally or alternatively sequence any suitable components (e.g.,
separately sequencing target-associated molecules from a first sample and target
molecules from a second sample; spike-in mixtures; samples from users; samples
including reference-associated molecules and/or reference molecules; etc.) with any
number of sequencing operations (e.g., any number of Sanger sequencing runs, etc.).
[0069] Sequencing operations preferably can be performed to determine one or
more sequencing outputs (e.g., quantitative sequencing outputs upon which abundance
metrics can be determined; etc.). Sequencing outputs can include any one or more of:
chromatogram-related outputs, sequence reads, high throughput sequencing outputs,
text data, alignments, and/or any other suitable outputs from any suitable sequencing
technologies. Chromatogram-related outputs can include any one or more of
chromatograms (e.g., including peaks for sequenced bases of target-associated molecule
sequences, target sequences, reference-associated molecule sequences, reference
sequences, of any suitable associated regions, of any suitable molecules described herein;
etc.), alignment positions (e.g., corresponding to peaks and/or bases sequenced by Sanger
sequencing; each alignment position corresponding to one or more peaks and/or one or
more bases; corresponding to bases of a plurality of aligned sequences, such as bases of a

target-associated sequence and a target sequence; as shown in FIGURES 6A and 7A; etc.),
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any suitable sequencing-related positions, peak intensities, peak areas, peak similarities,
peak differences, peak metrics relative peaks for the same or different base type; average
intensity; median intensity; heights; widths; overlap and/or other comparisons between
peaks of target-associated base and a target base at the same position or at a different
position, text data (e.g., text results from the Sanger sequencing, etc.), and/or any other
suitable outputs (e.g., related to Sanger sequencing, etc.). For example, as shown in
FIGURE 8, chromatogram-related outputs can include chromatograms for the different
mixtures (e.g., a first chromatogram for the spike-in mixture, a second chromatogram for
target-associated molecules alone, a third chromatogram for target molecules alone; etc.),
such as where chromatogram peaks for different bases can be computationally processed
to extract sequencing outputs.

[0070] Sequencing outputs (e.g., in relation to peaks for Sanger sequencing) for one
or more particular bases can include a dependency on the number and/or type of bases
preceding (and/or are otherwise related to) the particular base, where addition of
sequence regions (e.g., sequence repeats) in generating the spike-in mixture can account
for such dependencies. Additionally or alternatively, determining a variation region
sequence for a target-associated sequence and/or a reference-associated molecule
sequence can be based on the dependencies (e.g., on the number and/or type of preceding
bases in the sequence, etc.) and/or other suitable sequencing parameters (e.g.,
characteristics of the sequencing technologies, such as characteristics of Sanger
sequencing, etc.), such as where predetermined insertion and/or deletions for variation
regions can enable calibration (e.g., auto-calibration) for being able to accurately compare
peak intensities and/or other suitable chromatogram-related outputs in facilitating
abundance metric determination. For example, the target variation region includes at
least one of one or more insertions and one or more deletions, where the at least one
chromatogram-related output includes alignment positions corresponding to the peaks
(e.g., associated with bases of the first target-associated region, the target sequence region
of the biological target, the target variation region, and the sequence region of the

biological target, etc.), where, for each of the different pairs (e.g., a base of the target-
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associated sequence and a base of the target sequence, etc.) the base of the first target-
associated sequence corresponds to a first alignment position that is different from a
second alignment position corresponding to the base of the first target sequence (e.g., as
shown in FIGURES 6A and 7A), and where the alignment positions of the at least one
chromatogram-related output include the first and the second alignment positions.
[0071] In an example, the variation region can include predetermined shuffled
bases (e.g., base substitutions, etc.) that can enable calibration and/or suitable processing
operations (e.g., deconvolution, correction factor determination and application, etc.) for
improved accuracy in abundance metric determination. However, determination of any
suitable region and/or sequence can be based on any suitable sequencing parameters in
any suitable manner. Additionally or alternatively, sequencing outputs for a particular
base and/or other sequence region, and/or determination of any suitable region and/or
sequence can be independent of other sequence regions and/or suitable sequencing
parameters.

[0072] In variations, performing one or more sequencing operations can be for one
or more products (e.g., components of spike-in mixtures; target-associated molecules,
target molecules and/or other suitable molecules; etc.) with added sequence regions (e.g.,
sequence repeats; etc.), such as one or more products generated based on hairpin
sequences (e.g., based on amplification with PCR primers including one or more hairpin
sequences; etc.). Performing sequencing operations on products with sequence repeats
can function to sequence one or more sequences and/or sequence regions a plurality of
times, for generating additional sequencing outputs, which can reduce noise, be used to
determine additional abundance metrics (e.g., for determining an overall abundance
metric of improved accuracy; etc.), and/or for any suitable purposes (e.g., facilitating
characterizations and/or treatments; etc.).

[0073] Additionally or alternatively, performing sequencing operations (and/or
any suitable portions of embodiments of the method 100 and/or system 200) can include
determining, applying, performing and/or otherwise using any suitable sequencing

and/or sequencing-related technologies, such as high throughput sequencing, which can
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include and/or be associated with any one or more of: NGS, NGS-associated technologies,
massively parallel signature sequencing, Polony sequencing, 454 pyrosequencing,
INlumina sequencing, SOLiD sequencing, Ion Torrent semiconductor sequencing, DNA
nanoball sequencing, Heliscope single molecule sequencing, Single molecule real time
(SMRT) sequencing, Nanopore DNA sequencing, any generation number of sequencing
technologies (e.g., second-generation sequencing technologies, third-generation
sequencing technologies, fourth-generation sequencing technologies, etc.), amplicon-
associated sequencing (e.g., targeted amplicon sequencing), metagenome-associated
sequencing, sequencing-by-synthesis, tunneling currents sequencing, sequencing by
hybridization, mass spectrometry sequencing, microscopy-based techniques, and/or any
suitable technologies related to high throughput sequencing. Additionally or
alternatively, sequencing and/or sequencing-related technologies can include any
suitable technologies (e.g., capillary sequencing, etc.).

[0074] However, performing sequencing operations S130 can be performed in any
suitable manner.

2.4 Determining an abundance metric.

[0075] Embodiments of the method 100 can include determining one or more
abundance metrics S140 (e.g., for one or more samples; based on outputs of the one or
more sequencing operations for the one or more spike-in mixtures, etc.), which can
function to accurately determine abundance metrics, such as abundance metrics that can
be meaningfully analyzed and compared (e.g., comparing individual abundances for a
target molecule and a target-associated molecule to generate an abundance ratio,
comparing abundance ratios for targets versus references; etc.), such as abundance
metrics that can be used in facilitating characterizations and/or treatments. Abundance
metrics can include any one or more of: abundance ratios (e.g., a ratio of first peak
intensity metric for a first peak to a second peak intensity metric for a second peak, such
as where the first and second peaks correspond to same or different alignment positions;
ratios of any suitable sequencing output; a count ratio of an endogenous target molecule

count to a target-associated molecule count; a sequencing output ratio of endogenous to
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spike-in, such as peak intensity metric ratio for a target sequence base and a
corresponding target-associated sequence base; ratios with any suitable numerator and
denominator; individual abundance ratios, such as usable in determining an overall
abundance ratio and/or abundance metric; etc.), but can additionally or alternatively
include individual abundances (e.g., individual peak intensities; counts; etc.), relative
abundances, absolute abundances, and/or other suitable abundance metric. In a specific
example, a ratio of endogenous molecules to spike-in molecules (e.g., ratio between
endogenous DNA and spike-in DNA, etc.) can be calculated based on a sequencing output
ratio (e.g., ratio of peak intensities for an endogenous-associated peak to a spike-in-
associated peak) and a known abundance of spike-in molecules (e.g., used for generating
the spike-in mixture).

[0076] Determining abundance metrics is preferably based on one or more
sequencing outputs, but can additionally or alternatively be based on any suitable data
(e.g., supplementary data including known abundances, biometric data, medical history
data, demographic data, genetic history, survey data, dietary data, behavioral data,
environmental data, sample type, and/or other suitable contextual data). For example,
determining abundance ratios (e.g., target-associated abundance ratios; etc.) (and/or any
suitable abundance metrics) can be based on one or more chromatogram-related outputs
including one or more peak intensities, peak areas, peak metrics for bases sharing a base
type, peak metrics for bases with different base types and/or any other suitable
chromatogram-related outputs and/or sequencing outputs. Determining abundance
metrics can include computational processing (e.g., with a remote computing system such
as a cloud computing system, with a local computing system, etc.), such as
computationally processing one or more sequencing outputs (e.g., chromatograms, peak
data, etc.) and/or other suitable data, but can additionally or alternatively include any
suitable processing (e.g., manual processing; etc.). Processing (e.g., for determining
abundance metrics; etc.) and/or suitable portions of embodiments of the method 100
(e.g., facilitating characterizations and/or treatments, etc.) can include any one or more

of can include any one or more of: performing statistical estimation on data (e.g. ordinary
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least squares regression, non-negative least squares regression, principal components
analysis, ridge regression, etc.), deconvolving (e.g., of overlapping peaks from a
chromatogram, of peaks with inadequate resolution, of any suitable peaks; Fourier
deconvolution; Gaussian function-based deconvolution; Lucy-Richardson deconvolution
etc.), extracting features (e.g., for any suitable number of peaks of a chromatogram, etc.),
performing pattern recognition on data, fusing data from multiple sources, combination
of values (e.g., averaging values, etc.), compression, conversion (e.g., digital-to-analog
conversion, analog-to-digital conversion), wave modulation, normalization, updating,
ranking, validating, filtering (e.g., for baseline correction, data cropping, etc.), noise
reduction, smoothing, filling (e.g., gap filling), aligning, model fitting, windowing,
clipping, transformations, mathematical operations (e.g., derivatives, moving averages,
summing, subtracting, multiplying, dividing, etc.), multiplexing, demultiplexing,
interpolating, extrapolating, clustering, other signal processing operations, other image
processing operations, visualizing, and/or any other suitable processing operations.

[0077] In variations, determining abundance metrics can be based on and/or
otherwise associated with one or more sequencing outputs associated with target-
associated sequences (and/or reference-associated sequences) including variation
regions with one or more insertions (e.g., nucleotide insertions; etc.) and/or one or more
deletions (e.g., nucleotide deletions; etc.) and/or any suitable modifications. For example,
determining a set of target-associated abundance ratios can be based on a set of peaks
(e.g., peak intensity data for peaks corresponding to sequenced bases of a target sequence
and a target-associated sequence; etc.) and at least one of the substitution, the insertion,
and the deletion (e.g., characteristics of the one or more substitutions, insertions, and/or
deletions; such as size of the modification, in relation to number of nucleotides; types of
modification such asin relation to base type changes; positions of where the modifications
are applied; etc.). As shown in FIGURES 6A and 7A, variation regions including one or
more insertions and/or deletions can result in shifted alignment positions (e.g., for bases
of the target-associated sequence, relative bases a target sequence; such as where the

sequence similarity between bases of a target-associated region and a target sequence
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region can be shifted in relation to position due to the one or more insertions and/or
deletions; etc.). In an example, the target variation region (e.g., of a target-associated
sequence; etc.) can include at least one of an insertion and a deletion, where the one or
more chromatogram-related outputs can include alignment positions corresponding to a
set of peaks (e.g., peak data for and/or associated with the target-associated region of the
target-associated molecules, the target sequence region of the biological target, the target
variation region of the target-associated molecules, and the sequence region of the
biological target, etc.), and where determining the set of target-associated abundance
ratios (and/or suitable abundance metrics) includes, for each of the different pairs (e.g.,
of a base of the target-associated sequence and a base of the target sequence; etc.):
determining a peak intensity metric (e.g., a maximum intensity for the peak; an overall
intensity for the peak; ete.), at a first alignment position of the alignment positions, for
the base of the target-associated sequence of the pair, based on the at least one
chromatogram-related output (e.g., based on peak intensity data for the sequenced bases;
based on a chromatogram; etc.); determining a peak intensity metric, at a second
alignment position of the alignment positions, for the base of the target sequence of the
pair, based on the at least one chromatogram-related output (e.g., based on peak intensity
data for the sequenced bases; based on a chromatogram; etc.), where the first alignment
position is different from the second alignment position, and where the alignment
positions include the first and the second alignment positions; and/or determining a
target-associated abundance ratio (and/or suitable abundance metric; etc.) of the set of
target-associated abundance ratios (and/or set of suitable abundance metrics; etc.), based
on the peak intensity metric for the base of the target-associated sequence and the peak
intensity metric for the base of the first target sequence. In an example, as shown in
FIGURES 6A and 7A, the first alignment position can correspond to a first peak and a
second peak (e.g., overlapping peaks corresponding to the same alignment position;
corresponding to same or different base types; etc.) of the first set of peaks, where the first
peak corresponds to an overlapping base of the target-associated sequence (e.g., where

target-associated sequence bases are marked by a “*” as shown in FIGURES 6A and 7A),
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where the first peak corresponds to a first target-associated abundance ratio (e.g., for a
pair of the overlapping base of the target-associated sequence and a corresponding base,
shifted in alignment position, of the target sequence, where the amount of shift in
alignment position is based on the characteristics of the one or more insertions and/or
deletions, such as the sizes of the one or more insertions and/or deletions; etc.) of the set
of target-associated abundance ratios, where the second peak corresponds to an
overlapping base of the target sequence (e.g., where target sequence bases are marked by
a “0O” as shown in FIGURES 6A and 7A), and/or where the second peak corresponds to a
second target-associated abundance ratio (e.g., distinct from the first target-associated
abundance ratio; for a pair of the overlapping base of the target sequence and a
corresponding base, shifted in alignment potion, of the target-associated sequence; etc.)
of the set of target-associated abundance ratios.

[0078] In a specific example, as shown in FIGURES 6A-6B, the initial abundance
of sample DNA for the region chr21:15811326-15811417 can be determined by estimating
the ratio of hg19 “reference” DNA intensity to spike-in “Spk” intensity (e.g., after Sanger
sequencing of a spike-in mixture generated from co-amplification of target-associated
molecules and target molecules including the target sequence; etc.); where the target-
associated sequence (e.g. spike-in sequence; of the target-associated molecules; etc.)
includes a three nucleotide deletion, resulting in a three-position shift in alignment
position for corresponding (e.g., sequence similar; ete.) pairs of a base form the target-
associated sequence and the target sequence; where individual target-associated
abundance ratios can be determined based on peak intensities (e.g., indicated by positions
of the “*”’s and “O”’s at peaks of the chromatogram) of the corresponding pairs (e.g.,
where an individual abundance ratio for alignment position 161, corresponding to a “C”

W

base of a target-associated sequence and indicated by a “*”, can be determined based on
a ratio of a peak intensity metric (e.g., maximum intensity for the peak) for the “C” base
of the target-associated sequence and a peak intensity metric (e.g., maximum intensity
for the peak) for the “C” base of the target sequence, indicated by a “O” and at position

164 due to an alignment position shift from the three nucleotide deletion in the variation
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region of the target-associated sequence; etc.), such as where the target-associated ratios
can be plotted (e.g., as shown in FIGURE 6B; such as where the individual abundance
ratio for the pair of “C” bases at positions 161 and 164, respectively, is indicated by the
alignment position number “161” in the plot; etc.), and/or such as where the slope of the
data points (e.g., 0.185; the linear regression for the target-associated abundance ratio
data points; of the plot; etc.) can be an abundance metric describing abundance of the
target molecules in the sample relative to the abundance of the target-associated
molecules (e.g., abundance of endogenous DNA to spike-in DNA; sample DNA was
abundant at 0.185 the level of the spike-in DNA; etc.).

[0079] In a specific example, as shown in FIGURES 7A-7B, the initial abundance
of sample DNA for the region chr21:22231528+22231612 can be determined by
estimating the ratio of hgi9 “reference” DNA intensity to spike-in “Spk” intensity (e.g.,
after Sanger sequencing of a spike-in mixture generated from co-amplification of target-
associated molecules and target molecules including the target sequence; etc.); where the
target-associated sequence (e.g. spike-in sequence; of the target-associated molecules;
etc.) includes a three nucleotide deletion, resulting in a three-position shift in alignment
position for corresponding (e.g., sequence similar; ete.) pairs of a base form the target-
associated sequence and the target sequence; where individual target-associated
abundance ratios can be determined based on peak intensities (e.g., indicated by positions
of the “*”’s and “O™’s at peaks of the chromatogram) of the corresponding pairs (e.g.,
where an individual abundance ratio for alignment position 15, corresponding to a “G”

W

base of a target-associated sequence and indicated by a “*”, can be determined based on
a ratio of peak intensity metric (e.g., maximum intensity for the peak) for the “G” base of
the target-associated sequence and a peak intensity metric (e.g., maximum intensity for
the peak) for the “G” base of the target sequence, indicated by a “O” and at position 18 due
to an alignment position shift from the three nucleotide deletion in the variation region
of the target-associated sequence; etc.), such as where the target-associated ratios can be
plotted (e.g., as shown in FIGURE 7B; such as where the individual abundance ratio for

the pair of “G” bases at positions 15 and 18, respectively, is indicated by the alignment
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position number “15” in the plot; ete.), and/or such as where the slope of the data points
(e.g., 0.34; the linear regression for the target-associated abundance ratio data points; of
the plot; ete.) can be an abundance metric describing abundance of the target molecules
in the sample relative to the abundance of the target-associated molecules (e.g.,
abundance of endogenous DNA to spike-in DNA; sample DNA was abundant at 0.34 the
level of the spike-in DNA; etc.).

[0080] However, determining abundance metrics based on and/or otherwise
associated with sequencing outputs associated with variation regions including one or
more insertions, deletions, and/or suitable modifications, can be performed in any
suitable manner.

[0081] In a variation, extracting abundance metrics can include deconvolving
overlapping peaks (e.g., chromatogram peaks, etc.) including a first peak corresponding
to a target-associated sequence base (e.g., an "A" base) at a variation region position, and
a second peak corresponding to a target sequence base (e.g., a "T" base) at the position;
and calculating sequencing outputs and/or abundance metrics for the deconvolved peaks
(e.g., a ratio of peak intensities for the "T" base to the "A" base). In a variation,
deconvolution can be for overlapping peaks between a base of a first loci (e.g.,
chromosome 18) and a base of a second loci (e.g., of the same chromosome, of a different
chromosome such as chromosome 21, etc.).

[0082] In a variation, as shown in FIGURE 8, statistical estimation of the relative
abundances of target and target-associated sequences from a spike-in mixture
chromatogram can be based on a first chromatogram (and/or any suitable sequencing
outputs such as peak data; etc.) for target molecules alone and/or a second chromatogram
(and/or any suitable sequencing outputs; etc.) for target-associated molecules alone (e.g.,
where peaks for a particular base across chromatograms and/or sets of sequencing
outputs can be processed for multiple linear regression; etc.). In a variation,
deconvolution (e.g., Lucy-Richardson deconvolution) can be applied to resolve peaks of a
chromatogram (e.g., achieving improved separation between peaks of the same color)

and/or to resolve other suitable outputs. In a specific example, the method 100 can
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include: generating a set of chromatograms (and/or chromatogram-related data; etc.)
(e.g., for the spike-in mixture, for the target-associated molecules alone, for the target
molecules alone, etc.); resolving peaks of the set of chromatograms through
deconvolution (e.g., where this and/or other suitable operations can be omitted; etc.); and
performing regression analyses on the processed chromatograms. Additionally or
alternatively, deconvolution, regression analyses, or other computational operations can
be performed for any suitable number and combination of chromatogram peaks and/or
other components of sequencing system outputs.

[0083] In a variation, determining an abundance metric can include determining
an overall abundance metric from a plurality of individual abundance metrics, which can
increase the accuracy of the abundance metric. In an example, the method 100 can
include determining at least one chromatogram-related output based on Sanger
sequencing associated with the first set of target-associated molecules (e.g., including a
first target-associated sequence including a first target-associated region with sequence
similarity to a first target sequence region of a first target sequence; etc.), the set of target
molecules, and a second set of target-associated molecules, where the second set of target-
associated molecules includes a second target-associated sequence including a second
target-associated region with sequence similarity to a second target sequence region of a
second target sequence; determining a first set of target-associated abundance ratios for
different sets of bases of the first target-associated sequence and the first target sequence
(e.g., where each different set of bases, from the different sets of bases, includes at least
one base of the first target-associated sequence and at least one base of the first target
sequence; etc.), based on the at least one chromatogram-related output; determining a
second set of target-associated abundance ratios for different sets of bases of the second
target-associated sequence and the second target sequence (e.g., where each different set
of bases, from the different sets of bases, includes at least one base of the second target-
associated sequence and at least one base of the second target sequence, etc.) based on
the at least one chromatogram-related output; and/or determining one or more overall

abundance metric (e.g., describing an abundance of the biological target for the sample,
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etc.) based on the first and the second sets of target-associated abundance ratios. In an
example, the first target sequence can correspond to a first loci of a chromosome, where
the second target sequence can correspond to a second loci of the chromosome, and where
facilitating characterization of the one or more conditions can include facilitating
characterization of a chromosomal abnormality based on the one or more overall
abundance metric.

[0084] For example, as shown in FIGURE g, determining an overall abundance
ratio metric can be based on: determining individual sequencing output ratios for each
position of a variation region based on sequencing outputs (e.g., peak intensities, etc.) for
pairs of an endogenous-associated peak and a corresponding spike-in-associated peak for
bases at the position, where the individual sequencing output ratios can span any number
of base positions, across any number of loci (e.g., where individual sequencing output
ratios for different loci are extracted from different chromatograms for the different loci;
where the ratios are extracted from the same chromatogram including data for a plurality
of loci; etc.), chromosomes, targets, and/or other suitable aspects; and combining the
individual sequencing output ratios (e.g., averaging). Additionally or alternatively,
determining overall abundance metrics from individual abundance metrics can leverage
any suitable statistical approach (e.g., averaging, median, etc.), and/or can be performed
in any suitable manner. In a variation, different sets of abundance metrics can be
determined for separately prepared and/or sequenced samples (e.g., for a first sample
including target-associated molecules, and a second sample including target molecules,
where the first and second samples can be separately prepared and/or sequenced such as
Sanger sequenced; etc.). For example, the method 100 can include Sanger sequencing
(e.g., performed by a first party, a third party, a user, and/or any suitable entity; etc.)
including: Sanger sequencing of a first sample including a set of target-associated
molecules; and Sanger sequencing of a second sample including the set of target
molecules, where determining the at least one chromatogram-related output (e.g., a set
of peak intensities; chromatograms; etc.) can include: determining a first chromatogram-

related output (e.g., a chromatogram, a set of peak intensities; etc.) associated with the
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set of target-associated molecules (e.g., peak intensity data for bases of a target-associated
sequence of the set of target-associated molecules; etc.), based on the Sanger sequencing
of the first sample; and determining a second chromatogram-related output (e.g., a
chromatogram, a set of peak intensities; etc.) associated with the set of target molecules
(e.g., peak intensity data for bases of a target-associated sequence of the set of target-
associated molecules; etc.), based on the Sanger sequencing of the second sample, and
where determining a set of target-associated abundance ratios (and/or any suitable
abundance metrics) can include determining the set of target-associated abundance
ratios based on the first chromatogram-related output and the second chromatogram-
related output (e.g., determining a first set of individual abundance ratios for the set of
target-associated molecules based on the first chromatogram-related output;
determining a second set of individual abundance ratios for the set of target molecules
based on the second chromatogram-related output; where an overall abundance ratio can
be determined based on the individual abundance ratios; etc.).

[0085] In a variation, abundance metrics can be determined over time (e.g., for
different samples collected over time; by performing multiple instances of embodiments
of the method 100 over time; etc.), where the series of abundance metrics can be analyzed
in facilitating one or more characterizations of one or more conditions (e.g., monitoring
cancer-associated molecule count over time; etc.), treatments (e.g., evaluating cancer
treatment efficacy over time; etc.), and/or other suitable information. For example, the
method 100 can include, where one or more conditions (e.g., medical conditions, etc.) can
include at least one of a single gene disorder and a cancer condition (and/or any suitable
conditions; etc.); determining a first overall abundance metric (and/or any suitable first
abundance metric; etc.) (e.g., describing a first abundance of the biological target; etc.)
associated with a first time period (e.g., associated with a first instance of performing one
or more portions of embodiments of the method 100; etc.); determining a second overall
abundance metric (e.g., describing a second abundance of the biological target; etc.)
where the second overall abundance metric is associated with a second time period (e.g.,

associated with a second instance of performing one or more portions of embodiments of
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the method 100; etc.); and/or facilitating the characterization of the one or more
conditions based on the first overall abundance metric (e.g., based on a first comparison
between the first overall abundance metric and a first reference-associated abundance
metric such as a first overall reference-associated abundance metric; etc.) and the second
overall abundance metric (e.g., a second comparison between the second overall
abundance metric and a second overall reference-associated abundance metric describing
a second abundance of the same biological reference or a different biological reference,
where the second overall reference-associated abundance metric can be associated with
the second time period and/or any suitable time period; a second comparison between
the second overall abundance metric and the first overall reference-associated abundance
metric, etc.).

[0086] In a variation, determining an abundance metric can include applying an
abundance determination model including any one or more of: probabilistic properties,
heuristic properties, deterministic properties, and/or any other suitable properties.
[0087] However, determining abundance metrics S140 can be performed in any
suitable manner.

2.5 Processing reference-associated molecules.

[0088] Additionally or alternatively, embodiments of the method 100 can include
processing a set of reference-associated molecules (e.g., including a reference sequence
including a reference-associated region and a reference variation region, such as where
the sequences and/or regions are analogous to the sequence and/or regions of target-
associated molecules, such as where such molecules, sequences and/or regions can be
configured, generated, applied, processed, and/or used in analogous manners, such as in
a manner analogous to that described in relation to S110, S120, and/or herein; etc.); S115,
which can function to generate and/or process (e.g., through applying one or more
suitable portions of embodiments of the method 100, etc.) molecules associated with
reference molecules (e.g., reference nucleic acids including a reference sequence
identifying a reference chromosome, such as chromosome 21; reference nucleic acids

including a reference sequence associated with wildtype versions for single gene
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disorders; etc.), such as reference molecules present in a sample (e.g., the biological
sample from which target molecules are extracted; etc.), such as to determine reference
abundance metrics (e.g., reference-associated abundance metrics; etc.) that can be
compared to abundance metrics for targets (e.g., in determining relative abundance;
compared to target-associated abundance metrics; etc.) and/or otherwise processed (e.g.,
for facilitating characterization and/or treatments; etc.) such as by comparing an
abundance ratio for target chromosome 21 to an abundance ratio for reference
chromosome 18 to screen for trisomy 21 and/or trisomy 18. Processing reference-
associated molecules (e.g., generating the molecules; processing the molecules to
generate reference spike-in mixtures; sequencing; computational processing, etc.) and/or
reference molecules can be performed in any manner analogous to processing the target-
associated molecules, target molecules, and/or other suitable components. However,
processing reference-associated molecules S115 can be performed in any suitable manner.
2.6 Facilitating Characterization of a Condition.

[0089] Additionally or alternatively, embodiments of the method 100 can include
facilitating characterization of one or more conditions S150 (e.g., medical conditions such
as genetic disorders; based on one or more abundance metric; etc.), which can function
to detect, diagnose, analyze, determine characterizations for, aid one or more care
providers in relation to, provide data (e.g., parameters; etc.) regarding; and/or otherwise
facilitate characterization of one or more conditions.

[0090] Characterizations can include any one or more of: diagnoses, risk
assessments, causes (e.g., identification of user behaviors, demographics, medical
history, genetics, and/or other suitable aspects contributing to the condition), and/or
other suitable information informative of the one or more conditions. In variations, one
or more characterizations can be used in any one or more of: determining a treatment,
informing users, informing care providers (e.g., guiding care provider in diagnoses; etc.),
and/or performing any suitable operations. Facilitating one or more characterizations is
preferably based on comparisons of abundance ratios (e.g., a comparison of an overall

target-associated abundance ratio against an overall reference-associated abundance
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ratios), but can additionally or alternatively be based on any number and/or type of
abundance metrics (e.g., any suitable analytical techniques, such as statistical estimation
analyses, applied to and/or used in generating the abundance metrics; etc.), but can be
additionally or alternatively based on any suitable abundance metrics. In an example, the
biological target can be associated with one or more medical condition, and facilitating
characterization of the one or more medical conditions can be based on a comparison
between a first overall abundance metric (e.g., an overall target-associated abundance
metric; etc.) and a second overall abundance metric (e.g., an overall reference-associated
abundance metric describing abundance of a biological reference; etc.).

[0091] In an example, the condition (e.g., medical condition; etc.) can include a
genetic disorder including at least one of a chromosomal abnormality and a single gene
disorder; where a first target sequence region (e.g., of a first target sequence of a first set
of target-associated molecules; etc.) can be associated with at least one of a first
chromosome and a mutation; where a reference sequence region of the biological
reference is associated with at least one of a second chromosome and a lack of the
mutation; and/or where facilitating prenatal diagnosis (and/or suitable
characterizations; etc.) of the genetic disorder includes facilitating the prenatal diagnosis
of the at least one of the chromosomal abnormality and the single gene disorder based on
the comparison between an overall target-associated abundance ratio (e.g., determined
based on a first set of target-associated abundance ratios corresponding to peak
intensities of a different pair of a base of the first target-associated sequence and a base
of the first target sequence; etc.) and a reference-associated overall abundance ratio (e.g.,
determined based on a set of reference-associated abundance ratios corresponding to
peak intensities of a different pair of a base of the reference-associated sequence and a
base of the reference sequence; etc.). In an example, the condition can include a genetic
disorder including the chromosomal abnormality, where the first target sequence
corresponds to a first loci of the first chromosome, and where the method 100 can include
generating a second set of target-associated molecules includes a second target-associated

sequence including a second target-associated region with sequence similarity to a second
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target sequence region of a second target sequence corresponding to a second loci of the
first chromosome; and determining a second set of target-associated abundance ratios
based on the at least one chromatogram-related output, where each target-associated
abundance ratio, of the second set of target-associated abundance ratios, corresponds to
a different pair of a base of the second target-associated sequence and a base of the second
target sequence, where determining the overall target-associated abundance ratio
includes determining the overall target-associated abundance ratio based on the first set
of target-associated abundance ratios and the second set of target-associated abundance
ratios, and where the reference sequence region of the biological reference is associated
with the second chromosome.

[0092] In an example, the condition (e.g., medical condition; etc.) can include at
least one of one or more chromosomal abnormalities, one or more single gene disorders,
and/or one or more cancer conditions, where a target sequence region is associated with
at least one of a first chromosome (e.g., associated with the chromosomal abnormality;
associated with the cancer condition; etc.) and a mutation (e.g., associated with the
chromosomal abnormality; associated with the cancer condition; etc.), where a reference
sequence region of the biological reference is associated with at least one of a second
chromosome and a lack of the mutation, and/or where facilitating the characterization of
the medical condition includes facilitating the characterization of the at least one of one
or more chromosomal abnormalities, one or more single gene disorders, and/or one or
more cancer conditions, based on one or more abundance metrics (e.g., a set of target-
associated abundance ratios and a set of reference-associated abundance ratios, such as
an overall target-associated abundance ratios determined from the set of target-
associated abundance ratios, and an overall reference-associated abundance ratio
determined from the set of reference-associated abundance; etc.).

[0093] In variations, facilitating one or more characterizations can be based on one
or more fetal fraction measurements (and/or any other suitable data, such as one or more
abundance metrics; etc.). For example, facilitating prenatal diagnosis can include

facilitating the prenatal diagnosis of one or more genetic disorder based on a fetal fraction
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measurement and/or one or more abundance metrics (e.g., an overall target-associated
abundance ratio, a reference-associated overall abundance ratio, a comparison between
the ratios, etc.). However, facilitating characterizations based on fetal fraction
measurements can be performed in any suitable manner.

[0094] Facilitating characterization of one or more conditions and/or any other
suitable portions of embodiments of the method 100 (e.g., determining abundance
metrics; facilitating treatment; etc.) can include applying one or more artificial
intelligence approaches (e.g., machine learning approaches, etc.) including any one or
more of: supervised learning (e.g., using logistic regression, using back propagation
neural networks, using random forests, decision trees, etc.), unsupervised learning (e.g.,
using an Apriori algorithm, using K-means clustering), semi-supervised learning, a deep
learning algorithm (e.g., neural networks, a restricted Boltzmann machine, a deep belief
network method, a convolutional neural network method, a recurrent neural network
method, stacked auto-encoder method, etc.), reinforcement learning (e.g., using a Q-
learning algorithm, using temporal difference learning), a regression algorithm (e.g.,
ordinary least squares, logistic regression, stepwise regression, multivariate adaptive
regression splines, locally estimated scatterplot smoothing, etc.), an instance-based
method (e.g., k-nearest neighbor, learning vector quantization, self-organizing map, etc.),
a regularization method (e.g., ridge regression, least absolute shrinkage and selection
operator, elastic net, etc.), a decision tree learning method (e.g., classification and
regression tree, iterative dichotomiser 3, C4.5, chi-squared automatic interaction
detection, decision stump, random forest, multivariate adaptive regression splines,
gradient boosting machines, etc.), a Bayesian method (e.g., naive Bayes, averaged one-
dependence estimators, Bayesian belief network, etc.), a kernel method (e.g., a support
vector machine, a radial basis function, a linear discriminate analysis, etc.), a clustering
method (e.g., k-means clustering, expectation maximization, etc.), an associated rule
learning algorithm (e.g., an Apriori algorithm, an Eclat algorithm, etc.), an artificial
neural network model (e.g., a Perceptron method, a back-propagation method, a Hopfield

network method, a self-organizing map method, a learning vector quantization method,
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etc.), a dimensionality reduction method (e.g., principal component analysis, partial lest
squares regression, Sammon mapping, multidimensional scaling, projection pursuit,
etc.), an ensemble method (e.g., boosting, bootstrapped aggregation, AdaBoost, stacked
generalization, gradient boosting machine method, random forest method, etc.), and/or
any suitable artificial intelligence approach.

[0095] However, facilitating characterization of the one or more conditions S150
can be performed in any suitable manner.

2,7 Facilitating treatment.

[0096] Additionally or alternatively, embodiments of the method 100 can include
facilitating treatment S160 (e.g., based on one or more abundance metrics; based on one
or more characterizations of one or more conditions; etc.), which can function to leverage
abundance data to determine, provide, administer, promote, recommend, and/or
otherwise facilitate treatment provision (e.g. personalized treatment provision, etc.) for
one or more conditions. Facilitating treatment can include applying any suitable
techniques associated with analyzing abundance metrics (e.g., for facilitating one or more
characterizations; using similar or different statistical operations or algorithms; using the
same or different abundance metrics, supplementary data, other suitable data; etc.).
Treatments can include any one or more of: therapeutic compositions (e.g., pregnancy-
related compositions, medication-based treatments, probiotic-based treatments, topical-
based treatments, etc.), surgical treatments, medical device-based treatments, health-
related notifications (e.g., transmitted to the subject, to a care provider, etc.) including
condition-related and/or treatment-related information derived based on the abundance
metrics; diet-related treatments; cognitive/behavioral treatments; physical therapies;
clinical-related treatments (e.g., telemedicine, scheduling a care provider appointment,
etc.); alternative medicine-based treatments; environmental-based treatments; and/or
any other suitable type of treatments. However, facilitating treatment S160 can be
performed in any suitable manner.

2.8 Validating.

[0097] Additionally or alternatively, embodiments of the method 100 can include
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validating S105 (e.g., such as validating one or more portions of embodiments of the
method 100 and/or system 200, etc.), which can function to evaluate any suitable
parameters (e.g., accuracy, cost, efficacy, deployability, etc.) associated with
embodiments of the method 100 and/or system 200. In a specific example, FIGURE 10
can include a representation a wet-lab protocol of adding spike-in DNA to a sample of
unknown mass; where the spike-in DNA sequence is identical to the endogenous DNA,
except for a 10bp variable region; where the spike-in and endogenous DNA is then
amplified by PCR, and the resulting amplicon is purified and Sanger sequenced such as
using BigDyeT 33.3 chemistry; where FIGURE 10 includes chromatograms of spike-in and
endogenous DNA, pure preparations of the endogenous and spike-in DNA individually
sequenced; where the chromatogram of a endogenous / spike-in mixture is a linear
combination of the pure spike-in and endogenous chromatograms; where FIGURE 10
includes results of computational analysis of chromatogram data for calculating
endogenous DNA mass; where the proportion of spike-in and endogenous DNA is
determined from a linear regression analysis; where each channel of the Sanger
chromatogram, corresponding to fluorescently labelled dideoxynucleotides, is
individually analyzed; where the analysis on the “A” channel is depicted; and where the
peak intensities at the base positions expected to display an “A” peak in either the
endogenous or spike-in are measured for the chromatograms. In a specific example, as
shown in FIGURE 10, validating can include performing sample processing and
computational processing (e.g., using any suitable techniques described herein, etc.), in
order to evaluate accuracy for embodiments of the method 100 in determining abundance
metrics for spike-in mixtures and/or other suitable components; where validation metrics
(e.g., proportion of endogenous to spike-in for a spike-in mixture including components
of known abundances, etc.) can be calculated in a manner that can be used as a calibration
factor for adjusting abundance ratio metrics calculated for samples with unknown target
molecule abundances, and/or can be used for any suitable purposes.

[0098] In a variation, as shown in FIGURES 12A-12B, any suitable abundances

(e.g., from a serial dilution, etc.) of target-associated molecules (e.g., spike-in molecules)
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can be used to evaluate accuracy, precision, and/or other suitable parameters associated
with portions of embodiments of the method 100. In a specific example, as shown in
FIGURES 12A-12B (e.g., indicating the accuracy and/or precision of applying portions of
embodiments of the method 100), 42ng of NA12878 human genomic DNA was mixed
with varying amounts of spike-in DNA and amplified with 30 rounds of PCR, and the
proportion of spike-in DNA in each sample was determined by applying portions of
embodiments of the method 100; and where the regression line was fit to the 4 samples
that yielded spike-in proportion > 0, and based on the regression fit, 0.0226 amol, or 44.9
ng, is predicted to yield a spike-in proportion of ¥2; where 1 fmol of reference DNA was
mixed with spike-in DNA at the indicated proportions; and where mixtures were

amplified for 20x PCR, purified, and portions of embodiments of the method 100 can be

performed.

[0099] However, validation S105 can be performed in any suitable manner.
[00100] However, embodiments of the method 100 can be performed in any suitable
manner.

[00101] Embodiments of the method 100 and/or system 200 can include every

combination and permutation of the various system components and the various method
processes, including any variants (e.g., embodiments, variations, examples, specific
examples, figures, etc.), where portions of embodiments of the method 100 and/or
processes described herein can be performed asynchronously (e.g., sequentially),
concurrently (e.g., in parallel), or in any other suitable order by and/or using one or more
instances, elements, components of, and/or other aspects of the system 200 and/or other
entities described herein.

[00102] Any of the variants described herein (e.g., embodiments, variations,
examples, specific examples, figures, etc.) and/or any portion of the variants described
herein can be additionally or alternatively combined, aggregated, excluded, used,
performed serially, performed in parallel, and/or otherwise applied.

[00103] Portions of embodiments of the method 100 and/or system 200 can be

embodied and/or implemented at least in part as a machine configured to receive a
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computer-readable medium storing computer-readable instructions. The instructions
can be executed by computer-executable components that can be integrated with
embodiments of the system 200. The computer-readable medium can be stored on any
suitable computer-readable media such as RAMs, ROMs, flash memory, EEPROMs,
optical devices (CD or DVD), hard drives, floppy drives, or any suitable device. The
computer-executable component can be a general or application specific processor, but
any suitable dedicated hardware or hardware/firmware combination device can
alternatively or additionally execute the instructions.

[00104] As a person skilled in the art will recognize from the previous detailed
description and from the figures and claims, modifications and changes can be made to
embodiments of the method 100, system 200, and/or variants without departing from

the scope defined in the claims.
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CLAIMS

1. A method for facilitating prenatal diagnosis of a genetic disorder from a maternal
sample associated with a pregnant woman, the method comprising;:

» generating a first set of target-associated molecules comprising a first target-
associated sequence comprising:

» a first target-associated region having a nucleotide sequence matching a first
target sequence region of a first target sequence of a biological target, wherein
the biological target is associated with the genetic disorder; and

* a target variation region having a nucleotide sequence that differs from a
sequence region of the target sequence;

» generating a co-amplified spike-in mixture based on co-amplifying the first set of
target-associated molecules and first nucleic acid molecules from the maternal
sample, wherein the first nucleic acid molecules comprise the target sequence region;

» Sanger sequencing the co-amplified spike-in mixture to determine at least one
chromatogram-related output comprising first peaks associated with the first target-
associated region, the target sequence region of the biological target, the target
variation region, and the sequence region of the biological target;

» determining a first set of target-associated abundance metrics, wherein each target-
associated abundance metric, of the first set of target-associated abundance metrics,
corresponds to a different pair of a base of the first target-associated sequence and a
base of the first target sequence, wherein determining the first set of target-associated
abundance metrics comprises, for each of the different pairs:

» determining a peak intensity metric for the base of the first target-associated
sequence of the pair, based on the at least one chromatogram-related output;

» determining a peak intensity metric for the base of the first target sequence of
the pair, based on the at least one chromatogram-related output; and

» determining a target-associated abundance metric of the first set of target-
associated abundance metrics, based on the peak intensity metric for the base

of the first target-associated sequence and the peak intensity metric for the base of

the first target sequence;
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» determining an overall target-associated abundance metric based on the first set of
target-associated abundance metrics; and

» facilitating the prenatal diagnosis of the genetic disorder based on a comparison
between the overall target-associated abundance metric and a reference-associated
overall abundance metric describing abundance of a biological reference relative
reference-associated molecules.

2. The method of Claim 1,

» wherein the genetic disorder comprises at least one of a chromosomal abnormality
and a single gene disorder,

» wherein the first target sequence region is associated with at least one of a first
chromosome and a mutation,

» wherein a reference sequence region of the biological reference is associated with at
least one of a second chromosome and a lack of the mutation, and

» wherein facilitating the prenatal diagnosis of the genetic disorder comprises
facilitating the prenatal diagnosis of the at least one of the chromosomal abnormality
and the single gene disorder based on the comparison between the overall target-
associated abundance metric and the reference-associated overall abundance metric.

3. The method of Claim 2, wherein the genetic disorder comprises the chromosomal
abnormality, wherein the first target sequence corresponds to a first loci of the first
chromosome, wherein the method further comprises:

» generating a second set of target-associated molecules comprising a second target-
associated sequence, wherein the second target-associated sequence comprises:

» a second target-associated region with sequence similarity to a second
target sequence region of a second target sequence,
» wherein the second target sequence corresponds to a second loci of the first

chromosome; and
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» determining a second set of target-associated abundance metrics based on the at least
one chromatogram-related output, wherein each target-associated abundance metric,
of the second set of target-associated abundance metrics, corresponds to a different
pair of a base of the second target-associated sequence and a base of the second target
sequence,

» wherein determining the overall target-associated abundance metric comprises
determining the overall target-associated abundance metric based on the first set of
target-associated abundance metrics and the second set of target-associated
abundance metrics, and

» wherein the reference sequence region of the biological reference is associated with
the second chromosome.

4. The method of Claim 1, wherein facilitating the prenatal diagnosis comprises
facilitating the prenatal diagnosis of the genetic disorder based on a fetal fraction
measurement, the overall target-associated abundance metric, and the reference-
associated overall abundance metric.

5. The method of Claim 1, wherein the target variation region comprises at least one of
an insertion and a deletion compared to the target sequence, wherein the at least one
chromatogram-related output comprises alignment positions corresponding to the
first peaks, wherein, for each of the different pairs, the base of the first target-
associated sequence corresponds to a first alignment position that is different from a
second alignment position corresponding to the base of the first target sequence, and
wherein the alignment positions of the at least one chromatogram-related output
comprise the first and the second alignment positions.

6. A method for facilitating characterization of a medical condition from a sample
comprising target molecules, the method comprising:

» generating a set of target-associated molecules comprising a target-associated sequence

comprising:
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» a first target-associated reglOn with sequence similarity to a first target
sequence region of a target sequence of a biological target, wherein the
biological target is associated with the genetic disorder; and

* atarget variation region with sequence dissimilarity to a sequence region of the
target sequence;

» performing Sanger sequencing based on the set of target-associated molecules and the
target molecules comprising the target sequence, to determine at least one
chromatogram-related output comprising a first set of peaks associated with the first
target-associated region, the first target sequence region of the biological target, the
target variation region, and the sequence region of the biological target;

» determining a set of target-associated abundance metrics for a set of different pairs of
bases based on the first set of peaks of the at least one chromatogram-related output,
wherein each different pair of bases, from the set of different pairs of bases,
corresponds to a pair of a base of the target-associated sequence and a base of the
target sequence; and

» facilitating the characterization of the medical condition based on the set of target-
associated abundance metrics and a set of reference-associated abundance metrics
describing abundance of a biological reference relative reference-associated
molecules.

7. The method of Claim 6, wherein the target variation region comprises at least one of
a substitution, an insertion, and a deletion, relative to the sequence region of the target
sequence, and wherein determining the set of target-associated abundance metrics
comprises determining the set of target-associated abundance metrics based on the
first set of peaks and the at least one of the substitution, the insertion, and the deletion.

8. The method of Claim 7, wherein the target variation region comprises at least one of
the insertion and the deletion, wherein the at least one chromatogram-related output
comprises alignment positions corresponding to the first set of peaks, and wherein
determining the set of target-associated abundance metrics comprises, for each of the

different pairs:
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» determining a peak intensity metric, at a first alignment position of the alignment
positions, for the base of the first target-associated sequence of the pair, based on the
at least one chromatogram-related output;

» determining a peak intensity metric, at a second alignment position of the alignment
positions, for the base of the first target sequence of the pair, based on the at least one
chromatogram-related output, wherein the first alignment position is different from
the second alignment position, and wherein the alignment positions comprise the first
and the second alignment positions; and

» determining a target-associated abundance metric of the set of target-associated
abundance metrics, based on the peak intensity metric for the base of the target-
associated sequence and the peak intensity metric for the base of the first target
sequence.

9. The method of Claim 8,

» wherein the first alignment position corresponds to a first peak and a second peak of
the first set of peaks,

» wherein the first peak corresponds to an overlapping base of the target-associated
sequence,

» wherein the first peak corresponds to a first target-associated abundance metric of the
set of target-associated abundance metrics,

» wherein the second peak corresponds to an overlapping base of the target sequence,
and

» wherein the second peak corresponds to a second target-associated abundance metric
of the set of target-associated abundance metrics.

10. The method of Claim 6,

» wherein the medical condition comprises at least one of a chromosomal abnormality,
a single gene disorder, and a cancer condition,

» wherein the first target sequence region is associated with at least one of a first

chromosome and a mutation,
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» wherein a reference sequence region of the biological reference is associated with at
least one of a second chromosome and a lack of the mutation, and

» wherein facilitating the characterization of the medical condition comprises
facilitating the characterization of the at least one of the chromosomal abnormality,
the single gene disorder, and the cancer condition, based on the set of target-
associated abundance metrics and the set of reference-associated abundance metrics.

11. The method of Claim 6, further comprising adding at least one sequence region to at least
one of the set of target-associated molecules and the target molecules, wherein the at
least one sequence region comprises at least one of (a) a second target- associated
region with sequence similarity to a second target sequence region, and (b) at least one
sequence repeat of at least one of a region of the target-associated sequence and a
region of the target sequence.

12. The method of Claim 11,

» wherein adding the at least one sequence region comprises adding the at least one
sequence repeat of the at least one of the region of the target-associated sequence and
the region of the target sequence,

» wherein the first set of peaks of the at least one chromatogram-related output
correspond to a first sequencing for the first target-associated region, the first target
sequence region of the biological target, the target variation region, and the sequence
region of the biological target,

» wherein the at least one chromatogram-related output comprises a second set of peaks
corresponding to a second sequencing for the first target-associated region, the first
target sequence region of the biological target, the target variation region, and the
sequence region of the biological target, and

» wherein determining the set of target-associated abundance metrics comprises
determining the set of target-associated abundance metrics based on the first set of

peaks and the second set of peaks.
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13. The method of Claim 6, further comprising adding at least one sequence repeat to at least
one of the set of target-associated molecules and the target molecules, wherein adding
the at least one sequence repeat comprises co-amplifying, with a set of primers

comprising a hairpin sequence, the set of target-associated molecules and the target

molecules.
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