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Abstract:

Systems and methods for amplification and detection of metabolite signals are provided. A plurality
of files containing m/z signal intensities may be captured by a mass spectrometer. Each file of m/z
signal intensities may include signals associated with mass measurements of compounds in a
respective sample. The datasets of the chromatograms may be combined into a merged spectra of
m/z signal intensities. A concentration of signals may be identified in the merged chromatogram as
following a specified statistical distribution and determined to be indicative of a metabolite when the
concentration of signals corresponds to one or more mass measurements associated with a metabolite
and an isotopologue of the metabolite.
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AMPLIFICATION AND DETECTION OF COMPOUND SIGNALS

BACKGROUND OF THE INVENTION

1. Governmental Rights
[0001] This invention was made with government support under DE-5C--18277 awarded by

the Department of Energy. The government has certain rights in the invention.

2. Cross-Reference to Related Applications
[0002] This application claims priority from Provisional Application numbecr 63/185,674,

filed May 7, 2021, the entire contents of which are hereby incorporated by reference.

3. Field of the Invention
[0003] The present disclosure relates generally to compound detection. More specifically,

the present disclosure relates to amplification and detection of compound signals.

4. Description of the Related Art

[0004] Liquid chromatography-mass spectrometry (LC-MS) is a chemical technique that
rclics on two dimensions of scparation to identify diffcrent compounds in a sample as unique
mass features. A liquid chromatography system may separate the different compounds by
structural properties, while a mass spectrometer subsequently determines the mass and
intensity of the ions that elute from the chromatography column. Modern high-resolution mass
spectrometry can now detect and quantify ions with high mass precision (< 5 ppm mass error),
but may also result in significant amounts of noisc.

[0005] Thus, detecting valid compound peaks within mass spectrometry data may therefore
present a number of challenges when the compound may only be present at low levels relative
to noise. For example, samples from complex systems may include large numbers of different
compounds, some of which (e.g., metabolites) may only be present in relatively low quantities.

A typical mass spectrometry file may contain as many as millions of data points, while as few as
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several hundred to thousands may correspond to true metabolite signals that are interspersed
in vast amounts of noise. Such metabolite signals are generally analyzed computationally, but
existing computational methods are often incapable of detecting or identifying many metabolite
sighals amidst the noise. While some methods may use pre-filtering in an attempt to filter out
noise, such methods end up discarding valid metabolite signals.

[0006] The challenge of distinguishing signal from noise is further exacerbated by the
inability of existing approaches to deal with the totality of a dataset simultaneously. Some
current solutions rely on processing small, limited slices of a dataset in increments. Due to such
limitations, not only do existing approaches fail to identify metabolite signals present in a mass
spectrometry file, but such approaches may also frequently make the converse mistake of
misidentifying noise signals as representing potential metabolites. Thus, such solutions may be
prone Lo [alse posilives, dropouls, and mismalched noise and signal.

[0007] Other attempts to get around such computational limitations so as to accurately
identify metabolites in an untargeted fashion have had serious drawbacks. For example, one
particular method of validating true metabolite signals requires repeated collection and
labelling of samples multiple times (e.g., prior to exposure and saturation point after exposure),
which can be laborious and time-consuming. Presently available labelling methods may not be
equally applicable, effective, or practical, however, with the varied components that may be
present in complex systems (e.g., organisms that cannot be cultured or labelled). Thus, the
applicability and effectiveness of such label-based methods may be limited to simple system:s.
Further, such label-based methods are incapable of scaling for use in detecting, identifying, and
quantifying metabolites in an untargeted fashion in increasingly larger and more complicated
datasets.

[0008] Thus, there is a need for improved systems and methods of identifying metabolite
signals accuratcly from datascts of hundreds to thousands of samples in any specics within a

totality of an untargeted LC-MS dataset.

5. Summary of the Invention

[0009] One aspect of the present disclosure encompasses a method for amplification and
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detection of compound signals. The method comprises the following steps: (a) receiving a
plurality of data files that include mass-to-charge (m/z) signal intensities captured by a mass
spectrometer, wherein the m/z signal intensities correspond to signals associated with mass
measurements of compounds in a sample; (b) combining the plurality of data files into a
merged file that includes a merged spectra of m/z signal intensities; (c) identifying a
concentration of signals within the merged spectra of m/z signal intensities of the merged file,
the concentration of signals identified as following a specified statistical distribution; and (d)
determining that the concentration of signals is indicative of a compound when the
concentration of signals corresponds to one or more mass measurements associated with the
compound and an isotopologuc of the compound.

[0010] In some aspects, the concentration of signals within the merged m/z signal intensities
is indicative of the compound includes verifying that the concentration of signals includes a
first peak associated with the compound and a second peak associated with the isotopologue.
The first peak can be offset from the second peak based on a difference in mass between the
compound and the isotopologue, and verifying the concentration of signals can include initially
identifying the first peak and subsequently identifying the second peak based on the offset.
[0011] The method can further comprise identifying the type of the compound based on the
mass measurements, wherein the type of the compound is identified as at least one of a specific
mctabolite or organic compound. The isotopologuc includcs a carbon-13 isotopc of the
compound, and the concentration of signals includes a first peak associated with the compound
that is offset from a second peak associated with the isotopologue, the offset corresponding to
carbon-13 mass.

[0012] In some aspects, the specified statistical distribution follows a Gaussian distribution.
When the specified statistical distribution follows a Gaussian distribution, the method can
further comprise correcting for drift among the plurality of data files based on a mass offset
associated with the compound and the isotopologuce. Further, correcting for drift can comprisc
generating a mass-shifted m/z signal intensities file by injecting a mass shift to each of the
signals in the merged spectra of m/z signal intensities; and updating the merged file of m/z

signal intensities based on the generated mass-shifted m/z signal intensities file. In some
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aspects, correcting for drift further comprises identifying an optimal amount of the mass shift
based on the mass offset associated with the compound and the isotopologue. Identifying the
amount of mass shift can comprise comparing a peak associated with the compound and a peak
associated with the isotopologue in at least two samples; identifying pairs of the compound and
the isotopologue based on the mass offset, wherein each of the pairs is associated with an
amount of mass shift; and identifying the optimal amount of mass shift based on
correspondence to a greatest number of pairs.

[0013] Another aspect of the present disclosure encompasses a system for amplification and
detection of compound signals. The system comprises an interface that receives a plurality of
data files that include mass-to-charge (m/z) signal intensitics captured by a mass spectrometer,
wherein the m/z signal intensities correspond to signals associated with mass measurements of
compounds in a sample; and a processor that executes instructions stored in memory. The
processor executes the instructions to combine the plurality of data files into a merged file that
includes a merged spectra of m/z signal intensities; identify a concentration of signals within the
merged spectra of m/z signal intensities of the merged file, the concentration of signals
identified as following a specified statistical distribution; and determine that the concentration
of signals is indicative of a compound when the concentration of signals corresponds to one or
more mass measurements associated with the compound and an isotopologue of the
compound.

[0014] In some aspects, the processor determines that the concentration of signals within
the merged m/z signal intensities is indicative of the compound by verifying that the
concentration of signals includes a first peak associated with the compound and a second peak
associated with the isotopologue. The first peak can be offset from the second peak based on a
difference in mass between the compound and the isotopologue, and wherein the processor
verifies the concentration of signals by initially identifying the first peak and subsequently
identifying the sccond peak based on the offsct.

[0015] In some aspects, the processor executes further instructions to identity the type of
the compound based on the mass measurements, wherein the type of the compound is

identified as at least one of a specific metabolite or organic compound. In some aspects, the
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isotopologue includes a carbon-13 isotope of the compound, and wherein the concentration of
signals includes a first peak associated with the compound that is offset from a second peak
associated with the isotopologue, the offset corresponding to carbon-13 mass. The specified
statistical distribution can follow a Gaussian distribution. the specified statistical distribution
follows a Gaussian distribution.

[0016] The processor can execute further instructions to correcting for drift among the
plurality of data files based on a mass offset associated with the compound and the
isotopologue. For instance, the processor can correct for drift by generating a mass-shifted m/z
signal intensities file by injecting a mass shift to each of the signals in the merged spectra of m/z
signal intensitics; and updating the merged file of m/z signal intensitics based on the gencrated
mass-shifted m/z signal intensities file. In some aspects, the processor executes further
instructions to identify an optimal amount of the mass shift based on the mass offset associated
with the compound and the isotopologue. The processor can identify the amount of mass shift
by comparing a peak associated with the compound and a peak associated with the
isotopologue in at least two samples; identifying pairs of the compound and the isotopologue
based on the mass offset, wherein each of the pairs is associated with an amount of mass shift;
and identifying the optimal amount of mass shift based on correspondence to a greatest number
of pairs.

[0017] An additional aspcct of the present disclosure cncompasses a non-transitory
computer-readable storage medium having embodied thereon instructions executable by a
processor to perform a method for amplification and detection of compound signals. The
method comprises the steps of: (a) receiving a plurality of data files that include mass-to-charge
(m/z) signal intensities captured by a mass spectrometer, wherein the m/z signal intensities
correspond to signals associated with mass measurements of compounds in a sample; (b)
combining the plurality of data files into a merged file that includes a merged spectra of m/z
signal intensitics; (c) identifying a concentration of signals within the merged spectra of m/z
signal intensities of the merged file, the concentration of signals identified as following a
specified statistical distribution; and (d) determining that the concentraticn of signals is

indicative of a compound when the concentration of signals corresponds to one or more mass
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measurements associated with the compound and an isotopologue of the compound.

[0018] In some aspects, determining that the concentration of signals within the merged
m/z signal intensities are indicative of the compound includes verifying that the concentration
of signals includes a first peak associated with the compound and a second peak associated
with the isotopologue. The first peak can be offset from the second peak based on a difference
in mass between the compound and the isotopologue, and verifying the concentration of signals
can include initially identifying the first peak and subsequently identifying the second peak
based on the offset.

[0019] In some aspects, the non-transitory computer-readable storage medium further
compriscs instructions exccutable to identify the type of the compound bascd on the mass
measurements, wherein the type of the compound is identified as at least one of a specific
metabolite or organic compound.

[0020] In some aspects, the isotopologue includes a carbon-13 isotope of the compound,
and wherein the concentration of signals includes a first peak associated with the compound
that is offset from a second peak associated with the isotopologue, the offset corresponding to
carbon-13 mass. The specified statistical distribution can follow a Gaussian distribution.
[0021] The non-transitory computer-readable storage medium can further comprise
instructions executable to correct for drift among the plurality of data files based on a mass
offsct associated with the compound and the isotopologue. In some aspects, identifying the
amount of mass shift comprises comparing a peak associated with the compound and a peak
associated with the isotopologue in at least two samples; identifying pairs of the compound and
the isotopologue based on the mass offset, wherein each of the pairs is associated with an
amount of mass shift; and identifying the optimal amount of mass shift based on

correspondence to a greatest number of pairs.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The patent or application file contains at least one drawing originally executed in
color. Copies of this patent or patent application publication with color drawing(s) will be
provided by the Office upon request and payment of the necessary fee.

[0023] FIG. 1A illustrates an exemplary mass spectrometry dataset of a small size and
related distributions associated with certain compounds.

[0024] FIG. 1B illustrates an exemplary mass spectrometry dataset of an intermediate size
and related distributions associated with certain compounds.

[0025] FIC. 1C illustrates an exemplary mass spectrometry datasct of a large size and

distributions associated with certain compounds.

[0026] FIG. 2A illustrates an exemplary mass spectrometry dataset for citrulline.
[0027] FIG. 2B illustrates an exemplary mass spectrometry dataset for a citrulline
isotopologue.

[0028] FIG. 2C illustrates a set of exemplary mass spectrometry datasets for citrulline

illustrating signal amplification as sample number increases in a merged file of m/z signal
intensities.

[0029] FIG. 2D illustrates a set of exemplary mass spectrometry datasets for a citrulline
isotopologuc illustrating signal amplification as samplc numbecr incrcases in a merged filc of
m/z signal intensities.

[0030] FIG. 2E illustrates an alternative set of exemplary mass spectrometry datasets for
citrulline illustrating signal amplification as sample number increases in a merged file of m/z
signal intensities.

[0031] FIG. 2F illustrates an alternative sct of exemplary mass spectrometry datascts for a
citrulline isotopologue illustrating signal amplification as sample number increases in a merged

file of m/z signal intensitics.

[0032] FIG. 3A illustrates an exemplary metabolite signal associated with an isotopologue

signal.

[0033] FIG. 3B illustrates an exemplary metabolite signal associated with two isotopologue
7
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signals.

[0034] FIG. 4A illustrates an exemplary set of merged m/z signal intensities resulting from
the combination of a plurality of files containing m/z signal intensities from individual samples
within multiple sample batches where there is a 2 ppm mass shift between the two batches,
which impacts the m/z signal intensity for both the compound and its isotopologue.

[0035] FIG. 4B illustrates that different mass shifts that are less than the actual mass shift
generate varying numbers of isopairs depending on the distance from the true mass shift, where
a putative mass shift that is less than the actual mass shift may generate fewer isopairs than the
true mass shift of 2 ppm and the true mass shift of 2 ppm may produce the most isopairs.

[0036] FIC. 4C illustrates that diffcrent mass shifts greater than the actual mass shift
generate varying numbers of isopairs, depending on the distance from the true mass shift where
a putative mass shift that is more than the actual mass shift may generate fewer isopairs than
the true mass shift of 2 ppm and the true mass shift of 2 ppm may produce the most isopairs.
[0037] FIG. 4D illustrates a merged spectra of m/z signal intensities in which the mass drift
has been corrected via a shift of 2 ppm, thereby maximizing the ability to detect isopairs.

[0038] FIG. 4E illustrates merged spectra of m/z signal intensities before and after the mass
drift of citrulline has been corrected via a shift of 2 ppm based on the true mass shift determined
in FIG. 4D.

[0039] FICG. 5 is a flowchart illustrating an exemplary method for amplification and
detection of metabolite signals.

[0040] FIG. 6 shows an example of a system for implementing certain aspects of the present

technology..
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DETAILED DESCRIPTION

[0041] Embodiments of the present disclosure include systems and methods for
amplification and detection of compound signals. A plurality of m/z signal intensities may be
captured by a mass spectrometer in an output file. Mass-to-charge ratio (m/z) data describes the
mass to charge ratio of an ion deriving from a measurable compound, while intensity data
records the abundance of a species of a given m/z. Each output file may include signals
associated with mass measurements of compounds in a respective sample, as well as retention
time information that may be represented in a chromatogram. The datasets of the output files
may be combined into a merged file of m/z signal intensitics. A concentration of signals may be
identified in the merged m/z signal-intensities following a specified statistical distribution and
determined to be indicative of a compound of specific m/z when the concentration of signals
corresponds to one or more mass measurements associated with the compound and an
isotopologue of the compound. Isotopologues are structurally and chemically identical to the
compound, except for the mass difference of a specific isotope atom. Thus, the difference in
mass between the compound and its corresponding isotopologue is based on the mass of the
specific isotope atom.

[0042] In some embodiments, liquid chromatography-mass spectrometry (LC-MS) can be
uscd for untargeted analyses of chemical, biochemical, and mctabolomic compounds. Whilc
specific types of compounds (e.g., metabolites, citrulline) may be discussed herein, such
discussion of specific embodiments is for illustrative purposes and should not be interpreted as
limiting the present disclosure to the specific embodiments being illustrated and discussed. In
order to harness the sensitivity of LC-MS while avoiding associated noise, embodiments of the
present disclosure separate truc and valid signals indicative of the compound from noisc using
amplification and validation based on isotopologue analysis. Various embodiments may
amplify compound signals by combining or pooling a plurality of m/z signal intensity files
together. Such combination may also result in amplification of the associated isotopologue
signals.

[0043] FIGs. 1A-C illustrates exemplary mass spectrometry datasets of different sizes and

9
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distributions associated with certain compounds. As illustrated, the differently-sized data sets
include different numbers of data points regarding mass spectrometry signals associated with
mass measurements of compounds in a sample. While the signals generally fall into a specific
distribution (e.g., Gaussian distribution), increasing the number of the data points obtained
from plurality of pooled or merged m/z signal intensity files may also increase the prominence
and detectability of the specific peak(s) amidst the surrounding noise. Each peak may
correspond to a specific mass measurement of a compound, while noise may be more randomly
distributed among many millions of detectable compound masses. As a result, when m/z signal
intensities from many samples are combined together, the net noise levels may be reduced
rclative to the compound peaks resulting from aggregation of truc and valid signals at a
particular mass for the compound. As noise may be randomly distributed in each file of m/z
signal intensities, the probability of observing multiple noise signals concentrated at a specific
mass may be low to negligible, because the probability of getting noise at the exact m/z

(e.g., measured to within 0.0001 of a single Dalton across a range of 1-1000 Daltons) and a high
intensity more than once is extremely low in comparison to true and valid signals. Such
difference may become even more prominent as the number of samples (and output data files
thereof) increase. While the amount of noise signals can increase with more samples, this may
be a slow and linear accumulation that may be far outpaced by exponential amplification of
valid m/z signals that result from pooling samples into a merged spectra of m/z signal
intensities. Importantly, because the production of noise signals may be a random process, the
increased statistical power of a merged m/z signal intensities makes it possible to set accurate
signal-to-noise threshelds via resampling based on permutation tests minimizes potential false
positives. Thus, intensity measurements around signals representing true masses may therefore
appcar hyper-concentrated in peaks that follow a specific statistical (e.g., Gaussian or
Lorentzian) distribution.

[0044] FIC. 1A illustrates an exemplary mass spectrometry datasct of a small size and
related distributions associated with certain compounds. As illustrated in FIG. 1A, the small
dataset (relative to the larger datasets of FIGs. 1B-C) includes a set of signals corresponding to

mass measurements associated with a specific compound and an isotopologue of the
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compound. The set of signals appear, however, in conjunction with a certain amount of noise.
While the signals associated with the compound and isotopologue may be consistent with a
specific statistical (e.g., Gaussian) distribution, the specific peaks (particularly the peak
associated with the isotopologue) may not be concentrated enough to be detectable amidst the
noise (which does not follow any particular distribution).

[0045] FIG. 1B illustrates an exemplary mass spectrometry dataset of an intermediate size
and related distributions associated with certain compounds, and FIG. 1C illustrates an
exemplary mass spectrometry dataset of a large size and distributions associated with certain
compounds. As illustrated in FIGs. 1B and 1C, increasing the number of data points may
concentrate the number of signals within the peaks that follow a Gaussian distribution about
the respective mass measurements of the compound and its isotopologue. Thus, combining or
aggregating m/z signal intensities from multiple samples may increase the concentration of
signals and the prominence of the respective peaks, thereby allowing for more certain detection
amidst the noise. In comparison to FIG. 1A, adding more samples may result in more signal
intensity measurements representing true masses hyper-concentrating along Gaussian
distributions (e.g., within 5 parts per million (ppm)) corresponding to the mass of a specific
compound. Thus, the concentration of signals (¢.g., in two peaks) may be increased from a
signal/noise ratio without requiring signal filtering, which could exclude true compound peaks.
[0046] In some embodiments, the compound of interest may be a metabolite or other type
of organic compound. An isotopologue of the compound may include, for example, a carbon-13
isotope atom. While such isotopes may naturally occur, such occurrence may be at relatively
low levels (e.g., 1% of abundance relative to the associated compound). A true signal for the
specific compound may therefore be accompanied by a valid signal of a naturally-occurring
isotopologuc that is lower in abundance and whosc signal is offsct from the truc signal by
exactly the mass difference between the dominant and rarer isotopic species of an element and
its (¢.g., carbon-13) atom(s). Similar to how aggregated compound signals may hyper-
concentrate around the mass of the compound, aggregated isotopologue signals may similarly
hyper-concentrate around the mass of the isotopologue. Thus, when m/z-signal intensities from

multiple samples are combined into a single, merged file of m/z signal-intensities, the
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probability of finding a pair of signals offset by the exact mass of one or more carbon-13 atoms
(representing a compound and its naturally-occurring isotopologue(s)) at a single retention time
window increases significantly. (The chromatogram data can be included in the file of m/z
signal intensities if available to ensure that compounds and their isotopologues elute at similar
retention times.) An isotopologue can then be detected where the merged file of m/z signal-
intensities contains two peaks offset by one or more 13C atoms. Sets of signals linked by a mass
shift that is an integer multiple of the mass of a 13C atom may be referred herein as “isopairs.”
and may occur at the same retention time as the parent metabolite. The presence of the
isotopologue peak may further increase confidence in the determination that the associated
compound pcak is actually associated with the compound (e.g., rather than noisc or any
inorganic salts). In addition to organic compounds, the techniques discussed herein may further
be applicable to compounds including any other multi-isotopic element, such as nitrogen,
oxygen, sulfur, chlorine, bromine, selenium, etc.

[0047] FIGs. 2A-F illustrated exemplary mass spectrometry data for the metabolite
compound citrulline and the corresponding naturally-occurring isotopologue of citrulline. In
particular, FIGs. 2A-B illustrate a respective mass spectrometry dataset for citrulline and for the
citrulline isotopologue, while FIGs 2C-F illustrated increasingly larger quantities of mass
spectrometry datasets for citrulline and the citrulline isotopologue.

[0048] In particular, FIG. 2A illustrates an exemplary data sct that includes signals clustered
at the mass measurement of citrulline (176.1034 under positive mode mass spectrometry)
amidst other signals likely associated with noise. The concentration of the signals at citrulline
mass measurement may not, however, be readily distinguishable from the noise present in the
data set. Meanwhile, as illustrated in FIG. 2B, a single data set may include extremely low levels
of the citrulline isotopologue. The concentrations may be further enhanced as the number of
data sets is increased. For example, FIGs. 2C-D illustrates that the addition of data sets may
concentrate the signals of both citrulline and its isotopologuc, while FIGs. 2E-2F illustratc cven
more concentration as even more data sets are combined. Specifically, FIG. 2C illustrates a set of
exemplary mass spectrometry datasets for citrulline illustrating signal amplification as sample

number increases in merged files of m/z signal intensities, while FIG. 2D illustrates a set of
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exemplary mass spectrometry datasets for a citrulline isotopologue illustrating signal
amplification as sample number increases in a merged files of m/z signal intensities. Meanwhile,
FIG. 2E illustrates an alternative set of exemplary mass spectrometry datasets for citrulline
illustrating signal amplification as sample number increases in a merged files of m/z signal
intensities, and FIG. 2F illustrates an alternative set of exemplary mass spectrometry datasets
for a citrulline isotopologue illustrating signal amplification as sample number increases in a
merged files of m/z signal intensities.

[0049] FIG. 3A illustrates an exemplary metabolite signal associated with one isotopologue
signals, and FIG. 3B illustrates an exemplary metabolite signal associated with two isotopologue
signals. As illustrated, a main signal associated with a specific compound may be associated
with an isotopologue signal that is offset by the specific mass of the isotope atom. Pairs
associated with the specified offset may be referred to herein as isopairs. In some embodiments,
another (secondary) isotopologue signal may be present and offset from the other isotopologue
signal by the specific mass of the isotope atom (FIG. 3B). While the isotopologue may be less
abundant than the non-isotopic compound, the aggregation of multiple data sets may
concentrate the isotopologue signals sufficiently so as to be distinguishable from noise.
Moreover, the peaks associated with an isotopologue are concentrated by a specific offset.

[0050] In some embodiments, the presence of one or more isopairs can be used to verify a
data point as being associated with a signal representing a truc metabolite signal. The
probability of finding isopairs in a region of noise (¢.g., false positives) relative to the number of
true positives decreases as the number of samples” m/z signal intensities being merged
increases. Various embodiments may set different thresholds for the number of samples” m/z-
signal intensities to be merged based on different levels of probabilities deemed to be
acceptable. Additionally, the falsc positive rate can be further controlled by requiring isopairs to
occur more than once. For example, hundreds to thousands of samples” m/z-signal intensities
may be merged into a single file that can be scarched for isopairs by using data reduction
techniques. Instead of looking within a single retention time scan across multiple samples when
chromatography data is also merged, such a search may be applied across all retention

windows in a single sample to detect enough signals to identify sets of isopairs in a highly
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sensitive fashion. Thus, the present approach to amplification and detection of compound
signals represents an improvement over prior label-based detection not only in terms of
feasibility, cost, and time efficiency, but is also an improvement in terms of sensitivity,
robustness, scalability, more accurate, affordable, and applicable to untargeted compound
analytics —all while avoiding the computational consequences of existing methods such as
signal loss and high false positive rates.

[0051] In various embodiments, samples may be run and analyzed in a single batch

(e.g., plate), while other embodiments may include multiple batches over time. Large datasets
may be split into multiple batches of one or more samples where only a subset of samples may
be prepped at a given time. The addition of more batches may introduce drift (e.g., related to
thermal, kinetic, stochastic effects) belween the associated batch data even with calibrations.
Whatever amount of mass drift that exists from one sample’s m/z signal intensities to that of
another sample may be global to the data points within the respective sample, thereby affecting
the m/z signal intensities for all ions. Thus, while the effect of concentrated signals (e.g., peaks)
may appear in each data file/sample, the center of the compound peak in a first data file/sample
may not exactly overlap the compound peak in a second data file/sample. Rather, the
compound peaks may exhibit a certain amount of drift (e.g., -2 to 9 ppm or even more) between
m/z signal intensities associated with different batches.

[0052] FIC. 4A illustratcs an exemplary sct of merged m/z signal intensitics resulting from
the combination of a plurality of files containing m/z signal intensities from individual samples
within multiple sample batches where there is a 2 ppm mass shift between the two batches,
which impacts the m/z signal intensity for both the compound and its isotopologue. As
illustrated, the merged m/z signal intensities may be associated with multiple samples (e.g.,
from different batches). While a peak is present, such peak may be distributed over a wider
range when drift is present.

[0053] Various embodiments of the present disclosure may include correcting for such drift
between different batches. Such correction for drift may generate a merged file of mass-shifted
m/z signal intensities by determining and then correcting for an identified mass shift between

batches. This may create a merged file of m/z signal intensities such that m/z data from multiple
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batches are now aligned with one another in the files of merged m/z signal intensities. FIG. 4A
depicts a realistic mass shift of 2 ppm between two different batches of samples.

[0054] FIG. 4B illustrates that different mass shifts that are less than the actual mass shift
generate varying numbers of isopairs depending on the distance from the true mass shift, where
a putative mass shift that is less than the actual mass shift may generate fewer isopairs than the
true mass shift of 2 ppm and the true mass shift of 2 ppm may produce the most isopairs, and
FIG. 4C illustrates that different mass shifts greater than the actual mass shift generate varying
numbers of isopairs, depending on the distance from the true mass shift where a putative mass
shift that is more than the actual mass shift may generate fewer isopairs than the true mass shift
of 2 ppm and the truc mass shift of 2 ppm may producc the most isopairs. FIGs. 4B and 4C
show different mass shifts generate varying numbers of isopairs, with the highest number of
isopairs being generated when all signals originating from batch 2 are shifted by 2 ppm relative
to batch 1. Different amounts of mass shift may be used, however, based on a comparison of
different potential mass shifts.

[0055] In embodiments of the present disclosure, the optimal mass shift may be defined as
one resulting in the most isopairs. For example, where there are multiple batches, the distance
of a compound peak from a first batch may be compared to the isotopologue peak from the
second batch where the distance depends on both the mass of an elemental isotope plus a mass
shift duc to mass drift. Such mass shift can be determined by finding isopairs between the
compounds in a reference batch and potential isotopologues in a query batch, while testing
multiple potential mass shifts one at a time as shown in FIGs. 4A and 4B. As discussed herein,
assuming no mass drift, the mass offset between a compound and its corresponding
isotopologue is known as corresponding to the mass of the isotopic atom. Citrulline, for
cxample, has a mass offsct of 1.00336 from its carbon-13 isotopologue bascd on the additional
mass of a carbon-13 atom. Thus, isopairs may be identified based on a combination of the mass
offsct plus a potential mass shift amount. Different potential mass shift amounts may be
evaluated and compared to determine which may correspond to the most isopairs.

[0056] Whereas FIG. 4A depicts a realistic mass shift of 2 ppm between two different

batches of samples, FIGs. 4B and 4C show that different mass shifts generate varying numbers
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of isopairs, with the highest number of isopairs being generated when all signals originating
from batch 2 are shifted by 2 ppm relative to those in batch 1. The mass shift associated with the
most isopairs may therefore be selected to use in generating the merged file of mass-shifted m/z
signal intensities with the drift removed such that Gaussian-distributed signals around any true
m/z signal intensity overlap one another regardless of batch. This is shown in FIG. 4D, which
illustrates a merged spectra of m/z sighal intensities in which the mass drift has been corrected
via a shift of 2 ppm, thereby maximizing the ability to detect isopairs. Once the spectra of mass-
shifted m/z signal intensities is generated, it can be used to identify isopairs that signify true
metabolite signals. The illustration of FIG. 4D illustrates that correcting for mass drift creates a
merged output of mass-intensity signals that have the most statistical power for detecting
isopairs. FIG. 4E illustrates merged spectra of m/z signal intensities of citrulline before and after
the mass drift of citrulline has been corrected via a shift of 2 ppm based on the true mass shift
determined in FIG. 4D.

[0057] FIG. 5 is a flowchart illustrating an exemplary method 500 for amplification and
detection of metabolite signals. In method 500, a plurality of files containing m/z signal
intensities may be captured by a mass spectrometer. Chromatographic data for all signals may
also be incorporated if the relevant equipment is used and such data is collected. Each file of
m/z signal intensities may include signals associated with mass measurements of compounds in
a respective sample. The datasets of the m/z signal intensitics may be combined into a merged
file of m/z signal intensities. A concentration of signals may be identified in the merged files of
m/z signal intensities as following a specified statistical distribution and determined to be
indicative of a metabolite when the concentration of signals corresponds to one or more mass
measurements associated with a metabolite and an isotopologue of the metabolite. Because such
a process of correcting for mass-drift incorporates isotopologues and cffectively “locks” the
Gaussian distributions for a single m/z intensity signal upon each other despite batch-related
drifts, such process may be referred to herein as “isolock.”

[0058] In step 502, a plurality of data sets may be received at a computing system
(described in further detail in relation to FIG. 6). Such data sets may be communicated to the

computing system using any of a variety of interfaces known in the art for communicating
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information (e.g., mass spectrometry datasets) captured by a mass spectrometer to the
computing device for analysis. Each data set may correspond to m/z signal intensities that
include signals associated with different mass measurements of compounds in a sample and
may also contain the retention time or other chromatographic data information associated with
each signal. In addition to chromatography, different separation techniques

(e.g., electrophoresis, ion mobility, etc.) may also be used in conjunction with mass spectrometry
to analyze isotopic patterns.

[0059] In step 504, a plurality of m/z signal-intensities may be combined into a file of
merged m/z signal-intensities. As noted herein, increasing the number of samples’ m/z signal
intensities may result in increasing concentrations of compound signals about its associated
mass measurements, as well as increasing concentrations of the associated isotopologue signals.
Thus, signal patterns that may not be distinguishable from noise within a single sample’s mass-
intensity file may begin to emerge within a merged spectra of m/z signal intensities based on
multiple samples” m/z signal intensities. For example, different peaks may become more
prominent as more samples’ m/z signal intensities are combined within the merged
chromatogram.

[0060] In step 506, peaks may be identified within the merged m/z signal intensities . Such
peaks may correspond to a specified distribution, such as a Gaussian distribution. In
comparison to noisc (which may bc randomly distributed), signals that arc indicative of a
particular compound may tend to center around the mass measurement of that compound.
Thus, peaks corresponding to a Gaussian distribution within the merged chromatogram may be
a valid indicator of the compound.

[0061] In step 508, isopairs of the peaks may be identified within the merged m/z signal
intensitics. As discussed hercein, isopairs (e.g., a specific compound and its corresponding
isotopologue) may be associated with a specific offset based on the difference in isotopic mass.
For example, carbon-13 isotopologucs arc associated with a mass offsct of 1.00336 bascd on the
isotopic mass difference of a carbon-13 atom. The identification that a first peak corresponds to
a specific compound may be verified, therefore, based on the second peak corresponding to the

isotopologue appearing at the mass offset within the merged m/z signal intensities.
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[0062] Steps 510 and 512 may be performed in implementations that involve multiple
batches (e.g., plates). In such implementations, drift may exist between the different batches,
and as such, may require correction. In step 510, an amount of mass shift may be identified as
the optimal amount to correct for drift. Different amounts of potential mass shifts may be
evaluated and compared to which one corresponds to the most isopairs. In an exemplary
embodiment, the amount of mass shift resulting in the most isopairs may be selected to correct
for the drift.

[0063] In step 512, the selected amount of mass shift may be used to correct for mass drift.
Such correction may include generating a merged file of mass-shifted spectra m/z signal
intensitics by introducing the sclected amount of mass shift into an original spectra of m/z
signal intensities. The mass-shifted spectra of m/z signal intensities may thereafter replace the
original spectra of m/z signal intensities data such that isopairs may be used to identify
compounds in the corrected spectra of m/z signal intensities.

[0064] FIG. 6 shows an example of computing system 600 in which the components of the
system are in communication with each other using connection 605. Connection 605 can be a
physical connection via a bus, or a direct connection into processor 610, such as in a chipset
architecture. Connection 605 can also be a virtual connection, networked connection, or logical
connection.

[0065] In some embodiments computing system 600 is a distributed system in which the
functions described in this disclosure can be distributed within a datacenter, multiple
datacenters, a peer network, etc. In some embodiments, one or more of the described system
components represents many such components each performing some or all of the function for
which the component is described. In some embodiments, the components can be physical or
virtual devices.

[0066] Example system 600 includes at least one processing unit (CPU or processor) 610 and
connection 605 that couples various system components including system memory 615, such as
read only memory (ROM) and random access memory (RAM) to processor 610. Computing
system 600 can include a cache of high-speed memory connected directly with, in close

proximity to, or integrated as part of processor 610.
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[0067] Processor 610 can include any general purpose processor and a hardware service or
software service, such as services 632, 634, and 636 stored in storage device 630, configured to
control processor 610 as well as a special-purpose processor where software instructions are
incorporated into the actual processor design. Processor 610 may essentially be a completely
self-contained computing system, containing multiple cores or processors, a bus, memory
controller, cache, etc. A multi-core processor may be symmetric or asymmetric.

[0068] To enable user interaction, computing system 600 includes an input device 645,
which can represent any number of input mechanisms, such as a microphone for speech, a
touch-sensitive screen for gesture or graphical input, keyboard, mouse, motion input, speech,
ctc. Computing system 600 can also include output device 635, which can be one or morc of a
number of output mechanisms known to those of skill in the art. In some instances, multimodal
systems can enable a user to provide multiple types of input/output to communicate with
computing system 600. Computing system 600 can include communications interface 640,
which can generally govern and manage the user input and system output. There is no
restriction on operating on any particular hardware arrangement and therefore the basic
features here may easily be substituted for improved hardware or firmware arrangements as
they are developed.

[0069] Storage device 630 can be a non-volatile memory device and can be a hard disk or
other types of computer recadable media which can store data that arc accessible by a computer,
such as magnetic cassettes, flash memory cards, solid state memory devices, digital versatile
disks, cartridges, random access memories (RAMs), read only memory (ROM), and/or some
combination of these devices.

[0070] The storage device 630 can include software services, servers, services, etc., that
when the code that defines such softwarc is executed by the processor 610, it causes the system
to perform a function. In some embodiments, a hardware service that performs a particular
function can include the softwarc component stored in a computer-recadable medium in
connection with the necessary hardware components, such as processor 610, connection 605,
output device 635, etc., to carry out the function.

[0071] For clarity of explanation, in some instances the present technology may be
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presented as including individual functional blocks including functional blocks comprising
devices, device components, steps or routines in a method embodied in software, or
combinations of hardware and software.

[0072] Any of the steps, operations, functions, or processes described herein may be
performed or implemented by a combination of hardware and software services or services,
alone or in combination with other devices. In some embodiments, a service can be software
that resides in memory of a client device and/or one or more servers of a content management
system and perform one or more functions when a processor executes the software associated
with the service. In some embodiments, a service is a program, or a collection of programs that
carry out a specific function. In some embodiments, a scrvice can be considered a scrver. The
memory can be a non-transitory computer-readable medium.

[0073] In some embodiments the computer-readable storage devices, mediums, and
memories can include a cable or wireless signal containing a bit stream and the like. However,
when mentioned, non-transitory computer-readable storage media expressly exclude media
such as energy, carrier signals, electromagnetic waves, and signals per se.

[0074] Methods according to the above-described examples can be implemented using
computer-executable instructions that are stored or otherwise available from computer readable
media. Such instructions can comprise, for example, instructions and data which cause or
otherwisc configure a general purpose computet, special purpose computer, or special purpose
processing device to perform a certain function or group of functions. Portions of computer
resources used can be accessible over a network. The computer executable instructions may be,
for example, binaries, intermediate format instructions such as assembly language, firmware, or
source code. Examples of computer-readable media that may be used to store instructions,
information used, and/or information crecated during methods according to described examples
include magnetic or optical disks, solid state memory devices, flash memory, USB devices
provided with non-volatile memory, networked storage devices, and so on.

[0075] Devices implementing methods according to these disclosures can comprise
hardware, firmware and/or software, and can take any of a variety of form factors. Typical

examples of such form factors include servers, laptops, smart phones, small form factor
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personal computers, personal digital assistants, and so on. Functionality described herein also
can be embodied in peripherals or add-in cards. Such functionality can also be implemented on
a circuit board among different chips or different processes executing in a single device, by way
of further example.

[0076] The instructions, media for conveying such instructions, computing resources for
executing them, and other structures for supporting such computing resources are means for
providing the functions described in these disclosures.

[0077] Although a variety of examples and other information was used to explain aspects
within the scope of the appended claims, no limitation of the claims should be implied based on
particular fcaturcs or arrangements in such examples, as one of ordinary skill would be able to
use these examples to derive a wide variety of implementations. Further and although some
subject matter may have been described in language specific to examples of structural features
and/or method steps, it is to be understood that the subject matter defined in the appended
claims is not necessarily limited to these described features or acts. For example, such
functionality can be distributed differently or performed in components other than those
identified herein. Rather, the described features and steps are disclosed as examples of

components of systems and methods within the scope of the appended claims.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method for amplification and detection of compound signals, the method comprising:
receiving a plurality of data files that include mass-to-charge (in/z) signal intensities
captured by a mass spectrometer, wherein the m/z signal intensities correspond to
signals associated with mass measurements of compounds in a sample;
combining the plurality of data files into a merged file that includes a merged spectra of
m/z signal intensitics;
identifying a concentration of signals within the merged spectra of m/z signal intensities
of the merged file, the concentration of signals identified as following a specified
statistical distribution; and
determining that the concentration of signals is indicative of a compound when the
concentration of signals corresponds to cne or more mass measurements associated with

the compound and an isotopologue of the compound.

2. The method of claim 1, wherein determining that the concentration of signals within the
merged m/z signal intensitics is indicative of the compound includes verifying that the
concentration of signals includes a first peak associated with the compound and a second peak

associated with the isotopologue.

3. The method of claim 2, wherein the first peak is offset from the second peak based on a
difference in mass between the compound and the isotopologuce, and wherein verifying the
concentration of signals includes initially identifying the first peak and subsequently

identifying the sccond peak based on the offsct.

4. The method of claim 1, further comprising identifying the type of the compound based on the

mass measurements, wherein the type of the compound is identified as at least one of a specific
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metabolite or organic compound.

5. The method of claim 1, wherein the isotopologue includes a carbon-13 isotope of the
compound, and wherein the concentration of signals includes a first peak associated with the
compound that is offset from a second peak associated with the isotopologue, the offset

corresponding to carbon-13 mass.

6. The method of claim 1, wherein the specified statistical distribution follows a Gaussian

distribution.

7. The method of claim 1, further comprising correcting for drift among the plurality of data

files based on a mass offset associated with the compound and the isotopologue.

8. The method of claim 7, wherein correcting for drift comprises:
generating a mass-shifted m/z signal intensities file by injecting a mass shift to each of
the signals in the merged spectra of m/z signal intensities; and
updating the merged file of m/z signal intensities based on the generated mass-shifted

m/z signal intensities file.

9. The method of claim 8, further comprising identifying an optimal amount of the mass shift

based on the mass offset associated with the compound and the isotopologue.
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10. The method of claim 9, wherein identifying the amount of mass shift comprises:

comparing a peak associated with the compound and a peak associated with the
isotopologue in at least two samples;

identifying pairs of the compound and the isotopologue based on the mass offset,
wherein each of the pairs is associated with an amount of mass shift; and
identifying the optimal amount of mass shift based on correspondence to a greatest

number of pairs.

11. A system for amplification and detection of compound signals, the system comprising:

an interface that receives a plurality of data files that include mass-to-charge (m/z) signal
intensities captured by a mass spectrometer, wherein the m/z signal intensities
correspond to signals associated with mass measurements of compounds in a sample;
and
a processor that executes instructions stored in memory, wherein the processor executes
the instructions to:
combine the plurality of data files into a merged file that includes a merged
spectra of m/z signal intensities;
identify a concentration of signals within the merged spectra of m/z signal
intensitics of the merged file, the concentration of signals identificd as following
a specified statistical distribution; and
determine that the concentration of signals is indicative of a compound when the
concentration of signals corresponds to one or more mass measurements

associated with the compound and an isotopologue of the compound.

12. The system of claim 11, wherein the processor determines that the concentration of signals

within the merged m/z signal intensitics is indicative of the compound by verifying that the

concentration of signals includes a first peak associated with the compound and a second peak

associated with the isotopologue.

CA 03218138 2023-11-6
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13. The system of claim 12, wherein the first peak is offset from the second peak based on a
difference in mass between the compound and the isotopologue, and wherein the processor
verifies the concentration of signals by initially identifying the first peak and subsequently

identifying the second peak based on the offset.

14. The system of claim 11, wherein the processor executes further instructions to identify the
type of the compound based on the mass measurements, wherein the type of the compound is

identified as at least one of a specific metabolite or organic compound.

15. The system of claim 11, whercin the isotopologuc includes a carbon-13 isotope of the
compound, and wherein the concentration of signals includes a first peak associated with the
compound that is offset from a second peak associated with the isotopologue, the offset

corresponding to carbon-13 mass.

16. The system of claim 11, wherein the specified statistical distribution follows a Gaussian

distribution.

17. The system of claim 11, wherein the processor executes further instructions to correcting for
drift among the plurality of data files based on a mass offsct associated with the compound and

the isotopologue.

18. The system of claim 17, wherein the processor corrects for drift by:
generating a mass-shifted m/z signal intensities file by injecting a mass shift to each of
the signals in the merged spectra of m/z signal intensitics; and
updating the merged file of m/z signal intensities based on the generated mass-shifted

m/z signal intcnsities file.

CA 03218138 2023-11-6



WO 2022/236106 PCT/US2022/028150

19. The system of claim 18, wherein the processor executes further instructions to identify an

optimal amount of the mass shift based on the mass offset associated with the compound and

the isotopologue.

20. The system of claim 19, wherein the processor identifies the amount of mass shift by:

comparing a peak associated with the compound and a peak associated with the
isotopologue in at least two samples;

identifying pairs of the compound and the isotopologue based on the mass offset,
wherein each of the pairs is associated with an amount of mass shift; and
identifying the optimal amount of mass shift based on correspondence to a greatest

number of pairs.

21. A non-transitory computer-readable storage medium having embodied thereon instructions

executable by a processor to perform a method for amplification and detection of compound

signals, the method comprising:

CA 03218138 2023-11-6

receiving a plurality of data files that include mass-to-charge (in/z) signal intensities
captured by a mass spectrometer, wherein the m/z signal intensities correspond to
signals associated with mass measurements of compounds in a sample;

combining the plurality of data files into a merged file that includes a merged spectra of
m/z signal intensities;

identifying a concentration of signals within the merged spectra of m/z signal intensities
of the merged file, the concentration of signals identified as following a specified
statistical distribution; and

determining that the concentration of signals is indicative of a compound when the
concentration of signals corresponds to one or more mass measurements associated with

the compound and an isotopologuc of the compound.
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22. The non-transitory computer-readable storage medium of claim 21, wherein determining
that the concentration of signals within the merged m/z signal intensities are indicative of the
compound includes verifying that the concentration of signals includes a first peak associated

with the compound and a second peak associated with the isotopologue.

23. The non-transitory computer-readable storage medium of claim 22, wherein the first peak is
offset from the second peak based on a difference in mass between the compound and the
isotopologue, and wherein verifying the concentration of signals includes initially identifying

the first peak and subsequently identifying the second peak based on the offset.

24. The non-transitory computer-readable storage medium of claim 21, further comprising
instructions executable to identify the type of the compound based on the mass measurements,
wherein the type of the compound is identified as at least one of a specific metabolite or organic

compound.

25. The non-transitory computer-readable storage medium of claim 21, wherein the
isotopologue includes a carbon-13 isotope of the compound, and wherein the concentration of
signals includes a first peak associated with the compound that is offset from a second peak

associated with the isotopologuc, the offsct corresponding to carbon-13 mass.

26. The non-transitory computer-readable storage medium of claim 21, wherein the specified

statistical distribution follows a Gaussian distribution.

27. The non-transitory computer-readable storage medium of claim 21, further comprising
instructions executable to correct for drift among the plurality of data files based on a mass

offsct associated with the compound and the isotopologuc.
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28. The non-transitory computer-readable storage medium of claim 27, wherein correcting for
drift comprises:
generating a mass-shifted m/z signal intensities file by injecting a mass shift to each of
the signals in the merged spectra of m/z signal intensities;
updating the merged file of m/z signal intensities based on the generated mass-shifted

m/z sighal intensities file.

29. The non-transitory computer-readable storage medium of claim 28, further comprising
instructions executable to identify an optimal amount of the mass shift based on the mass offset

associated with the compound and the isotopologuc.

30. The non-transitory computer-readable storage medium of claim 29, wherein identifying the
amount of mass shift comprises:
comparing a peak associated with the compound and a peak associated with the
isotopologue in at least two samples;
identifying pairs of the compound and the isotopologue based on the mass offset,
wherein each of the pairs is associated with an amount of mass shift; and
identifying the optimal amount of mass shift based on correspondence to a greatest

numbecr of pairs.

28

CA 03218138 2023-11-6



PCT/US2022/028150

WO 2022/236106

1/18

V1 ‘Sid

Z/n

HIUS SSeyy 9EE00'L

uejssnen) M,
upeh ssew 9¢L andojodoyos|

josseli o} _ 3ﬂmmmﬁ_

v

psuony  JOSEJE(] [[BUIS

SUBSTITUTE SHEET (RULE 26)

CA 03218138 2023-11-6



PCT/US2022/028150

WO 2022/236106

2/18

€T 'Sl

2/

Hiys seey 9820071

UBIBSNEL)
wieh ssew g

ango[otioios) Aysusyul

yBISSNEY

195e1e(] POZIS 9)RIPaIDIU|

SUBSTITUTE SHEET (RULE 26)

CA 03218138 2023-11-6



PCT/US2022/028150

WO 2022/236106

3/18

J1 'Old

2/

ueISSnED)
ueb ssew Hgl

angojodojosy

ugIssNes

1asejep 9die

Aususiy

SUBSTITUTE SHEET (RULE 26)

CA 03218138 2023-11-6



WO 2022/236106

line Signal One Sample At Random

PCT/US2022/028150
4/18

i

[

9

bl

—
=
S
G oo g
ki 3 ™~
o ﬁ o
b R e SN
s .
Ll ]
! 3%
—é S\ = g g
T \\\\\\ \ ""% ey
o & .
§ g%
F S

« %"

. s, 58" oo am w
%*‘ ) * Ay
» " ™
' o N
» » - D -~
S, JIE-B
* Sy
: $
et > M & *
%:‘5 = \\\\\\\\% Ty
i » o
2
L
o
% s e
FAEE LN LR L REHE RS AN GO+

CA 03218138 2023-11-6

Asuaiuy

SUBSTITUTE SHEET (RULE 26)

FIG. 2A



PCT/US2022/028150

WO 2022/236106

5/18

aZ 'Old

(ssews anBojodojosi suyinlo =
29071 £21) oduies su0 sigy U 8RE610H6I68
suljniyy 104 jeudss jenuaiod yeom

GLOV L DR 2L AR et A RR BEOL AL
*
% *
\\\&&\ ¥ *
\\\.\\
% .
W, ; #
&@\\\«i . *
b, »
v
™
% 2
*.
*
» .
.
ﬂ“
4 » . ..
*
#
ﬂ »

wiopuey e gydweg sup jeubig anbojodojos; suliniin

=
L

BB

SO0

Ausuesu

SUBSTITUTE SHEET (RULE 26)

CA 03218138 2023-11-6



PCT/US2022/028150

WO 2022/236106

6/18

J¢ 'Ol
{re0T°941T) @pow anpsod 7/

m@mwv@&a mﬂmw@mw
i p
: .o

GEOLBLL

wopuey 1y sojdweg g [eubig sulniud

10e8E

L0vep

Asusauy

SUBSTITUTE SHEET (RULE 26)

CA 03218138 2023-11-6



CA 03218138 2023-11-6

WO 2022/236106

| 5 Samples At Random

igna

Isotopologue Bi

ne

%

7/18

ez

LEE RS (EEEHE &

i
SROHOKE
DRO0GGE

Ajlsuajug

SUBSTITUTE SHEET (RULE 26)

FET TS

el

PCT/US2022/028150

True mass of Citrulline Isotopologue in

positive mode {177.1067)

FIG. 2D



WO 2022/236106

8/18

Citrulline Signal 44 Sampies at Random

CA 03218138 2023-11-6

I
X

Ajsuauy

SUBSTITUTE SHEET (RULE 26)

PCT/US2022/028150

s

h
&

f

1764

ne in

trulh

178 A0

positive mode {176.1034)

True mass of C

M/Z

178,10

#

1H. 1025

+8G JGeBF 0e9F LT (e (0N

FIG. 2E



WO 2022/236106 PCT/US2022/028150
9/18

e L

Random

* True mass of Citrulline lsctopologue in
positive mode {177.1067)

W
ey
¥
fova
P
agx

Citru

: : N s ._‘
H H b 3

et BleBg BUERE DOwHL Ol

Ajsusyuy

CA 03218138 2023-11-6 SUBSTITUTE SHEET (RULE 26)

FIG. 2F



CA 03218138 2023-11-6

WO 2022/236106

10/18

Main Signal {(M0)

Isotopologue
(M1)

Isopair

5 ppm error

PCT/US2022/028150

Mass
FIG. 3A

SUBSTITUTE SHEET (RULE 26)



PCT/US2022/028150

WO 2022/236106

11/18

4

anfiojodojos)

snedos;

£

g€ 'Ol

1 anfiojodojos

gEenyL &8

1

sipdosy

4

10510 widd ¢
7l

feubis wxmma

SUBSTITUTE SHEET (RULE 26)

CA 03218138 2023-11-6



PCT/US2022/028150

WO 2022/236106

12/18

Vv "Did

Z/IN

\\\N\\\\\\ e Q\\\

g E%w + QEE00 L

é

S
-
Ay
i)
prnodiey b
v
-
1) yead M
anBootoIoy S DUt (DR 1904 SHOURIAW € L0 IVSHE M SOLMBY SIGIIBS SSOMR D SSRIN
, ssep
el LR T L 9RE00'T
FIAE 0L INN
i - Aysuai
wdd 2 —
oM Y o
s K5 S
e m
wddz 3
e,

7% T yneg punoduio

( @uljeseq se T yalegq) YuQ uoneuq

€D

SUBSTITUTE SHEET (RULE 26)

CA 03218138 2023-11-6



PCT/US2022/028150

WO 2022/236106

13/18

av "Did

 wmummewm

G, % SR Y
M %u@m ewﬁwﬁwm AR GRS

150U = YIys ssew WNEEQ WHLAO  punoduoyd

Z/N
ey e 4 g

.

sijedos; ¢

pulj 03 7 yoreq wosj {1ys
$SBUl mmm@&& + mmm%.ww

) Wb g

SUBIU

iy sl pl vadaos wel el g w
L SR PR O B

:&1

sty

....... N\§
wmg*ﬁmmﬁ s

.

st i ot vt
BB S RO, SR A P

T Yoteq 3G 01 O 135 »

.&@gs& B3

CA &m oy

SUBSTITUTE SHEET (RULE 26)

CA 03218138 2023-11-6



PCT/US2022/028150

WO 2022/236106

14/18

v "Old

sJedos| Jo Jacuny

Ag 33up ana3 suLIRIaQ

HiWS fdd
¥

ssedosy

Y

{Rdd W}
Bis ssep e Bumoy|og asusisiey & pue
ydweg 2 HIamMag SHEOS JD JSQUINY

L

_
iy,

g
ay,

s
§

28,

@ & (2
s 4

wdd 1+ 95800t

ssepy

28

o)
5k

| R

y—
=

*

Aludd 0 + 9£200'L

fusuop)

Aysusyuy

Aysuayul

siiedos| 198
‘SOSSBW ||B WOJ) 158445

K

+9E€00°T 0244NS

A

A

ssiedost 198
‘SASSEU |8 WO} 145
+9££00'7 10841GNS

siedost
198 ‘sassew jje woly

9EE0D T 1RGNS

SUBSTITUTE SHEET (RULE 26)

CA 03218138 2023-11-6



WO 2022/236106

CA 03218138 2023-11-6

hes 1 &2

o
‘r(

Compound Bat

15/18

Ajisuaiiy

SUBSTITUTE SHEET (RULE 26)

PCT/US2022/028150

M/Z
FIG. 4D



CA 03218138 2023-11-6

WO 2022/236106

Mass-Intensity Signals Citrulline After isoLock

i
)
o
(3=
o

i

&

16/18
T b v e
b =4 > o A 3 W 3 # o 3 s w

Alisuajuj

foe) hat g [ o
[ S 2 T -~ L R s B -
= B3 B & BN = ey o 3 ) o e o

SN

Mass-Intensity Signals Citrulline Before isoLock

R

i
o

R

] -

A:ﬂsua:;m

semmaE

o S “\\“\“\\Q\\v_\?\\\\\\\k\?‘\h\\_
e

.

e
s i \\\\\\“\\'\\&\\\ :

PCT/US2022/028150

Adjusted Mass

S

Unadjusted Mass

o
.

e
R
S

=
=
i

O

2
O3

&
=

SUBSTITUTE SHEET (RULE 26)

FIG. 4E



WO 2022/236106 PCT/US2022/028150
17/18

=\

Receive a plurality of mass-intensity files

202

Y.
Combine files into a single merged mass-intensity file

504

l

Identify peaks of signals that follow specified distribution
206

Y.
Identify one peak as metabolite and other peak as isotopologue
corresponding to mass offset
208

l

Identifying optimal amount of mass shift
310

l

Using mass shift to correct for drift
512

FIG. 5

CA 03218138 2023-11-6 SUBSTITUTE SHEET (RULE 26)



PCT/US2022/028150

WO 2022/236106

18/18

9 '9id

0T9 er9
10SS3201d {8 BYIBD 9Jeolu|
uone3IIIUNWWO
509 ; 11831 9
N
UOI}IDUUO)
& & & 3 ;W mu_>wo
v ) ) ; indinp ]
€ 20135 NVY NOY Aowspy
= 3JIA=(
¢ 9SS 5z9 079 S19 ndu
€9
T 92INI3S .
7€9 =~ 009
1 921A3Q
0g9-~ | 93eJ01S

-~ 0P9

-~ 929

- Sp9

SUBSTITUTE SHEET (RULE 26)

CA 03218138 2023-11-6



o

\.‘

Receive a plurality of mass-intensity files

0

N

l

Combine files into a single merged mass-intensity file

"

20

1

Identify peaks of signals that follow specified distribution
206

Y

Identify one peak as metabolite and other peak as isotopologue
corresponding to mass offset
208

l

Identifying optimal amount of mass shift
310

l

Using mass shift to correct for drift
212

FIG. 5




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - CLAIMS
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - CLAIMS
	Page 29 - CLAIMS
	Page 30 - CLAIMS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - REPRESENTATIVE_DRAWING

