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(57) Abrege/Abstract:
Systems and methods are provided for calculating the area of a peak profile using information from one or more correlated peak

profiles. One or more compounds are separated from a mixture over time using a separation device. Traces of the one or more
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(57) Abrege(suite)/Abstract(continued):

compounds are monitored during the separation using a tandem mass spectrometer. A plurality of intensity measurements are
recelved using a processor. A first peak profile for a compound of interest Is detected from the plurality of intensity measurements
for a first trace and one or more correlated peak profiles for the compound of interest are detected from the plurality of intensity

measurements for one or more other traces using the processor. An area of the first peak profile Is calculated based on the one or
more correlated peak profiles using the processor.
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(57) Abstract: Systems and methods are provided for calculating the area of a peak profile using information from one or more cor -
related peak protiles. One or more compounds are separated from a mixture over time using a separation device. Traces of the one or
more compounds are monitored during the separation using a tandem mass spectrometer. A plurality of intensity measurements are
received using a processor. A first peak profile for a compound of mterest 1s detected from the plurality of mtensity measurements
for a first trace and one or more correlated peak profiles for the compound of interest are detected from the plurality of intensity
measurements for one or more other traces using the processor. An area of the first peak profile 1s calculated based on the one or
more correlated peak profiles using the processor.
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MULTI-TRACE QUANTITATION

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Patent Application
Serial No. 61/985,335, filed April 28, 2014, the content of which is incorporated by

reference herein in its entirety.

INTRODUCTION

[0002] An extracted 1on chromatogram (XIC) is created by taking intensity values
at a single, discrete mass value or a mass range, from a series of mass spectral scans. It
indicates the behavior of a given mass or mass range és a function of time. XIC peak
profile heights or peak profile areas can be used, for example, to quantify a compound of
interest.

[0003] Often, however, when multiple fragments (or related XICs) are monitored,
two or more fragments have practically identical XICs, referred to as correlated XIC

peak profiles. Conventionally, users manually overlay such correlated XIC peak profiles _

to spot bad integrations. Essentially, users compare the area ratio of related peaks.
However, some automatic peak detection and integration programs do not use this
information. Each XIC is processed independently from one another, neglecting this

important information.

SUMMARY

[0004] A system is disclosed for calculating the area of a peak profile using
information from one or more correlated peak profiles. The system includes a separation
device, a tandem mass spectrometer, and a processor. The separation device separates
one or more compounds from a mixture over time. The tandem mass spectrometer
monitors traces of the one or more compounds during the separation, producing a

plurality of intensity measurements for the one or more compounds over time.

CONFIRMATION COPY
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[‘0005] The processor receives the plurality of intensity measurements, and detects
a first peak profile for a compound of interest from the plurality of intensity
measurements for a first trace and detects one or more correlated peak profiles for the
compound of interest from the plurality of intensity measurements for one or more other
traces. The processor calculates an area of the first peak profile based on the one or
more correlated peak profiles.
(0006] A method 1s disclosed for calculating the area of a peak profile using

- information from one or more correlated peak profiles. One or more compounds are
separéted from a mixture over time using a separation device. Traces of the one or more
compounds are monitored during the separation using a tandem mass spectrometer,
producing a plurality of intensity measurements for the one or more compounds over
time. The plurality of intensity measurements are received using a processor. A first
peak profile for a compound of interest is detected from the plurality of intensity
measurements for a first trace using the processor. One or more correlated peak profiles
for the compound of interest are detected from the plurality of intensity measurements
for one or more other traces using the processor. An area of the first peak profile is
calculated based on the one or more correlated peak profiles using the processor.
[0007] A computer program product is disclosed that includes a non-transitory
and tangible computer-readable storage medium whose contents include a program with
instructions being executed on a processor so as to perform a method for calculating the
area of a peak profile using information from one or more correlated peak profiles. The
method includes providing a system, wherein the system comprises one or more distinct
software modules, and wherein the distinct software modules comprise a measurement

module and an analysis module.
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[0008] The measurement module receives a plurality of intensity measurements.
One or more compounds are separated from a mixture over time using a separation
device. Traces of the one or more compounds are monitored during the separation using
a tandem mass spectrometer, producing the plurality of intensity measurements for the
one or more compounds over time. The analysis module detects a first peak profile for a
compound of interest from the plurality of intensity measurements for a first trace. The
analysis module detects one or more correlated peak profiles for the compound of
interest from the plurality of intensity measurements for one or more other traces. The
analysis module calculates an area of the first peak profile based on the one or more
correlated peak profiles.

[0009] These and other features of the applicant’s teachings are set forth herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The skilled artisan will understand that the drawings, described below, are
for illustration purposes only. The drawings are not intended to limit the scope of the

—

present teachings in any way.

[0011] Figure 1 is a block diagram that illustrates a computer system, upon which
embodiments of the present teachings may be implemented.

[0012] Figure 2 is an exemplary plot of ion intensity values measured by a tandem
mass spectrometer for one transition as a compound of interest is separated from a
miXture over time.

[0013] Figure 3 is an exemplary plot showing the peak area of a first extracted ion
chromatogram (XIC) peak determined from ion intensity values measured by a tandem
mass spectrometer for one transition as a compound of interest 1s separated from a

mixture over time.
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(0014] Figure 4 1s an exemplary plot showing a second XIC peak profile of

another transition of a compound of interest overlaid a first XIC peak profile determined

from 10n intensity values measured by a tandem mass spectrometer for one transition as

the compound of interest is separated from a mixture over time.

[00135] Figure 5 i1s an exemplary plot showing a first XIC peak profile determined
- from ion intensity values measured by a tandem mass spectrometer for one transition as

the compound of interest is separated from a mixture over time and integrated together

with a second correlated XIC peak profile determined from another transition of the

compound of interest, in accordance with various embodiments.

[0016] Figuré 6 1s an exemplary plot showing a reconstruction of an XIC peak

profile by two components for a first transition from a first mixture using non-negative

matrix factorization (NNMF), in accordance with various embodiments.

[0017] Figure 7 is an exemplary plot showing a reconstruction of an XIC peak

profile by three components for a first transition from a first mixture using NNMF, in

accordance with various embodiments.

[0018] Figure 8 1s an exemplary plot showing a reconstruction of an XIC peak

profile by two components for a second transi‘tion from a second mixture using NNMF,

in accordance with various embodiments.

[0019] Figure 9 is an exemplary plot showing a reconstruction of an XIC peak

profile by three éomponents for a second transition from a second mixture using NNMF,

in accordance with various embodiments.

[0020] Figure 10 is a schematic diagram showing a system for calculating the area

of a peak profile using information from one or more correlated peak profiles, in

accordance with various embodiments.
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[0021] Figure 11 1s a flowchart showing a method for calculating the area of a
peak profile using information from one or more correlated peak profiles, in accbrdancé
with various embodiments.

[0022] . Figure 12 is a schematic diagram of a system that includes one’ Or more
distinct software modules that performs a method for calculating the area of a peak
profile using information from one or more correlated peak profiles, in accordance with
\}arious embodiments.

[0023] Before one or more embodiments of the present teachings are described in
detail, one skilled in the art will appreciate that the present teachings are not limited in
their application to the details of const}uction, the arrangements of components, and the
arrangement of steps set forth in the following detailed description or illustrated in the
drawings. Also, it is to be understood that the phraseology and terminology used herein
is for the purpose of description and should not be regarded as limiting.

DESCRIPTION OF VARIOUS EMBODIMENTS

COMPUTER-IMPLEMENTED SYSTEM

[0024] Figure 1 is a block diagram that illustrates a computer system 100, .upon
which embodiments of the presént teachings may be implemented. Computer system
100 includes a bus 102 or other communication mechanism for communicating
information, and a processor 104 coupled with bus 102 for processing information.
Computer system 100 also includes a memory 106, which can be a random access
memory (RAM) or other dynamic storage device, coupled to bus 102 for storing
iﬁstructions to be executed by processor 104. Memory 106 also may be used for storing
temporary variables or other intermediate information during execution of instructions to
be executed by processor 104. Computer system 100 further includes a read only

memory (ROM) 108 or other static storage device coupled to bus 102 for storing static
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information and instructions for processor 104. A storage device 110, such as a
magnetic disk or optical disk, is provided and coupled to bus 102 for storing information
and Instructions.

[0025] Computer system 100 may be coupled via bus 102 to a display 112, such
as a cathode ray tube (CRT) or liquid crystal display (LCD), for displaying information
to a computer user. An input device 114, including alphanumeric and other keys, is
coupled to bus 102 for communicating information and command selections to processor
104. Another type of user input device is cursor control 1.16, such as a mouse, a
trackball or cursor direction keys for communicating direction information and command
selections to processor 104 and for controlling cursor movement on display 112. This
input device typically has two degrees of freedom in two axes, a first axis (i.e., x) and a
second axis (i.e., y), that allows the device to specify positions in a plane.

[0026] A computer system 100 can perform the present teachings. Consistent
with certain implementations of the present teachings, results are provic{ed by computer
system 100 in response to processor 104 executing one or more sequences of one or
more instructions contained in memory 106. Such instructions may be read into memory
106 from another computer-readable medium, such as storage device 110. Execution of
the sequences of instructions contained in memory 106 causes processor 104 to perform
the process described herein. Alternatively hard-wired circuitry may be used in place of
or in combination with software instructions to implement the present teachings. Thus
implementations of the présent teachings are not limited to any specific combination of
hardware circuitry and software.

[0027] ~ The term “computer-readable medium™ as used herein refers to any media
that participates in providing instructions to processor 104 for execution. Such a

medium may take many forms, including but not limited to, non-volatile media, volatile
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media, and transmission media. Non-volatile media includes, for example, optical or
‘magnetic disks, such as storage device 110. Volatile media includes dynamic memory,
such as memory 106. Transmission media includes coaxial cables, copper wire, and
fiber optics, including the wires that comprise bus 102.

[0028] Common forms of computer-readable media include, for example, a
floppy disk, a flexible disk, hard disk, magnetic tape, or any other magnetic medium, a
CD-ROM, digital video disc (DVD), a Blu-ray Disc, any other optical medium, a thumb
drive, a memory card, a RAM, PROM, and EPROM, a FLASH-EPROM, any other
memory chip or cartridge, or any other tangible medium from which a computer can
read.

[0029] Various forms of computer readable media may be involved in carrying
one or more sequences of one or more instructions to processor 104 for execution. For
example, the instructions may initially be carried on the magnetic disk of a remote
computer. The remote computer can load the instructions into its dynamic memory and
send the instructions over a telephone line using a modem. A modem local to computer
system 100 can receive the data on the telephone line and use an infra-red transmitter to
convert the data to an infra-red signal. An infra-red detector coupled to bus 102 can
receive the d.ata carried in the infra-red signal and place the data on bus 102. Bus 102
carries the data to memory 106, from which processor 104 retrieves and executes the
instructions. The instructions received by memory 106 may optionally be stored on
storage device 110 either before or after execution by processor 104..

[0030] In accordance with various embodiments, instructions configured to be
executed by a processor to perform a method are stored on a computer-readable medium.
The computer-readable medium can be a device that stores digital information. For

example, a computer-readable medium includes a compact disc read-only memory (CD-
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ROM) as is known in the art for storing software. The computer-readable medium is
accessed by a processor suitable for executing instructions configured to be executed.
(0031] The following descriptions of various implementations of the present
teachings have been presented for purposes of illustration and description. It is not
exhaustive and does not limit the present teachings to the precise form disclosed.
Modifications and variations are possible in light of the above teachings or may be
acquired from practicing of the present teachings. Additionally, the described
implementation includes software but the present teachings may be implemented as a
combination of hardware and software or in hardware alone. The present teachings may
be implemented with both .object-oriented and non-object-oriented programming
systems.
Multi-trace Quantitation

- [0032] As described above, extracted ion chromatograms (XICs) are plots of the
intensity of specific mass values as a function of time. XICs are used for quantitation.
Often, however, two or more masses have practically identical XICs, called correlated

- XIC peak profiles. Conventionally, users manually overlay such correlated XIC peak
profiles to spot bad integrations. Essentially, users compare the area ratio of related
peaks. An XIC peak profile, for example, can be made from one or more LC peaks
[0033] Figure 2 is an exemplary plot 200 of ion intensity values 210 measured by
a tandem mass spectrometer for one transition as a compound of interest is separated
from a mixture over time. Using a peak detection algorithm, for example, an initial
position of at least one XIC peak profile can be determined from ion intensity values
210. Using this initial position and a peak model-for the compound of interest, an initial

shape of the XIC peak profile is determined. The shape can include the width and
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intensity, for example. From the XIC peak proﬁle shape, the XIC peak profile area is
determined by integrating over the peak shape.

[0034] Figure 3 i1s an exemplary plot 300 showing peak area 330 of XIC peak
profile 320 determined from ion intensity values 210 measured by a tandem mass
spectrometer for one transition as a compound of interest is separated from a mixture
over time. The position of XIC peak profile 320 is determined from ion intensity values
210. Using this position and a peak model for the compound of interest, the shape of
XIC peak profile 320 is determined. Peak area 330 is determined by integrating over the
shape of XIC peak profile 320. Peak area 330 is calculated independently of any other
peaks. Conventionally, one or more correlated XIC peak profiles are overlaid on top of
XIC peak profile 320 in order to manually adjust peak area 330 and the shape of XIC
peak protile 320.

[0035] Figure 4 is an exemplary plot 400 showing XIC peak profile 440 of
another transition of a compound of interest overlaid on XIC peak profile 320
determined from ion intensity values 210 measured by a tandem mass spectrometer for
one transition as the compound of interest 1s separated from a mixture over time. The
position of XIC peak profile 440 is determined from a plurality of intensity values (not
shown). Using this position and a peak model for the compound of interest, the shape of
XIC peak profile 440 is determined. Peak area 450 is determined by integrating over the
shape of XIC peak profile 440. Peak area 450 is calculated independently of any other
peaks. XIC peak profile 440 is graphically placed in plot 400 so that its sampling times
match those of plot 400, for example.

[0036] Manually comparing XIC peak prdﬁle 440 and XIC peak proﬁle 320
shows that there is some error in the calculations of XIC peak profile 440 and/or XIC

peak profile 320. For example, in area 460 XIC peak profile 320 has a higher intensify
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than XIC peak profile 440. This 1s not possible, because XIC peak profile 440 and XIC
peak profile 320 come from the same compound of interest and XIC peak profile 440 is
the more abundant ion. The moré abundant 1on cannot have a lower intensity at any
point than the less abundant ion. Conventionally, the parameters of the XIC peak profile
440 and XIC peak profile 320 are adjusted until XIC peak profile 440 and XIC peak
profile 320 have the correct physical meaning. Although current peak detection
programs allow XIC peak profiles to be manually compared with correlated XIC peak
profiles and manually corrected based on these correlated XIC peak profiles, these
programs do not allow the area of an XIC peak profile to be calculated automatically
based on one or more correlated XIC peak profiles.

(0037] In various embodiments, system and methods are provided to
automatically calculate the area of an XIC peak profile based on one or more correlated
XIC peak profiles. Esséntially, the area of an XIC peak profile is integrated based on
one or correlated XIC peak profiles.

[0038] Figure 5 is an exemplary plot 500 showing XIC peak profile 520
determined from ion intensity values 210 measured by a tandem mass spectrometer for
one transition as the compound of interest 1s separated from a mixture over time and
integrated together with correlated XIC peak profile 540 determined from another
transition of the compound of interest, in accordance with various embodiments. In
various embodiments, the initial position of XIC peak profile 520 is determined from ion
intensity values 210 using a peak detection program. Similarly, the initial position of
XIC peak profile 540 is determined from a plurality of ions intensity values (not shown).
[0039] An analytical model 1s used to find the initial shapes of XIC peak profile
520 and XIC peak profile 540. Parameters that define the shapes of XIC peak profile

520 and XIC peak profile 540 are then iteratively changed until the shape of XIC peak

10
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profile 520 i1s optimized in comparison to the shape of XIC peak profile 540. Peak area
530 of XIC peak profile 520 is integrated from the final optimized shape of XIC peak
profile 520, and peak area 550 of XIC peak profile 540 is integrated from the final
optimized shape of XIC peak profile 540. In this way, the areas of XIC peak profile 520
and XIC peak profile 540 are integrated together. Peak area 530 and 550 are then used
for quantitation, for example. Although Figure 5 shows .only two correlated XIC peak
profiles, one skilled in the art can appreciate that the areas of three or more correlated
XIC can be integrated together in the same fashion.

[0040] The shape of XIC peak profile 520 can be optimized in comparison to the
shape of XIC peak profile 540 in many different ways. In various embodiments, the
begin and end times of correlated XIC peak profiles are constrained.

[0041]] In various embodiments, the optimization criterion is a sum of errors for

all correlated traces. For example, sum of errors, F, is calculated as shown below.

1 Ntransisions Fj
F = > Z IntensityT; — Z Vp (positionp}., width, intensityp).)
1 1
- [0042] yp 18 equivalent to intensity. It is, for example, a fitted intensity with one
value for each time point ;.
[0043] Sum of errors, F, 1s minimized as shown below.
oF — 0
dParameterVector
[0044] The parameter vector, ParameterVector, consists of positions, intensities,

and widths for all peak candidates. In order to simplify the optimization problem, the
width can be assumed to be the same for all peak candidates, for example. One peak

candidate in each trace or transition, j, is common for all traces or transitions. This

11
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constraint controls the position of the common peak of interest and ensures that the
common peak has the same LC profile across all transitions.

[00435] In various embodiments, the initial positions and shapes of XIC peak
profile 520 and XIC peak profile 540 are determined using a blind deconvolution
algorithm with a peak shape constraint. Given multiple mixtures of the same source
compounds, where each mixture can contain different amounts of each of the source
compounds, a blind deconvolution algorithm can extract underlying source compounds
and the amounts that created those mixtures. The number of source compounds may not
be known and the amount of each source compound in each corresponding mixture may
not be known. Also, the shape of the XIC peak profile of the source compound is
generally unknown but some constrains oﬁ the shape can be implied.

[0046] The blind deconvolution algorithm can include non-negative matrix
factorization (NNMF), for example. NNMF guarantees a non-negative solution. A non-
negative solution fits the non-negative nature of mass spectrometry data. Using NNMF,
a number of iterations are performed with the number of source compounds or peak
components changed from 1 to n. The solution that provides best fit (smallest sum of
squared errors) is accepted, for example.

[0047] Figure 6 i1s an exémp]ary plot 600 showing a reconstruction of an XIC
peak profile 650 by two components for a first transition from a first mixture using
NNMEF, in accordance with various embodiments. Two XIC peak profile components
620 and 630 are found for intensity values 610 using NNMF. Together XIC peak profile
components 620 and 630 form reconstructed XIC peak profile 650.

[0048] Figure 7 is an exemplary plot 700 showing a reconstruction of an XIC
peak profile 750 by three components for a first transition from a first mixture using

NNMEF, in accordance with various embodiments. Three XIC peak profile components

12



CA 02947239 2016-10-277

WO 2015/166322 PCT/IB2015/000477

720, 730, and 740 are found for intensity values 610 using NNMEF. Together XIC peak
profile components 720, 730, and 740 form reconstructed XIC peak profile 650.

[0049] Figure 8 1s an exemplary plot 800 showing a reconstruction of an XIC
peak profile 850 by two components for a second transition from a second mixture using
NNMF, in accordance with various embodiments. Two XIC peak profile components
820 and 830 are found for intensity values 810 using NNMF. Together XIC peak profile
components 820 and 830 form reconstructed XIC peak profile 850.

[0050] Figure 9 1s an exemplary plot 900 showing a reconstruction of an XIC
peak profile 950 by three components for a second transition from a second mixture
using NNMF, in accordance with various embodiments. Three XIC peak profile
components 920, 930, and 940 are found for intensity values 810 using NNMF.
Together XIC peak profile components 920, 930, and 940 form reconstructed XIC peak
profile 650.

[0051] By comparing the XIC peak profile components in Figure 6 with Figure 8,
'the NNMEF algorithm can determine, for example, that XIC peak profile component 820
of Figure 8 is significant in the second mixture, but the similar XIC peak profile
component 620 of Figure 6 is not significant in the first mixture. This suggests that the
second transition in the second mixture experiences interference from another source
compound. Comparing the XIC peak profile components in Figure 7 with Figure 9
produces the same result.

[0052] By comparing the XIC peak profile components in Figure 6 with Figure 7,
the NNMF algorithm can determine that ion intensity values 610 are more likely the
result of a single source compound than the result of two different source compounds.

First of all, because of the comparison of Figure 6 with Figure 8 it is known that XIC

13
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peak profile component 620 is not significant. Similarly, it can be shown that XIC peak
profile component 720 is not significant by comparing Figure 7 with Figure 9.

[0053] Therefore, it only needs to be determined if the one XIC peak profile
component 630 of Figure 6 provides a better reconstruction of ion intensity values 610 or
if the two XIC peak profile components 730 and 740 of Figure 7 provide a better
reconstruction of ion intensity values 610. In other words, the fit of reconstructed XIC
peak profile 650 in Figure 6 to ion intensity values 610 is compared to the fit of
reconstructed XIC peak profile 750 in Figure 7 to ion intensity values 610. This
comparison shows that single XIC peak profile component 630 of Figure 6 provides a
better reconstruction of ion intensity values 610 than the two XIC peak profile
components 730 and 740 of Figure 7.

[0054] In various embodiments, the blind deconvolution algorithm can be
constrained by the shape of correlated XIC peak profiles. For example, XIC peak profile
component 630 of Figure 6 can be calculated by the NNMF algorithm by based on one
or more correlated components (not shown) of the first mixture.

[0055] Although Figures 2-9 describe XIC peak profiles and ion intensity
measurements, various embodiments are not limited to specific types of peak profiles, or
intensity measurements. In addition, Figures 2-9 describe transitions of one or more
compounds. In various embodiments, transitions of one or more compounds are not
limited to transitions that only produce one or more fragments, but can include any trace

or time profile of the one or more compounds.

System for calculating the area of a peak profile

[0056] Figure 10 is a schematic diagram showing a system 1000 for calculating
the area of a peak profile using information from one or more correlated peak profiles, in

accordance with various embodiments. System 1000 includes separation device 1010,

14
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tandem mass spectrometer 1020, and processor 1030. Separation device 1010 can
perform a separation technique that includes, but is not limited to, liquid
chromatography, gas chromatography, capillary electrophoresis, or ion mobility.
Separation device 1010 separates one or more compounds from a mixture over time.
[0057] A mass analyzer of tandem mass spectrometer 1020 can include, but is not
limited to, a time-of-flight (TOF), quadrupole, an 10n trap, a linear ioﬁ trap, an orbitrap,
or a Fourier transform mass analyzer. Tandem mass spectrometer 1020 monitors traces
of the one or more compounds during the separation, producing a plurality of intensity
measurements for the one or more compounds over time.

[0058] Processor 1030 can be, but is not limited to, a computer, microprocessor,
or any device capable of sending and receiving control signals and data from tandem
mass spectrometer 1020 and processing data. Processor 1030 can be; for example,
computer system 100 of Figurel. In various embodiments, processor 1030 is in
communication with tandem mass spectrometer 1020 and separation device 1010.
[0059] Processor 1030 receives the plurality of intensity measurements.
Processor 1030 detects a first peak profile for a compound of interest from the plurality
of intensity measurements for a first trace. Processor 1030 detects one or more
correlated peak profiles for the compound of interest from the plurality of intensity
measurements for one or more other traces. Processor 1030 calculates an area of the first
peak profile based on the one or more correlated peak profiles.

(0060} In various embodiments, trace comprises a fragmentation of a precursor
ion to a product ion. Alternatively, in various embodiments, a trace comprises a
separation of a label from an internal standard of the compound of interest.

[006]] In various embodiments, processor 1030 detects a first peak profile and

detects one or more correlated peak profiles by selecting an initial position for the first
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peak profile and selecting an initial pbsition for each of the one or more correlated peak
profiles.

[0062] In various embodiments, processor 1030 calculates an area of the first peak
profile based on the one or more correlated peak profiles by performing the following
steps. Processor 1030 selects an initial width and an initial intensity for the first peak
profile based on a peak model for the compound of interest. Processor 1030 selects an
initial width and an initial intensity for each of the one or more correlated peak profiles
based on the peak model. Processor 1030 iteratively changes values for position, width,
and intensity for the first peak profile and each of the one or more correlated peak
profiles until a mathematical optimization criterion is met. Finally, processor 1030
calculates the area of the first peak profile from the last position, width, and intensity of
the first peak profile using the peak model.

[0063] In various embodiments, the mathematical optimization criterion
comprises constraining the positions of the first peak profile and each of the one or more
correlated peak profiles so that no more abundant peak has a lower intensity than any

less abundant peak.

[0064] In various embodiments, processor 1030 detects a first peak profile and
detects one or more correlated peak profiles by performing a blind deconvolution
method. The blind deconvolution method includes, for example, non negative matrix
factorization (NNMF).

[0065] In various embodiments, processor 1030 calculates an area of the first peak
profile based on the one or more correlated peak profiles by constraining the

deconvolution method based a shape of the compound of interest.
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Method for calculating the area of a peak profile

[0066] Figure 11 is a flowchart showing a method 1100 for calculating the area of
a peak profile using information from one or more correlated peak profiles, in
accordance with various embodiments.

[0067] In step 1110 of method 1100, one or more compounds are separated from a
mixture over time using a separation device.

[0068] In step 1120, traces of the one or more compounds are monitored during
the separation using a tandem mass spectrometer, producing a plurality of intensity

measurements for the one or more compounds over time.

(0069} In step 1130, the plurality of intensity measurements are received using a
pProcessor.
[0070] In step 1140, a first peak profile for a compound of interest is detected

from the plurality of intensity measurements for a first trace and one or more correlated
peak profiles for the compound of interest are detected from the plurality of intensity
measurements for one or more other traces using the processor.

[0071] In step 1150, an area of the first peak profile i1s calculated based on the one

or more correlated peak profiles using the processor.

Computer Program Product for calculating the area of a peak profile

[0072] In various embodiments, computer program products include a tangible
computer-readable storage medium whose contents include a program with instructions
being executed on a processor so as to perform a method for calculating the area of a
peak profile using information from one or more correlated peak profiles. This method
is performed by a system that includes one or more distinct software modules.

[0073] Figure 12 is a schematic diagram of a system 1200 that includes one or

more distinct software modules that performs a method for calculating the area of a peak
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profile using intormation from one or more correlated peak profiles, in accordance with
various embodiments. System 1200 includes measurement module 1210 and analysis
module 1220.

[0074] Measurement module 1210 recetves a plurality of‘ intensity measurements.
One or more compounds are separated from a mixture over time using a separation
devic;e. Traces of the one or more compounds are monitored during the separation using
a tandem mass spectrometer, producing the plurality of intensity measurements for the
Oone or more compounds' over time.

[0075] Analysis module 1220 detects a first peak profile for a compound of
interest from the plurality of intensity measurements for a first trace. Analysis module
1220 detects one or more correlated peak profiles for the compound of interest from the
plurality of intensity measurements for one or more other traces. Analysis module 1220
calculates an area of the first peak profile based on the one or more correlated peak
profiles.

[0076] While the present teachings are described in conjunction with various
embodiments, it is not intended that the present teachings be limited to such
embodiments. On the contrary, the present teachings encompass various alternatives,
modiﬁcations, and equivalents, as will be appreciated by those of skill in the art.

[0077] Further, in describing various embodiments, the specification may have
presented a method and/or process as a particular sequence of steps. However, to the
extent that the method or process does not rely on the particular order of steps set forth
herein, the method or process should not be limited to the particular sequence of steps
described. As one of ordinary skill in the art would appreciate, other sequences of steps
may be possible. Therefore, the particular order of the steps set forth in the specification

should not be construed as limitations on the claims. In addition, the claims directed to
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the method and/or process should not be limited to the performance of their steps in the
order written, and one skilled in the art can readily appreciate that the sequences may be

varied and still remain within the spirit and scope of the various embodiments.
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WHAT IS CLAIMED IS:

[. A system for calculating the area of a peak profile using information from one
or more correlated peak profiles, comprising:

a separation device that separates one or more compounds from a mixture over time;

a tandem mass spectrometer that monitors traces of the one or more compounds during
the separation, producing a plurality of intensity measurements for the one or more
compounds over time; and

a processor that

receives the plurality of intensity measurements;
detects a first peak profile for a éompound of interest from the plurality of
_ intensity measurements for a first trace and detects one or more correlated
peak profiles for the compound of interest from the plurality of intensity
measurements for one or more other traces, and
calculates an area of the first peak profile based on the one or more correlated

peak profiles.

2. The system of any combination of the preceding systems claims, wherein a

trace comprises a fragmentation of a precursor 1on to a product 1on.

3. The system of any combination of the preceding systems claims, wherein a
trace comprises a separation of a label from an internal standard of the compound of

interest.

4. The system of any combination of the preceding systems claims, wherein the
processor detects a first peak profile and detects one or more correlated peak profiles
by
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selecting an initial position for the first peak profile and selecting an initial position for

each of the one or more correlated peak profiles.

5. The system of any combination of the preceding systems claims, wherein the
processor calculates an area of the first peak profile based on the one or more
correlated peak profiles by

selecting an initial width and an initial intensity for the first peak profile based on a peak
model for the compound of interest,

selecting an initial width and an initial intensity for each of the one or more correlated
peak profiles based on the peak model,

iteratively changing values for position, Width, and intensity for the first peak profile and
each of the one or more correlated peak profiles until a mathematical optimization
criterion is met, and

calculating the area of the first peak profile from the last position, width, and intensity of

the first peak profile using the peak model.

6. The system of any combination of the preceding systems claims, wherein the

mathematical optimization criterion comprises constraining the positions of the first
peak profile and each of the one or more correlated peak profiles so that no more

abundant peak has a lower intensity than any less abundant peak.

7. The system of any combination of the preceding systems claims, wherein the

processor detects a first peak profile and detects one or more correlated peak profiles

by
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performing a blind deconvolution method.

8. The system of any combination of the preceding systems claims, wherein the
processor calculates an area of the first peak profile based on the one or more |

correlated peak profiles by

constraining the deconvolution method based a shape of the compound of interest.

9. The system of any combination of the preceding systems claims, wherein the

deconvolution method comprises non negative matrix factorization (NNMF).

10. A method for calculating the area of a peak profile using information from one

-~

or more correlated peak profiles, comprising:

separating one or more compounds from a mixture over time using a separation device;

montitoring traces of the one or more compounds during the separation using a tandem
mass spectrometer, producing a plurality of intensity measurements for the one or
more compounds over time;

receiving the plurality of intensity measurements using a processor;

detecting a first peak profile for a compound of interest from the plurality of intensity
measurements for a first trace and detecting one or more correlated peak profiles for
the compound of interest from the plurality of intensity measurements for one or more
other traces using the processor, and

calculating an area of the first peak profile based on the one or more correlated peak

profiles using the processor.

11. The method of any combination of the preceding method claims, wherein
detecting a first peak profile and detecting one or more correlated peak profiles

comprises
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selecting an initial position for the first peak profile and selecting an initial position for

each of the one or more correlated peak profiles.

12. The method of any combination of the preceding method claims, wherein
calculating an area of the first peak profile based on the one or more correlated peak
profiles comprises

selecting an initial width and an initial intensity for the first peak profile based on a peak
model for the compound of interest,

selecting an initial width and an initial intensity for each of the one or more correlated
peak profiles based on the peak model,

iteratively changing values for position, width, and intensity for the first peak profile and
each of the one or more correlated peak profiles until a mathematical optimization
criterion is met, and

calculating the area of the first peak profile from the last position, width, and intensity of

the first peak profile using the peak model.

13. The method of any combination of the preceding method claims, wherein

detecting a first peak profile and detecting one or more correlated peak profiles

COMPprISes

performing a blind deconvolution method.

14. The method of any combination of the preceding method claims, wherein
calculating an area of the first peak profile based on the one or more correlated peak

profiles comprises
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constraining the deconvolution method based a shape of the compound of interest.

15. A computer program product, comprising a hon—transitory and tangible
computer-readable storage medium whose contents include a program with
instructions being executed on a processor so as to perform a method for calculating
the area of a peak profile using information frém one or more correlated peak profiles,
comprising:

providing a system, wherein the system comprises one or more distinct software modules,
and wherein the distinct software modules comprise a measurement module and an
analysis module;

receiving a plurality of intensity measurements using the measurement module, wherein
one or more compounds are separated from a mixture over time using a separation
device, and wherein traces of the one or more compounds are monitored during the
separation using a tandem mass spectrometer, producing the plurality of intensity
measurements for the one or more compounds over time;

detecting a first peak profile for a compound of interest from the plurality of intensity
measurements for a first trace and detecting one or more correlated peak profiles for
the compound of interest from the plurality of intensity measurements for one or more
other traces using the analysis module, ahd

calculating' an area of the first peak proﬁlé based on the one or more correlated peak

profiles using the analysis module.
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