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Supp. Info. 1: Benefits of the MITSI methodology
MITSI has several benefits to alternative signal summing techniques. Primarily, additional stable fragmentation patterns are not required. Since isotopologue ion transitions involve changes in isotopic composition, their measurement only requires shifting the m/z accordingly (e.g., [M – H]- + 2 to measure a 37Cl isotopologue of 1DCV instead of the 35Cl isotopologue of 1DCV). Monitoring a different m/z value theoretically provides increased analyte specificity; interferences and matrix effects that are unique to one transition are not summed, providing a better representation of random noise. This is opposed to summing the same transition repeatedly, in which non-random external or chemical noise can begin to compound, jeopardizing S/N improvements. 
Additionally, some data acquisition software will not monitor ion transitions with exactly the same mass and require a difference of at least 0.001 Da [1]. Although this mass difference is negligible for unit and low-resolution modes, it is a potential hindrance for utilizing high-resolution modes for the summation of the same transition. The MITSI method does not suffer from this drawback because different nominal masses are used.
MITSI also has the potential to identify co-eluates by isotopologue ratio. For example, while monitoring the area ratio of the isotopologue transitions, interfering transitions are less likely to have the same isotopic distributions. This is similar to quantification ion/confirmation ion agreement checks that are often utilized in clinical laboratories [2]. SRM2 (m/z 258  129) is currently used in our validated method as our confirmation transition while SRM1 (m/z 256  127) is our quantification transition for 1DCV [3]. For this reason, we do not explore achieving identical ion counting times as done in Pauwels et al. [4]; we are not adding an additional transition to our acquisition method, but rather summing two transitions already in the method, post-acquisition.
Furthermore, mass spectrometer manufacturers such as SCIEX recommend alternating different masses in between isobaric ion transitions to avoid cross-talk [5]. We predict our method to be more reliable than those methods that monitor replicate transitions since we monitor varying isotopologue masses.
As a benefit common to all signal summation methods, there is increased ease of integration. Time to manually integrate near-LOD peaks should decrease significantly while accuracy of peak picking algorithms should increase.
Lastly, computation speeds and mass spectrometer electronic switching times are becoming faster and more efficient. This affords possibilities for increased numbers of scans to be summed, and thus, even greater S/N increases. MITSI could increase the sensitivity of high resolution instruments by summing many high mass-resolution transitions together.














Supp. Info. 2: Guide to creating a sum multiple ions quantitation method using MultiQuant software [6]
	
1. Once the data of interest, including any transitions to be summed, has been acquired, open the MultiQuant software. Make sure the most recent version is installed (at least 3.0.2 or beyond to include Sum Multiple Ions HotFix 1).

	[image: ]

	
2. Create a new results table by selecting the wand button, or by holding Ctrl+N.

	[image: ]

	3. When prompted, browse for the folder containing the data files of interest and select it. Press OK.
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	4. Select the .wiff data files to be analyzed, and press the right arrow (=>) to move them to the Selected column.
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	5. Ensure all necessary data files have been selected and press Next >.
	[image: ]

	6. If creating a method for the first time, select Create New Method. If editing an existing method to add a summed ion transition, select the method and hit Finish; then, reopen the quantitation method and skip to Step 9. 
	[image: ]

	7. When prompted, name the new quantitation method and press Save.
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	8. Select a representative chromatogram to edit the user integration defaults. Press Next >.
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	9. Right-click and select Sum Multiple Ions from the drop-down.
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	10. Select the correct corresponding values for the data and method, such as internal standards (IS), compound names, compound groups, IS name, retention time, and ion transition (Q1/Q3-1). For those transitions to be summed, create an additional row with the summed ion transition name (e.g. 1DCV_SUM) and select the additional transition(s) to be summed (i.e. Q1/Q3-1, Q1/Q3-2, Q1/Q3-3...up to 10 if needed; additional columns may be added if more than 10 are needed). Click Next >.
	[image: ]

	11. Set up user integration defaults. These can be edited at a later time.
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	12. Set up outlier settings. These can be edited at a later time. Press Finish.
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	13. Allow time for integration of all samples. All transitions, including sums of multiple ions, should be showing. If not, open and edit the quantitation method to ensure all steps were correctly followed. Alternatively, ensure correct version and installation of the software, or contact the software vendor for assistance.
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Supp. Info. 3: Supporting Tables & Figures







[image: ]Supporting Table 1. Compound-specific mass spectrometric parameters for 1DCV.
*DP = declustering potential; EP = entrance potential; CE = collision energy; CXP = cell exit potential






















Supporting Table 2. Average chromatographic peak area counts for two different QC materials, separated by ion transition and integration algorithm (N = 20). 
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Supporting Table 3. Average percent chromatographic peak area increases for the summed transition relative to the individual transitions, across two different QC materials, separated by ion transition and integration algorithm (N = 20). 
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Supporting Table 4. Average signal-to-noise ratios (S/N) with standard error of the mean for two different QC materials, separated by ion transition and integration algorithm (N = 20). 
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Supporting Table 5. Integration parameters for each integration algorithm used.
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Supporting Table 6. Expected and actual percent signal-to-noise ratio enhancement factors (EFs)* for QC-1 and QC-2.












Supp. Info. 4: Derivation of the  proportion and MITSI-modified Equation
It is essential to investigate the applicability of the theorized  increase in S/N when summing n signals and how this may apply to MITSI. 
If total summed signal () is the summation of some amount (n) of individually reproducible signals (Si), then total noise () is the summation of its additive variance across those signals [7]. Relating signal to a dc waveform, its summation is directly proportional to the number of signals added (Equation 1) [8].
                                                      (1)
Noise is assumed to be an ac waveform. Its sum is proportional to its root-mean-square value instead of its mean-square value (Equation 2) [7]. 
                                             (2)
Equation 2 is the standard deviation of the noise – S/N is the quotient of mean signal divided by standard deviation (i.e., the inverse of relative standard deviation). Greater S/N values are associated with increases in precision because of these decreases in RSD [7]. To find S/N of n summed measurements,, as it relates to the individual ratio, (), Equation 1 is divided by Equation 2 to yield Equation 3. Thus, the  proportion is derived (Equation 3) [9].
                                                    (3)
A modification needs to be made to Equation 3 as it applies to MITSI. Because we are not summing duplicate signals as assumed in the above derivation, but rather related signals of varying intensity, Equation 1 is modified thusly to fit the context of MITSI (Equation 4):
                                          (4)
where SR is the signal of a relative ion transition and Ai is the relative abundance of the ion transitions to be summed. This does not change Equation 2, as noise is unaffected by signal. Dividing Equation 4 by Equation 2 yields Equation 5, which describes the theorized S/N enhancement for MITSI-applications such that:
                                         (5)
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