1. Supplemental Equations
Diffusion profile matching probability modeling. The probability of diffusion profiles matching Pmatch is modelled as Eqn.1 in PIXiE. A diffusion profile matching score is calculated as the weighted geometric mean of intensity matching score, diffusion profile matching score and m/z matching score. Pmatch is the diffusion profile matching score normalized to 1. 
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	(1)


MAP Bayesian probability models used in PIXiE. The probability of an ion path P(Tk) is modelled as Eqn.2 in PIXiE. The ion path score is calculated as weighted geometric mean of the overall diffusion profile matching probability Pdiffusion(Tk), and a function of the R-squared value of the ion path Tk.
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	(2)


The likelihood of an observed peak xi given an association hypothesis T is modeled with Eqn.3, if xi does not land on any ion paths in the association hypothesis, the likelihood is a constant δ corresponding to the overall noise level of the dataset. If xi does land on an ion path Tk within T, the likelihood P(x​i | T) becomes a function of the residue of the observed peak.
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	(3)


2. The iteratively reweighted least squares option

PIXiE also gives an option to deviate from the traditional multi-electric field collison cross section extraction method to account for certain error models. Using the simple linear least squares, the uncertainty of drift time measurement in high-leverage peaks could contribute an unproportioned amount of measurement uncertainty in collision cross section, e.g., one TOF pulse of drift time error of about 160μs at the highest electric field could contribute ~10 Å2 of error in collision cross section. To mitigate this effect PIXiE introduced an option to replace traditional simple least squares with iteratively reweighted least squares (IRLS)[1]. This option has two benefits:
1. IRLS redistributes each electric field’s contribution to the final CCS result evenly. In theory it should improve both accuracy and precision, the scale of which depends on types of error present.

2. IRLS especially acts as a countermeasure to numerical and measurement errors in drift time/temperature/pressure measurements in high leverage voltage groups. 

To evaluate the impact of iteratively reweighted least squares on the calculation of collision cross sections, we compared the collision cross section values that PIXiE generates to in silico prediction values. The average percentage error between predicted and experimental values was 5.2%. Turning on iteratively reweighted least squares reduces the average percentage error to 4.5%. A detailed correlation is plotted in Fig. S1. As a result, we conclude that turning on the IRLS option reduces measurement uncertainties. The IRLS option is especially recommended for experiments conducted with uneven electric field voltages.
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	Figure
 S1. 
(a) Correlation plot of PIXiE CCS vs NWChem predicted CCS with the IRLS option off. (b) Correlation plot of PIXiE CCS vs NWChem predicted CCS with the IRLS option on.


3. In silico prediction of CCS values


Theoretical collision cross section calculations have been used in the literature to support the identification of metabolites[2]. We compared our experimentally derived collision cross section values to theoretical values which were predicted using an approach outlined in Paglia et al[2]. Briefly, 2D structure files were obtained using ChemSpider [3], and analyzed using the Marvin pKa plugin (Marvin 15.9.14, 2015, ChemAxon) for adduct site prediction [4]. Initial geometry optimization was performed using the Merck molecular force field [5] implemented in Avogadro (v. 1.1.1)[6]. Final geometry optimization was completed using density functional theory, executed in NWChem at the B3LYP/6-31g* level 
 ADDIN EN.CITE 
[7]
. Finally, the collision cross section values were calculated using the MOBCAL software, modified for the room temperature N2-based trajectory method 
 ADDIN EN.CITE 
[8-10]
.
4. Supplemental Table S1
	Chemical
	Adduct
	PIXIE CCS -IRLS



	PIXIE CCS -Default

	NWCHEM prediction



	Literature CCS
[2]

	Additional detected conformers

	adenosine
	[M+H]
	166.5
	166.1
	163.5
	166
	1 conformer, CCS = 157

	adenosine
	[M+Na]
	167.7
	165.1
	
	
	

	choline
	[M+]
	119.1
	119.0
	
	117
	

	cytidine
	[M-H]
	155.9
	156.2
	160.8
	156
	

	D-tryptophan
	[M-H]
	158.7
	159.1
	
	154
	

	folicAcid
	[M+H]
	202.0
	198.6
	
	
	1 conformer, CCS = 207

	folicAcid
	[M+Na]
	209.1
	207.0
	227.9
	242
	

	folicAcid
	[M-H]
	198.1
	198.9
	
	213
	

	fructose-1-6-diphosphate
	[M-H]
	155.9
	156.2
	166.0
	169
	

	glucosamine-6-phosphate
	[M+H]
	153.1
	153.2
	146.5
	153
	4 conformers, CCS = 156, 165, 187, 201

	glucosamine-6-phosphate
	[M+Na]
	172.0
	172.0
	
	
	

	glucosamine-6-phosphate
	[M-H]
	159.7
	155.9
	
	150
	

	NAD
	[M-H]
	223.9
	219.0
	
	231
	1 conformer, CCS = 176

	sucrose
	[M+Na]
	167.4
	176.7
	169.6
	169
	

	UDP-galactose
	[M-H]
	210.3
	210.6
	
	233
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� CCS extracted using PIXiE, with the option IRLS turned on 


� CCS extracted by PIXiE, with the option IRLS turned off


� In silico prediction of CCS values� using methods mentioned in 3. In silico prediction of CCS values
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�Change figure titles to “PIXiE default vs predicted” and “PIXiE IRLS vs predicted”


�Add Ryan and Dennis’ methods here.


�Does S1 needs its own supplementary
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�Need references for all of these CCS.


�TODO: Add Paglia reference here. 
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