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Figure S1 Performance of FSA under various limits of MDR combinations (MaxComb) when the mass matching tolerance was set to 1 mDa. The performance was evaluated in two different aspects: (a) percentage of applicable metabolites and (b) percentage of applicable spectra assigned with the correct precursor formulas.
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Figure S2 Percentage of spectra in the seven datasets that were assigned with correct formulas when different mass matching tolerances were used. The arrows indicate the percentage readings of the seven datasets when the match tolerances mentioned in the Determination of Mass Matching Tolerance section were applied.
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Figure S3 Histogram and accumulated histogram of the mass differences between possible precursor peaks in the MS/MS spectra and their corresponding theoretical values in the HMDB_QTOF, HMDB_ITFT, and HMDB_QFT datasets. The mass differences of 1.3, 0.6, and 0.3 mDa at 80% were used as mass matching tolerances for the three datasets in FSA.
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Figure S4 Percentage of total identified (by FSA) and mass match-identified spectra in the HMDB_QFT dataset assigned with the correct precursor formula under various mass matching tolerances from 0.1 to 3.0 mDa.
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Figure S5 Percentage of spectra in the seven test datasets whose chemical formulas were correctly assigned when various numbers of top abundant fragment peaks were used to determine formula rankings in FSA.
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Figure S6 Ratios of informative fragments in the spectra of the seven test datasets; (a) Ratios of the 30 most abundant fragments in a spectrum that match with at least one chemical formula. (b) Ratios of the fragments with formula in the spectrum that were CFs.
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Figure S7 The GUI interface and related settings for the test dataset for the SIRIUS 5.5.7. The instrument was set to “Q-TOF” for HMDB_QTOF, NPL_MAXIS, and NPL_QTOF; set to “Orbitrap” for NPL_OT and LIPIDS_OT; and set to “FT-ICR” for HMDB_ITFT and HMDB_QFT. Same chemical elements were specified in the comparison: CHONSP in the three HMDB datasets, CHONS in the three GNPS-NIH-NPL datasets, and CHONP in the GNPS-PNNL-LIPIDS dataset. The parameter of "MS2 MassDev" for the best formula assignment accuracy in the seven datasets was set to 14, 6, 3, 20, 15, 7, and 18 ppm, respectively. Other parameters were set as shown in the figure and default parameters were used in the ZODIAC option.
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Figure S8 Performance of FSA in different compound mass ranges. (a) Number of metabolites whose chemical formulas were assigned by FSA. (b) Percentage of metabolites in (a) whose chemical formulas were correctly assigned (rank#1) by FSA.
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Figure S9 Boxplots of the fragment numbers in the rank#1 spectra (R1) versus those in the other spectra (R2+) for the seven datasets. The top of each boxplot shows the p-value of the Wilcoxon rank sum test of the fragment numbers between R1 and R2+ spectral groups. The fragment number in the vertical axes is drawn in the logarithmic scale due to the large value range (100–104) among datasets.
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Figure S10 Boxplots of the peak distance SDs in the rank#1 spectra (R1) versus those in the other spectra (R2+) for the seven datasets. The top of each boxplot shows the p-value of the Wilcoxon rank sum test of the peak distance SD between R1 and R2+ spectral groups. A few spectra with peak distance SDs >120 were not displayed for a clear view of the corresponding boxplots.
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Figure S11 Boxplots of the CF ratios in rank#1 spectra (R1) versus those in other spectra (R2+) for the seven datasets. The top of each boxplot shows the p-value from the Wilcoxon rank sum test of the fragment numbers between R1 and R2+ spectral groups.
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Figure S12 Boxplots of the top-2 score differences in rank#1 spectra (R1) versus those in other spectra (R2+) for the seven datasets. The top of each boxplot shows the p-value from the Wilcoxon rank sum test of the score differences between R1 and R2+ spectra.

Table S1 Number of spectra and compounds with and without halogen elements in the six test datasets

	Dataset
	Original
	CHONPS
	CHONPS+

Halogen

	HMDB_QTOF

HMDB_ITFT

HMDB_QFT
	3743 (995)
	3029 (821)
	3371 (965)

	
	4074 (314)
	2601 (242)
	3295 (297)

	
	2195 (334)
	1439 (221)
	2090 (321)

	NPL_MAXIS

NPL_QTOF

NPL_OT
	7641 (3624)
	3561 (2834)
	3644 (2890)

	
	2090 (1890)
	1373 (1364)
	1490 (1485)

	
	1314 (639)
	270 (242)
	279 (262)

	Total
	21057 (7796)
	12273 (5724)
	14169 (6220)


Table S2 Percentage of metabolites/spectra in the six halogen datasets with correctly assigned chemical formula

	Datasets
	Metabolites

/ Spectra
	Total qualified
	The correct formula is

	
	
	
	the sole candidate
	the rank#1
	in top-3 ranks
	in top-5 ranks

	HMDB_QTOF
	Spectra
	3371
	218 (6.47%)
	1877 (55.68%)
	2544 (75.47%)
	2763 (81.96%)

	
	Metabolites
	965
	84 (8.70%)
	652 (67.56%)
	805 (83.42%)
	854 (88.50%)

	HMDB_ITFT
	Spectra
	3295
	672 (20.39%)
	2835 (86.04%)
	3140 (95.30%)
	3214 (97.54%)

	
	Metabolites
	297
	57 (19.19%)
	281 (94.61%)
	293 (98.65%)
	296 (99.66%)

	HMDB_QFT
	Spectra
	2090
	123 (5.89%)
	1818 (86.99%)
	2032 (97.22%)
	2072 (99.14%)

	
	Metabolites
	321
	25 (7.79%)
	309 (96.26%)
	319 (99.38%)
	320 (99.69%)

	NPL_MAXIS
	Spectra
	3644
	0 (0.00%)
	2819 (77.36%)
	3279 (89.98%)
	3367 (92.40%)

	
	Metabolites
	2890
	0 (0.00%)
	2417 (83.63%)
	2706 (93.63%)
	2755 (95.33%)

	NPL_QTOF
	Spectra
	1490
	6 (0.40%)
	887 (59.53%)
	1151 (77.25%)
	1245 (83.56%)

	
	Metabolites
	1485
	6 (0.40%)
	887 (59.73%)
	1150 (77.44%)
	1243 (83.70%)

	NPL_OT
	Spectra
	279
	2 (0.72%)
	247 (88.53%)
	273 (97.85%)
	277 (99.28%)

	
	Metabolites
	262
	2 (0.76%)
	231 (88.17%)
	257 (98.09%)
	261 (99.62%)

	Total
	Spectra
	14169
	1021 (7.21%)
	10483 (73.99%)
	12419 (87.65%)
	12938 (91.31%)

	
	Metabolites
	6220
	174 (2.80%)
	4777 (76.80%)
	5530 (88.91%)
	5729 (92.11%)


Table S3 Spectral precursor formula assignment result of SIRIUS 5.57 on the seven test datasets
	PPM
	HMDB_QTOF (SIRIUS)*
	HMDB_QTOF (SIRIUS+ ZODIAC)#
	HMDB_ITFT (SIRIUS)*
	HMDB_ITFT (SIRIUS+ ZODIAC)#
	HMDB_QFT (SIRIUS)*
	HMDB_QFT (SIRIUS+ ZODIAC)#
	NPL_MAXIS (SIRIUS)*
	NPL_MAXIS (SIRIUS+ ZODIAC)#
	NPL_QTOF (SIRIUS)*
	NPL_QTOF (SIRIUS+ ZODIAC)#
	NPL_OT (SIRIUS)*
	NPL_OT (SIRIUS+ ZODIAC)#
	LIPID_OT (SIRIUS)*
	LIPID_OT (SIRIUS+ ZODIAC)#

	1
	
	
	
	
	
	92.15
	
	
	
	
	
	
	
	

	2
	
	
	
	86.74
	
	97.08
	
	
	
	
	
	
	
	44.4

	3
	
	
	
	88.16
	95.34
	97.64
	
	
	
	
	
	
	
	47.68

	4
	
	
	
	
	95.14
	97.57
	
	
	
	
	
	
	
	

	5
	
	64.51
	87.58
	88.93
	
	97.15
	
	52.68
	
	
	
	93.33
	53.45
	53.74

	6
	
	
	86.74
	89.12
	
	96.39
	
	
	
	
	
	
	
	

	7
	
	
	
	86.16
	
	
	
	
	
	
	93.33
	94.44
	
	58.01

	8
	
	70.78
	
	
	
	
	
	65.43
	
	
	
	93.33
	
	

	10
	70.45
	73.59
	
	84.66
	
	
	
	70.09
	
	73.71
	
	94.07
	59.93
	60.21

	11
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12
	
	75.44
	
	
	
	
	
	72.45
	
	76.77
	
	
	60.31
	60.97

	13
	
	75.44
	
	
	
	
	
	
	
	
	
	
	
	

	14
	72.3
	75.47
	
	
	
	
	
	
	
	77.35
	
	
	
	61.36

	15
	
	72.4
	
	
	
	
	
	74.36
	69.26
	77.86
	
	
	61.49
	61.84

	16
	
	
	
	
	
	
	
	
	
	77.28
	
	
	
	

	17
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	18
	
	
	
	
	
	
	
	
	
	76.69
	
	
	
	62.31

	19
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	
	
	
	
	
	
	70.77
	74.95
	
	76.98
	
	
	62.00
	62.31

	21
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	22
	
	
	
	
	
	
	
	74.81
	
	
	
	
	
	

	23
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	24
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	25
	
	
	
	
	
	
	
	
	
	
	
	93.33
	
	62.24

	30
	
	
	
	
	
	
	
	74.78
	
	
	
	
	
	61.37


* The experiment used SIRIUS only
# The experiment used SIRIUS with the ZODIAC option to improve the assignment accuracy
3

