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Supplementary Texts
Text S1 Description of the incubation experiments
The activated sludge mixture samples were taken from an aerobic tank of a wastewater treatment plant in Yubei District, Chongqing, China, and the process was A2O. The incubation experimental were categorized into three conditions: i) Temperature conditions included a high temperature of 50 ℃ (HT) and a low temperature of 10 ℃ (LT). ii) Temperature and carbon source conditions included the simultaneous addition of glucose and lignin at high temperature (HT+C) and low temperature (LT+C), respectively. iii) Dilution conditions were 10 (D10), 100 (D100) and 1,000 (D1000) times dilution of the activated sludge mixture.
Samples were taken at 2-hour intervals in each incubation experiment conditions. Activated sludge mixture changed greatly in the early stages of pulse disturbances, resulting rapid transformation in DOM components 1. In this study, we chose the earliest three points of each incubation experiment conditions to represent DOM transformation under each pulse disturbances.


Text S2 Sample pre-treatment and testing procedures
Sample collection involved gathering water samples separately from each incubation experiment conditions, which were then filtered using a 0.7 μm GF/F glass fiber membrane (Whatman®, UK). After filtration, 1 mL of 6 mol·L-1 hydrochloric acid was added to the collected filtrate, and the pH of the filtrate was adjusted to 2 to stabilize its properties. The treated samples were stored at 4°C in a dark place for further processing over a period of 24 hours.
Solid-phase extraction (SPE) involved the sequential rinsing and activation of the Agilent Bond Elut PPL solid phase extraction column (500 mg polystyrene-divinylbenzene copolymer packing with a column volume of 6 mL) using 18 mL of chromatography-grade methanol, followed by 18 mL of acidified ultrapure water (pH =2). Next, the aqueous sample was acidified to pH=2 and extracted through the PPL column at a rate of less than 5 mL·min-1. Subsequently, the PPL column was then rinsed with 18 mL of acidified ultrapure water (pH=2) to remove inorganic salts and dried with nitrogen. Finally, 8 mL of methanol was used to elute the organic material from the PPL column, which was subsequently fixed to 10 mL with methanol. The extracts were collected with a brown reagent bottle and stored at -20 ℃ until up-testing.
The Orbitrap-MS test involved measuring the molecular composition of dissolved organic matter (DOM) using an Orbitrap mass spectrometer in negative ion electrospray mode (Thermo Eclipse model), with the DOM sample being automatically injected by a syringe pump at a flow rate of 20 μL·min-1. The spray voltage was set at -3.8 kV, and the sheath gas and auxiliary gas pressures were set at 5 arb and 2 arb, respectively. The resolution was 1,000,000 FWHM, and the mass acquisition ranged from 100 to 1,000 m/z with an acquisition time of 7 min. Prior to test, a standard mixture (Thermo PierceTM FlexMixTM calibration solution) was used for external calibration. After mass spectral data acquisition, internal calibration was performed using compounds commonly found in the DOM.


Text S3 Introduction to elemental limits, filtering rules and selection rules
Methods differ in how they limited the number of elemental atoms. Some directly restricted the counts of C, H, O, N, P and S 2, while others did not limit H and O but restricted H/C and O/C ratios 3.
The molecular formula (MF) database generally consisted of all MFs generated by C, H, O, N, P and S within specified elemental limits that meet the filtering rules. Different filtering rules resulted in different MF databases. In some methods, additional custom filters were applied alongside traditional chemical rules. These filters combined elemental range preselection, isotope ratio validation, linear quantile regression and homologue series network analysis to optimize and validate the chemical formula for each mass peak 2. However, the separate filters in these methods did not operate in the same way, which explained why certain peaks were assigned in one approach but not in another.
Mass error was a range, a peak corresponded to more than one MF within this range. In such cases, the most probable MF was selected according to a specific rule. Different selection rules led to the selection of different MFs 4. This results in different MF being assigned to some peaks, which in turn led to varying assignment results.


Supplementary Figures
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Fig. S1 The main process of literature screening process.
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[bookmark: _Hlk186119540]Fig. S2 Comparison of chemical diversity and fractions of experimental and natural water (NW) samples. A. Overview of chemical diversity. B. Overview of the relative intensities of elemental components. C. Overview of the relative strengths of chemical compositions5. The DOC concentration of NW1 is 0.34 mg/L, and the DOC concentration of NW2 is 22.2 mg/L.
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Fig. S3 Schematic diagram of m/z selection. The boxes represented the selected three part of mass range.


Supplementary Tables
Table S1 Overview of the literature on formula assignment methods. QualAnalysis did not find the open-source code.
	Title
	Method 
	Fields
	Mass range

	Formularity: Software for Automated Formula Assignment of Natural and Other Organic Matter from Ultrahigh-Resolution Mass Spectra
	Formularity
	NOM
	1-1500

	Development and comparison of formula assignment algorithms for ultrahigh-resolution mass spectra of natural organic matter
	TRFU/FuJHA
	NOM
	1-1000

	ICBM-OCEAN: Processing Ultrahigh-Resolution Mass Spectrometry Data of Complex Molecular Mixtures
	ICBM-
OCEAN
	NOM
	1-1000

	HaloSeeker 1.0: A User-Friendly Software to Highlight Halogenated Chemicals in Nontargeted High-Resolution Mass Spectrometry Data Sets
	HaloSeeker
	Halogen 
	1-1000

	MFAssignR: Molecular formula assignment software for ultrahigh resolution mass spectrometry analysis of environmental complex mixtures
	MFAssignR
	DOM
	1-1000

	UltraMassExplorer: a browser‐based application for the evaluation of high‐resolution mass spectrometric data
	UltraMass
Explorer
	DOM
	1-700

	NOMspectra: An Open-Source Python Package for Processing High Resolution Mass Spectrometry Data on Natural Organic Matter
	NOMspectra 
	NOM
	1-1000

	Development of a Gaussian-Based Alignment Algorithm for the Ultrahigh-Resolution Mass Spectra of Dissolved Organic Matter
	FTMS-
-Analysis
	NOM
	1-1000

	QualAnalysis: A New Tool for Environmental Chemistry
	QualAnalysis
	Environ. Chem.
	1-1500

	TEnvR: MATLAB-based toolbox for environmental research
	TEnvR
	NOM
	1-1000




Table S2 Detailed rules for the method of assignment. Chemical rule included nitrogen rule, senior rules, maximum DBE rule & min DBE limit and maximum number of H rule, Seven Golden Rules.
	Method 
	Elemental limits（Default）
	Filter rules
	Selection rules 

	Formularity
	H/C∈(0.2,3.1),
O/C∈(0,1.2),
N/C∈(0,1.3),
P/C∈(0,0.3),
S/C∈(0,0.8)
	Seven Golden Rules,
Nitrogen Rule
	Lower of heteroatoms：
Min N+P+S ＆low error ,
or Min P+S ＆ low error.
or Low error

	TRFU/FuJHA
	/
	Nitrogen Rule,
DBE-O ∈(-10,10)
	Lower black carbon.
Lower of heteroatoms: Lower N+S+P,
if not lower S+P,
if not lower error

	ICBM-OCEAN
	O/C＜1.2, H/C＜4
	NSP ruler,
Separate filter,
	Homologous sequence

	MFAssignR
	/
	Nitrogen Rule,
DBE-O ∈(-13,13),
Senior rules, Separate filter,
Large atom rule, Maximum DBE rule & min DBE limit, 
	Homologous sequence

	TEnvR
	/
	Separate filter
	Homologous sequence,
Simpler MF, Lower errors

	NOMspectra
	0.25＜H/C＜2.2,
O/C＜1
	Nitrogen Rule*,
DBE-O＜10
	Lower errors





Table S3 Overview of the content of the rules. 
	Rule name
	Introduction to the rules

	Seven Golden Rules6
	Restricting element counts, applying Lewis and Senior chemical rules, considering isotopic patterns, checking hydrogen/carbon ratios, evaluating nitrogen, oxygen, phosphorus, and sulfur versus carbon ratios, calculating element ratio probabilities, and addressing trimethylsilyl (TMS) modifications.

	Senior rules6
	(1) The sum of valences or the total number of atoms (H+ N+ P) having odd valences is even; (2) The sum of valences is greater than or equal to twice the maximum valence; (3) The sum of valences is greater than or equal to twice the number of atoms minus 1.

	Nitrogen rule7
	The number of nitrogen atoms corresponds to the parity of the relative molecular mass of the compound.

	DBE-O limit8
	Limit on the number of DBE-O.

	NSP rules2
	N <= C + 1; S <= C + 1; P <= C + 1; metals + halogens <= 2, even valences and optionally the exclusion of: formulae with N > 1 & (S+P) > 0; N = 1 and S >= 1 and P >= 1; S + P > 2; N = 1 and (S | P) > 1

	Separate filter2,4,9
	Including: 1.Isotope ratio filter：Optimize molecular formula attribution by making use of natural isotope abundances. 2. Linear quantile regression filter: removing formulae with suspicious mass error. 3. Homologous series network filter: Optimize formula attribution for naturally occurring complex mixtures

	Large atom rule4
	The maximum number of oxygen atoms is limited by the formula O≤2C+3(N+N15) +4P+4(S+S34)

	Maximum DBE rule &
min DBE limit4
	[bookmark: _Hlk179576143]DBE >= 0 & DBE <= round (0.9 * (C + N)). The double bond equivalent (DBE) must be greater than or equal to 0 and less than or equal to 90% of the sum of the number of carbon (C) and nitrogen (N) atoms in the chemical formula

	Nitrogen rule*10
	N plus H equals an even number.

	Black carbon3
	When AImod > 0.66 and C > 15 named black carbon.

	Lower Errors10
	Choose the MF with the smaller mass error.

	KMD principle11
	Determine the structure and composition of a molecule by calculating the difference between the actual mass of the molecule and the theoretical mass of the constituent atoms.

	Homologous sequence12
	Sequence blocks were recognized by the KMD principle and the MF with the most homologous sequences was selected.

	Simpler MF9
	Choose MFs with fewer elements, e.g. CHON, CHOS preferred 
to CHONS.



The specific calculation for DBE and AImod in the table were as follows:

                        (1)

                (2)
[bookmark: _Hlk180586610]


[bookmark: _Hlk180586163]Table S4 The data used for assessment incorrect rates under known chemical formula dataest. The slash indicated that unassigned MF, where the red color indicated an incorrectly assigned MF.
	Mass
	Formula
	Formularity
	TRFU
	ICBM
	MFAssignR
	NOMspectra
	TEnvR

	67.0189385
	C4H4O1
	C4H4O1
	C4H4O1
	C4H4O1
	/
	/
	C4H4O1

	69.0345885
	C4H6O1
	C4H6O1
	C4H6O1
	C4H6O1
	C4H6O1
	C4H6O1
	C4H6O1

	71.0502385
	C4H8O1
	C4H8O1
	C4H8O1
	C4H8O1
	C4H8O1
	C4H8O1
	C4H8O1

	73.0658885
	C4H10O1
	C4H10O1
	C4H10O1
	C4H10O1
	/
	C4H10O1
	/

	81.0345885
	C5H6O1
	C5H6O1
	C5H6O1
	C5H6O1
	C5H6O1
	C5H6O1
	C5H6O1

	100.0404025
	C4H7N1O2
	C4H7N1O2
	C4H7N1O2
	C4H7N1O2
	C4H7N1O2
	C4H7N1O2
	C4H7N1O2

	100.0767875
	C5H11N1O1
	C5H11N1O1
	C5H11N1O1
	C5H11N1O1
	C5H11N1O1
	C5H11N1O1
	/

	101.0066595
	C4H6O1S1
	C4H6O1S1
	C4H6O1S1
	C4H6O1S1
	C4H6O1S1
	/
	C4H6O1S1

	101.0244185
	C4H6O3
	C4H6O3
	C4H6O3
	C4H6O3
	C4H6O3
	C4H6O3
	C4H6O3

	101.0608035
	C5H10O2
	C5H10O2
	C5H10O2
	C5H10O2
	C5H10O2
	C5H10O2
	C5H10O2

	200.0023035
	C7H7N1O4S1
	C7H7N1O4S1
	C7H7N1O4S1
	C7H7N1O4S1
	C7H7N1O4S1
	C7H7N1O4S1
	C7H7N1O4S1

	200.0386885
	C8H11N1O3S1
	C8H11N1O3S1
	C8H11N1O3S1
	C8H11N1O3S1
	C8H11N1O3S1
	C8H11N1O3S1
	C8H11N1O3S1

	200.0717025
	C12H11N1O2
	C12H11N1O2
	C12H11N1O2
	C12H11N1O2
	C12H11N1O2
	C12H11N1O2
	C12H11N1O2

	200.0928325
	C9H15N1O4
	C9H15N1O4
	C9H15N1O4
	C9H15N1O4
	C9H15N1O4
	C9H15N1O4
	C9H15N1O4

	200.1040655
	C8H15N3O3
	C8H15N3O3
	C8H15N3O3
	C8H15N3O3
	C8H15N3O3
	C8H15N3O3
	C8H15N3O3

	300.0213385
	C10H12N3O4S1P1
	C10H12N3O4S1P1
	C10H12N3O4S1P1
	C8H7N5O8
	C10H12N3O4S1P1
	C10H12N3O4S1P1
	/

	300.0221885
	C8H7N5O8
	C8H7N5O8
	C18H8N1O2P1
	C18H8N1O2P1
	C8H7N5O8
	/
	/

	300.0394785
	C8H15N1O9S1
	/
	C8H15N1O9S1
	C8H15N1O9S1
	C8H15N1O9S1
	C8H15N1O9S1
	/

	300.0448365
	C14H11N3O3S1
	C14H11N3O3S1
	C14H11N3O3S1
	C8H16N1O9P1
	C14H11N3O3S1
	C14H11N3O3S1
	C14H11N3O3S1

	300.0489945
	C8H16N1O9P1
	C8H16N1O9P1
	C9H18O7P2
	C19H11N1O1S1
	C8H16N1O9P1
	C19H11N1O1S1
	C10H12N4O5S1

	400.0431225
	C18H15N3O4S2
	C18H15N3O4S2
	C18H15N3O4S2
	/
	C18H15N3O4S2
	C18H15N3O4S2
	C18H15N3O4S2

	400.0608815
	C18H15N3O6S1
	C18H15N3O6S1
	C18H15N3O6S1
	/
	C18H15N3O6S1
	C18H15N3O6S1
	C18H15N3O6S1

	400.0649035
	C23H15N1O4S1
	C12H20N1O12P1
	C23H15N1O4S1
	C12H20N1O12P1
	C12H20N1O12P1
	C23H15N1O4S1
	C14H16N4O8S1

	400.0721145
	C17H15N5O5S1
	C17H15N5O5S1
	C16H21N1O7P2
	C23H15N1O4S1
	/
	C17H15N5O5S1
	C17H15N5O5S1

	400.0826625
	C23H15N1O6
	C16H23N3O3S3
	C23H15N1O6
	C23H15N1O6
	C23H15N1O6
	C16H23N3O3S3
	C14H16N4O10

	500.0809485
	C27H19N1O7S1
	C16H24N1O15P1
	/
	C27H19N1O7S1
	/
	C27H19N1O7S1
	C18H20N4O11S1

	500.0928325
	C34H15N1O4
	C16H28N3O9S2P1
	C34H15N1O4
	C34H15N1O4
	/
	C34H15N1O4
	C21H27N1O7S2P1

	500.1786885
	C23H27N5O8
	C23H35N1O7S2
	C33H28N1O2P1
	C23H27N5O8
	/
	C18H35N3O11S1
	C23H27N5O8

	500.1915755
	C20H32N5O8P1
	C18H35N3O11S1
	/
	C33H28N1O2P1
	/
	C25H35N5O4S1
	C18H35N3O11S1

	500.2336995
	C25H35N5O4S1
	C25H43N1O3S3
	C24H41N1O6P2
	/
	/
	C34H35N3O1
	C25H35N5O4S1

	601.1405115
	C38H22N2O6
	C25H30O17
	C25H30O17
	C38H22N2O6
	C25H30O17
	C25H30O17
	C25H34N2O9S2P1

	601.2185055
	C25H38N4O11S1
	C25H46O10S3
	C24H44O13P2
	/
	C25H38N4O11S1
	C25H46O10S3
	C25H38N4O11S1

	601.2515195
	C29H38N4O10
	C29H46O9S2
	C39H39O4P1
	C29H38N4O10
	/
	C29H38N4O10
	C29H38N4O10

	601.3229535
	C30H50O12
	C30H50O12
	C30H50O12
	/
	C30H50O12
	C30H50O12
	C30H50O12

	601.3745935
	C35H54O8
	C35H54O8
	C35H54O8
	C35H54O8
	C35H54O8
	C35H54O8
	C35H54O8

	700.3913675
	C35H59N1O13
	C35H59N1O13
	C35H59N1O13
	C35H59N1O13
	C35H59N1O13
	C35H59N1O13
	C35H59N1O13

	701.5573085
	C40H78O9
	/
	C40H78O9
	C40H78O9
	C40H78O9
	C40H78O9
	C40H78O9

	704.3862825
	C34H59N1O14
	C34H59N1O14
	C34H59N1O14
	C34H59N1O14
	C34H59N1O14
	C34H59N1O14
	C34H59N1O14

	705.2210865
	C39H38N4O5S2
	C28H51O12S3P1
	/
	C25H42N2O21
	C26H46N2O16S2
	C25H42N2O21
	C33H42N2O11S1P1

	705.4430685
	C36H66O13
	C36H66O13
	C36H66O13
	C36H66O13
	C36H66O13
	C36H66O13
	C36H66O13

	801.3795445
	C32H66O20S1
	C45H58N2O9S1
	C53H54O7
	C32H66O20S1
	/
	C32H66O20S1
	C32H66O20S1

	801.5580985
	C40H82O15
	/
	C40H82O15
	C40H82O15
	/
	C40H82O15
	C40H82O15

	802.4747025
	C44H69N1O12
	C44H69N1O12
	C44H69N1O12
	C44H69N1O12
	/
	C44H69N1O12
	C44H69N1O12

	803.3706935
	C38H60O18
	C38H60O18
	C38H60O18
	C38H60O18
	/
	C38H60O18
	C38H60O18

	803.4587185
	C44H68O13
	C44H68O13
	C44H68O13
	C44H68O13
	/
	C44H68O13
	C44H68O13

	900.4962275
	C45H75N1O17
	/
	C45H75N1O17
	C45H75N1O17
	C45H75N1O17
	C45H75N1O17
	C45H75N1O17

	910.5017075
	C43H77N1O19
	/
	C43H77N1O19
	C43H77N1O19
	C43H77N1O19
	C43H77N1O19
	C43H77N1O19

	912.5114825
	C50H75N1O14
	/
	C50H75N1O14
	C50H75N1O14
	/
	C50H75N1O14
	C41H76N4O18

	914.5118775
	C46H77N1O17
	/
	C46H77N1O17
	C46H77N1O17
	C46H77N1O17
	C46H77N1O17
	C46H77N1O17





[bookmark: _Hlk180586141]Table S5 The data used for assessment incorrect rates under HT condition. Low-mass segments were labeled in red, medium-mass in green, high-mass in blue. Correctly assigned results were bolded, the slash indicated that unassigned MF.
	Mass
	Formularity
	TRFU
	ICBM
	MFAssignR
	NOMspectra
	TEnvR

	127.003628
	C5H4O4
	C5H4O4
	C5H4O4
	C5H4O4
	C5H4O4
	/

	154.0257451
	C5H5O3N3
	C5H5O3N3
	/
	C5H5O3N3
	C5H5O3N3
	/

	163.0434276
	C6H12O3S1
	C6H12O3S1
	/
	C6H12O3S1
	C6H12O3S1
	C6H12O3S1

	166.0954187
	C10H14O2
	C10H14O2
	C10H14O2
	/
	C10H14O2
	/

	161.081884
	C7H14O4
	C7H14O4
	C7H14O4
	C7H14O4
	C7H14O4
	C7H14O4

	142.9999788
	C5H5O2N1S1
	/
	/
	/
	/
	/

	137.0719577
	C7H10O1N2
	C7H10O1N2
	C7H10O1N2
	C7H10O1N2
	C7H10O1N2
	C7H10O1N2

	181.0458923
	C6H15O2S1P1
	C6H15O2S1P1
	C6H15O2S1P1
	/
	/
	/

	145.0172727
	C4H7O2N2P1
	C4H7O2N2P1
	/
	C4H7O2N2P1
	/
	/

	197.0123429
	C5H10O6S1
	C7H7O3N2P1
	/
	/
	/
	C5H10O6S1

	182.0248791
	C11H5O2N1
	C11H5O2N1
	C11H5O2N1
	C11H5O2N1
	C11H5O2N1
	/

	145.0141927
	C5H6O5
	C5H6O5
	C5H6O5
	C5H6O5
	/
	C5H6O5

	147.0298667
	C5H8O5
	C5H8O5
	C5H8O5
	C5H8O5
	/
	C5H8O5

	118.9808424
	C3H4O3S1
	C3H4O3S1
	/
	C3H4O3S1
	/
	/

	167.0382853
	C5H12O4S1
	C5H12O4S1
	C5H12O4S1
	/
	/
	/

	497.0927112
	C34H14O3N2
	C25H24O7P2
	C25H24O7P2
	/
	C25H23O6N1S2
	C25H24O7P2

	499.0897351
	C25H26O5S1P2
	C17H30O7N2S2P2
	C35H17O2P1
	C17H30O7N2S2P2
	C17H30O7N2S2P2
	/

	498.0923682
	C18H27O12S1P1
	C17H25O14N1S1
	C35H17O1N1S1
	C17H25O14N1S1
	C25H25O4N1S2P1
	C17H25O14N1S1

	500.089362
	C16H23O17N1
	C19H24O9N3S1P1
	/
	C16H23O17N1
	C24H23O7N1S1P1
	/

	498.0959982
	C34H14O3N2
	C24H22O9N1P1
	/
	/
	C25H24O7P2
	/

	501.0866589
	C24H22O10S1
	C16H28O10N2S1P2
	/
	C16H28O10N2S1P2
	C16H28O10N2S1P2
	C14H31O13S2P1

	500.093012
	C25H26O5S1P2
	C16H28O9N3S2P1
	/
	/
	C17H30O7N2S2P2
	/

	499.0955551
	C28H21O7P1
	C17H25O14N1S1
	C28H21O7P1
	/
	C17H25O14N1S1
	/

	499.0721249
	C20H20O15
	C24H22O8P2
	C24H22O8P2
	C24H22O8P2
	C24H21O7N1S2
	C33H12O4N2

	471.1092313
	C27H20O8
	C17H29O11S1P1
	C17H29O11S1P1
	C19H26O8N2P2
	C19H26O8N2P2
	C17H29O11S1P1

	501.0926589
	C16H23O17N1
	C20H27O7N2S2P1
	C28H23O5S1P1
	/
	C21H29O5N1S2P2
	/

	513.087612
	C34H14O4N2
	C25H24O8P2
	C25H24O8P2
	C25H24O8P2
	C25H23O7N1S2
	C25H24O8P2

	501.0888489
	C20H22O15
	C20H22O15
	C20H22O15
	C20H22O15
	C16H25O15N1P1
	C20H22O15

	453.1039366
	C20H22O12
	C20H22O12
	C20H22O12
	C20H22O12
	C20H22O12
	C20H22O12

	451.1247329
	C21H24O11
	C21H24O11
	C21H24O11
	C21H24O11
	C21H24O11
	C21H24O11

	956.8579356
	C60H115O3N3S1
	C28H16O30S2P2
	/
	/
	C33H9O26N3S2P1
	/

	943.3672222
	C40H64O25
	C43H65O17N2S1P1
	C40H64O25
	/
	C41H68O20S2
	C40H64O25

	951.6026492
	C45H93O18P1
	/
	C45H93O18P1
	/
	C47H89O14N3S1
	C45H93O18P1

	918.2059079
	C39H41O23N3
	C39H41O23N3
	C39H41O23N3
	C39H41O23N3
	C31H55O22N1S2P2
	C39H41O23N3

	933.6073946
	C60H86O6S1
	/
	C49H91O14P1
	C49H91O14P1
	C48H93O8N3S2P1
	C49H91O14P1

	911.2068694
	C43H44O20S1
	C43H44O20S1
	C43H44O20S1
	/
	C35H48O22N2S2
	C43H44O20S1

	946.1696316
	C55H34O13N1P1
	C45H41O18N1S2
	C32H41O30N3
	/
	C41H44O18N2S2P1
	C32H41O30N3

	947.681392
	C59H96O7S1
	/
	/
	C59H98O5P2
	C50H99O9N3P2
	C51H102O7N2S1P2

	969.5492635
	C43H86O23
	/
	C43H86O23
	C46H87O15N2S1P1
	C47H89O13N1S1P2
	C44H90O18S2

	939.2540837
	C38H53O25P1
	/
	C38H53O25P1
	/
	C40H49O21N3S1
	C38H53O25P1

	936.2200327
	C44H43O22N1
	C39H23O27N1
	C44H43O22N1
	/
	C35H52O25S2
	C57H35O11N3

	933.2733323
	C47H51O18P1
	C47H51O18P1
	C47H51O18P1
	/
	C40H57O18N1S1P2
	/

	900.2756237
	C43H51O18N1S1
	C43H51O18N1S1
	C43H51O18N1S1
	/
	C39H54O18N2S1P1
	/

	963.551502
	C52H84O14S1
	/
	/
	/
	C44H90O14N2S1P2
	/



[bookmark: _Hlk180586132]Table S6 The data used for assessment incorrect rates under LT condition. Low-mass segments were labeled in red, medium-mass in green, high-mass in blue. Correctly assigned results were bolded, the slash indicated that unassigned MF.
	Mass
	Formularity
	TRFU
	ICBM
	MFAssignR
	NOMspectra
	TEnvR

	117.0016762
	C4H6O2S1
	C4H6O2S1
	C4H6O2S1
	C4H6O2S1
	C4H6O2S1
	/

	100.0404735
	C4H7O2N1
	C4H7O2N1
	C4H7O2N1
	/
	C4H7O2N1
	C4H7O2N1

	111.02819
	C5H5O2N1
	C5H5O2N1
	/
	/
	C5H5O2N1
	/

	115.0149541
	C3H4O3N2
	C3H4O3N2
	/
	C3H4O3N2
	/
	/

	102.0640957
	C5H10O2
	C5H10O2
	C5H10O2
	/
	C5H10O2
	/

	105.0015535
	C3H6O2S1
	C3H6O2S1
	C3H6O2S1
	C3H6O2S1
	C3H6O2S1
	/

	130.0333351
	C5H9O1N1S1
	C5H9O1N1S1
	C5H9O1N1S1
	C5H9O1N1S1
	C5H9O1N1S1
	/

	196.0694749
	C10H12O4
	C10H12O4
	C10H12O4
	/
	C10H12O4
	/

	130.0955155
	C7H14O2
	C7H14O2
	C7H14O2
	/
	C7H14O2
	/

	159.9643363
	C3H3O1N3S2
	C3H3O1N3S2
	/
	/
	/
	/

	102.0195755
	C3H5O3N1
	C3H5O3N1
	C3H5O3N1
	C3H5O3N1
	/
	/

	119.0349585
	C4H8O4
	C4H8O4
	C4H8O4
	C4H8O4
	/
	C4H8O4

	112.015186
	C3H3O2N3
	C3H3O2N3
	C3H3O2N3
	C3H3O2N3
	/
	/

	107.0172257
	C3H8O2S1
	C3H8O2S1
	C3H8O2S1
	/
	/
	/

	109.9996238
	C3H1O2N3
	C3H1O2N3
	/
	C3H1O2N3
	/
	/

	497.0924775
	C34H14O3N2
	C25H24O7P2
	C25H24O7P2
	C15H31O12S2P1
	C25H24O7P2
	C25H24O7P2

	499.0894496
	C35H17O2P1
	C25H24O7S2
	C14H29O15S1P1
	C25H24O7S2
	C21H27O7N1S2P1
	/

	497.0940175
	C21H22O14
	C21H22O14
	C21H22O14
	C21H22O14
	C25H25O4N1S1P2
	C21H22O14

	498.0920935
	C38H13O1N1
	C17H25O14N1S1
	/
	C17H25O14N1S1
	C17H25O14N1S1
	C17H25O14N1S1

	499.0911996
	C21H24O12S1
	C21H24O12S1
	C21H24O12S1
	C21H24O12S1
	C24H23O7N1P2
	/

	500.0890756
	C16H23O17N1
	C21H29O5N1S2P2
	C29H15O6N3
	C16H23O17N1
	C21H29O5N1S2P2
	/

	498.0941135
	C26H17O8N3
	C18H31O7N1S2P2
	/
	/
	C22H28O7S2P1
	C26H17O8N3

	498.0957035
	C34H14O3N2
	C24H22O9N1P1
	C24H22O9N1P1
	/
	C25H24O7P2
	/

	500.0908156
	C27H20O7N1P1
	/
	C27H20O7N1P1
	/
	C16H24O14N2S1
	/

	501.0863816
	C24H22O10S1
	C24H22O10S1
	C24H22O10S1
	/
	C20H25O10N1S1P1
	C24H22O10S1

	500.0927556
	C35H17O2P1
	C25H24O7S2
	C14H29O15S1P1
	/
	C21H27O7N1S2P1
	/

	499.0717895
	C33H12O4N2
	C24H22O8P2
	C24H22O8P2
	C14H29O13S2P1
	C15H23O12N3P2
	C24H22O8P2

	501.0882017
	C20H22O15
	C20H22O15
	C20H22O15
	C20H22O15
	C25H28O3S2P2
	C20H22O15

	499.0953196
	C38H13O1N1
	C17H25O14N1S1
	C18H28O12S2
	C18H28O12S2
	C17H25O14N1S1
	/

	471.1089701
	C27H20O8
	C27H20O8
	C27H20O8
	/
	C23H23O8N1P1
	/

	999.7980711
	C60H108O9N2
	/
	/
	C60H108O9N2
	/
	/

	934.206454
	C55H38O12N1P1
	C45H45O17N1S2
	C32H45O29N3
	/
	C44H42O19N2S1
	C32H45O29N3

	998.3637625
	C53H61O16N1S1
	C45H65O18N3S2
	C42H66O24N1P1
	/
	C43H68O22P2
	/

	961.6347401
	C65H86O6
	/
	/
	C57H90O8N2S1
	C47H97O14N1P2
	C65H86O6

	997.3559664
	C46H62O24
	C46H62O24
	C36H71O27S1P1
	/
	C37H63O28N3
	/

	970.1298315
	C49H33O19N1S1
	C38H38O27N1P1
	C38H38O27N1P1
	/
	C45H36O19N2S1P1
	C52H34O11N3S2P1

	952.2698534
	C46H51O19N1S1
	C46H51O19N1S1
	C35H56O27N1P1
	/
	C38H55O21N3S2
	C67H39O6N1

	994.7686707
	C54H110O12N1P1
	/
	/
	/
	/
	/

	983.6786235
	C53H96O14N2
	/
	/
	C53H96O14N2
	C49H99O14N3P1
	C53H96O14N2

	928.2682281
	C48H51O14N1S2
	C48H51O14N1S2
	C35H51O26N3
	C37H56O22N1S1P1
	C44H54O14N2S2P1
	C35H51O26N3

	974.2143262
	C50H41O20N1
	C42H45O22N3S1
	C29H53O33N1S1
	/
	C42H45O22N3S1
	C63H33O9N3

	935.3284508
	C55H52O14
	C47H56O16N2S1
	C34H64O27S1
	/
	C46H53O18N3
	C34H64O27S1

	968.3219606
	C36H63O23N3S2
	C44H59O21N1S1
	C33H64O29N1P1
	/
	C36H63O23N3S2
	C35H59O28N3

	994.9650619
	C65H125O3N3
	C40H21O27S1P1
	C40H21O27S1P1
	/
	C33H27O27N1S2P2
	C65H125O3N3

	946.2092367
	C42H47O20N1P2
	C42H47O20N1P2
	/
	/
	C37H45O24N3P1
	/




[bookmark: _Hlk180586123]Table S7 The data used for assessment incorrect rates under HT+C condition. Low-mass segments were labeled in red, medium-mass in green, high-mass in blue. Correctly assigned results were bolded, the slash indicated that unassigned MF.
	Mass
	Formularity
	TRFU
	ICBM
	MFAssignR
	NOMspectra
	TEnvR

	110.0610825
	C6H9O1N1
	C6H9O1N1
	C6H9O1N1
	C6H9O1N1
	C6H9O1N1
	C6H9O1N1

	115.0149511
	C3H4O3N2
	C3H4O3N2
	/
	C3H4O3N2
	/
	/

	143.9872511
	C3H3O2N3S1
	C3H3O2N3S1
	/
	/
	/
	/

	132.0383505
	C5H8O4
	C5H8O4
	C5H8O4
	/
	C5H8O4
	/

	165.0049774
	C5H10O2S2
	C5H10O2S2
	C5H10O2S2
	C5H10O2S2
	C5H10O2S2
	/

	141.0015159
	C6H6O2S1
	C6H6O2S1
	C6H6O2S1
	C6H6O2S1
	C6H6O2S1
	C6H6O2S1

	134.0359839
	C6H5O1N3
	C6H5O1N3
	C6H5O1N3
	C6H5O1N3
	C6H5O1N3
	C6H5O1N3

	132.0456005
	C8H7O1N1
	C8H7O1N1
	C8H7O1N1
	C8H7O1N1
	C8H7O1N1
	C8H7O1N1

	140.9983359
	C9H2O2
	/
	/
	/
	/
	/

	130.0874471
	C6H13O2N1
	C6H13O2N1
	C6H13O2N1
	C6H13O2N1
	C6H13O2N1
	C6H13O2N1

	104.0433921
	C4H8O3
	C4H8O3
	/
	/
	C4H8O3
	/

	125.0357484
	C5H6O2N2
	C5H6O2N2
	/
	C5H6O2N2
	C5H6O2N2
	/

	162.0279723
	C9H6O3
	/
	/
	/
	C5H9O3N1P1
	/

	139.9989942
	C5H3O4N1
	C5H3O4N1
	C5H3O4N1
	C5H3O4N1
	/
	/

	134.061194
	C8H9O1N1
	C8H9O1N1
	C8H9O1N1
	C8H9O1N1
	C8H9O1N1
	C8H9O1N1

	497.092861
	C24H19O11N1
	C25H24O7P2
	C25H24O7P2
	/
	C25H23O6N1S2
	C34H14O3N2

	504.3179735
	C25H47O9N1
	C25H47O9N1
	C25H47O9N1
	C25H47O9N1
	C25H47O9N1
	C25H47O9N1

	498.0924327
	C38H13O1N1
	C17H25O14N1S1
	C17H25O14N1S1
	C17H25O14N1S1
	C25H25O4N1S2P1
	C38H13O1N1

	471.1751562
	C36H24O1
	C17H33O11N2P1
	C36H24O1
	/
	C24H31O3N3S1P1
	C36H24O1

	505.3211652
	C25H47O9N1
	C25H47O9N1
	C25H47O9N1
	/
	C25H47O9N1
	/

	457.1142019
	C14H23O14N3
	C23H22O10
	C23H22O10
	C23H22O10
	C19H25O10N1P1
	C23H22O10

	498.0962227
	C24H22O9N1P1
	C24H22O9N1P1
	C24H22O9N1P1
	/
	C18H28O12S1P1
	/

	500.0894762
	C16H23O17N1
	C19H24O9N3S1P1
	/
	C16H23O17N1
	C24H23O7N1S1P1
	/

	459.1298354
	C23H24O10
	C23H24O10
	C23H24O10
	C23H24O10
	C19H27O10N1P1
	C23H24O10

	479.1196299
	C22H24O12
	C22H24O12
	C22H24O12
	C22H24O12
	C22H24O12
	C22H24O12

	462.3073909
	C23H45O8N1
	C23H45O8N1
	C23H45O8N1
	C23H45O8N1
	C23H45O8N1
	C23H45O8N1

	547.1246574
	C29H24O11
	C29H24O11
	C29H24O11
	C21H30O11N2P2
	C20H25O15N3
	C29H24O11

	547.1610275
	C30H28O10
	C30H28O10
	C30H28O10
	/
	C21H29O14N3
	C30H28O10

	455.1115285
	C20H25O10P1
	C20H25O10P1
	C20H25O10P1
	C20H25O10P1
	C23H26O2N2S1P2
	/

	535.1246267
	C28H24O11
	C28H24O11
	C28H24O11
	/
	C19H25O15N3
	C28H24O11

	957.2966358
	C53H50O17
	C45H54O19N2S1
	C32H62O30S1
	/
	C39H58O25P1
	/

	930.6813299
	C51H98O11N1P1
	/
	/
	C52H102O6N1S2P1
	C48H98O16
	C52H102O6N1S2P1

	909.5064433
	C44H78O19
	/
	C44H78O19
	/
	C44H78O19
	C44H78O19

	932.2821226
	C43H51O22N1
	C43H51O22N1
	C43H51O22N1
	/
	C47H52O14N2S2
	C56H43O11N3

	975.8786979
	C62H120O5S1
	C29H12O32N3S1P1
	/
	C62H120O5S1
	C34H11O30N1S1P1
	/

	943.8063625
	C62H108O2N2S1
	/
	/
	C62H108O2N2S1
	/
	/

	914.0992912
	C41H29O20N3S1
	C41H29O20N3S1
	C28H37O31N1S1
	/
	C41H29O20N3S1
	C49H25O18N1

	985.210494
	C52H43O18P1
	C41H46O28
	C31H55O31S1P1
	/
	C37H49O28N1P1
	C41H46O28

	969.4153168
	C47H70O19S1
	C47H70O19S1
	C36H75O27P1
	/
	C39H74O21N2S2
	C47H70O19S1

	951.3076555
	C51H52O18
	C43H56O20N2S1
	/
	/
	C39H59O20N3S1P1
	C64H44O7N2

	929.2131073
	C39H47O24P1
	C39H47O24P1
	C39H47O24P1
	C39H47O24P1
	C45H42O18N2P1
	C50H44O14P2

	953.2536888
	C46H50O20S1
	C46H50O20S1
	C35H55O28P1
	/
	C38H54O22N2S2
	C46H50O20S1

	985.7058949
	C62H99O7P1
	/
	/
	C62H99O7P1
	/
	/

	919.2279001
	C38H49O24P1
	C38H49O24P1
	C28H56O29S2
	/
	C40H45O20N3S1
	C38H49O24P1

	900.2211873
	C41H43O22N1
	C41H43O22N1
	C41H43O22N1
	C33H49O22N3P2
	C32H54O23S1P2
	C41H43O22N1





[bookmark: _Hlk180586114]Table S8 The data used for assessment incorrect rates under LT+C condition. Low-mass segments were labeled in red, medium-mass in green, high-mass in blue. Correctly assigned results were bolded, the slash indicated that unassigned MF.
	Mass
	Formularity
	TRFU
	ICBM
	MFAssignR
	NOMspectra
	TEnvR

	101.0065669
	C4H6O1S1
	C4H6O1S1
	/
	/
	C4H6O1S1
	/

	110.0327525
	C6H6O2
	C6H6O2
	/
	/
	C6H6O2
	/

	118.0589163
	C5H10O3
	/
	/
	/
	/
	/

	126.1005602
	C8H14O1
	C8H14O1
	/
	/
	C8H14O1
	/

	117.0345346
	C8H6O1
	C8H6O1
	/
	C8H6O1
	C8H6O1
	C8H6O1

	126.0641901
	C7H10O2
	C7H10O2
	/
	/
	C7H10O2
	/

	113.0032176
	C8H2O1
	/
	/
	/
	/
	/

	127.0223018
	C6H8O1S1
	C6H8O1S1
	/
	C6H8O1S1
	C6H8O1S1
	C6H8O1S1

	154.0873985
	C8H13O2N1
	C8H13O2N1
	/
	C8H13O2N1
	C8H13O2N1
	C8H13O2N1

	162.0230623
	C5H9O3N1S1
	C5H9O3N1S1
	NSP
	C5H9O3N1S1
	C5H9O3N1S1
	C5H9O3N1S1

	128.0433136
	C6H8O3
	C6H8O3
	/
	/
	C6H8O3
	/

	141.9699276
	C4H2O3N1P1
	C4H2O3N1P1
	NSP
	/
	C5H4O1P2
	/

	171.0199978
	C9H4O2N2
	C9H4O2N2
	/
	C9H4O2N2
	C9H4O2N2
	/

	153.0306267
	C6H6O3N2
	C6H6O3N2
	/
	C6H6O3N2
	C6H6O3N2
	C6H6O3N2

	118.0332163
	C4H9O1N1S1
	C4H9O1N1S1
	/
	C4H9O1N1S1
	/
	/

	497.092801
	C34H14O3N2
	C25H24O7P2
	C25H24O7P2
	/
	C25H23O6N1S2
	/

	499.0897744
	C17H30O7N2S2P2
	C17H30O7N2S2P2
	C35H17O2P1
	/
	C24H21O9N1S1
	/

	457.1141419
	C23H22O10
	C23H22O10
	C23H22O10
	C23H22O10
	C23H22O10
	C23H22O10

	459.1297654
	C23H24O10
	C23H24O10
	C23H24O10
	C23H24O10
	C23H24O10
	C23H24O10

	469.1423527
	C25H27O7P1
	C25H27O7P1
	C25H27O7P1
	C25H27O7P1
	/
	C25H27O7P1

	455.1115385
	C20H25O10P1
	C20H25O10P1
	C31H20O2S1
	C20H25O10P1
	C23H26O2N2S1P2
	/

	498.0924027
	C38H13O1N1
	C17H25O14N1S1
	/
	C17H25O14N1S1
	C25H25O4N1S2P1
	C17H25O14N1S1

	547.1610775
	C30H28O10
	C30H28O10
	C30H28O10
	C22H34O10N2P2
	C21H29O14N3
	C30H28O10

	547.1246874
	C29H24O11
	C29H24O11
	/
	C21H30O11N2P2
	C20H25O15N3
	C29H24O11

	493.3721446
	C30H54O3S1
	C30H54O3S1
	C30H54O3S1
	C30H54O3S1
	C30H54O3S1
	C30H54O3S1

	535.1610267
	C29H28O10
	C29H28O10
	/
	C29H28O10
	C20H29O14N3
	C29H28O10

	483.1297369
	C25H24O10
	C25H24O10
	C25H24O10
	C25H24O10
	C16H25O14N3
	C25H24O10

	499.1529745
	C26H29O8P1
	C26H29O8P1
	C26H29O8P1
	C26H29O8P1
	/
	C26H29O8P1

	549.1403409
	C29H26O11
	C29H26O11
	C29H26O11
	C21H32O11N2P2
	C20H27O15N3
	C29H26O11

	469.1140327
	C24H22O10
	C24H22O10
	C24H22O10
	C24H22O10
	C24H22O10
	C24H22O10

	914.8007624
	C58H109O4N1S1
	/
	/
	C58H109O4N1S1
	/
	/

	930.2807692
	C62H46O4N1S1P1
	C40H54O22N1P1
	C40H54O22N1P1
	/
	C43H55O14N3S1P2
	C43H55O14N3S1P2

	929.2719174
	C44H50O22
	C44H50O22
	C44H50O22
	C36H56O22N2P2
	C31H62O25S2P1
	C44H50O22

	914.2597515
	C36H53O24N1S1
	C38H50O21N3P1
	C27H53O31N3
	/
	C43H49O19N1P1
	C28H57O26N3S2

	917.1979966
	C54H34O13N2
	C45H44O17P2
	C45H44O17P2
	/
	C45H44O17P2
	C45H44O17P2

	960.2069409
	C42H44O22N2S1
	C43H47O20N1S2
	/
	/
	C47H46O18S1P1
	C30H47O32N3

	917.3233568
	C48H54O18
	C48H54O18
	C48H54O18
	/
	C36H61O20N3S1P1
	C61H46O7N2

	968.3230249
	C44H59O21N1S1
	C44H59O21N1S1
	C33H64O29N1P1
	/
	C40H62O21N2S1P1
	C65H47O8N1

	907.2725094
	C39H56O20S2
	C39H56O20S2
	C38H52O25
	C38H52O25
	C38H52O25
	C38H52O25

	979.5111242
	C47H80O21
	/
	C47H80O21
	/
	C39H84O23N2S1
	C47H80O21

	909.2091128
	C43H42O22
	C43H42O22
	C43H42O22
	C35H46O24N2S1
	C31H49O24N3S1P1
	C56H34O11N2

	911.3574265
	C54H57O11P1
	C44H66O14S1P2
	C31H64O28N2
	/
	C39H64O18N2S1P1
	C31H64O28N2

	911.1676162
	C45H36O21
	C45H36O21
	C45H36O21
	/
	C45H36O21
	C45H36O21

	910.2289445
	C38H46O21N3P1
	C38H46O21N3P1
	C36H49O24N1S1
	/
	C39H48O19N2P2
	C57H37O11N1

	902.2229707
	C49H46O10N1S2P1
	C36H46O22N3P1
	/
	/
	C38H51O18N1S1P2
	C38H51O18N1S1P2





[bookmark: _Hlk180586102]Table S9 The data used for assessment incorrect rates under D10 condition. Low-mass segments were labeled in red, medium-mass in green, high-mass in blue. Correctly assigned results were bolded, the slash indicated that unassigned MF.
	Mass
	Formularity
	TRFU
	ICBM
	MFAssignR
	NOMspectra
	TEnvR

	125.0066965
	C6H6O1S1
	C6H6O1S1
	C6H6O1S1
	C6H6O1S1
	C6H6O1S1
	C7H6O1

	197.064685
	C9H11O4N1
	/
	/
	/
	/
	/

	179.0020202
	C5H8O5S1
	C5H8O5S1
	C5H8O5S1
	C5H8O5S1
	/
	C6H8O5

	191.0570301
	C8H16O1S2
	C8H16O1S2
	C8H16O1S2
	C8H16O1S2
	C8H16O1S2
	/

	151.0069442
	C4H8O4S1
	C4H8O4S1
	C4H8O4S1
	C4H8O4S1
	/
	/

	153.0385327
	C7H7O3N1
	C7H7O3N1
	C7H7O3N1
	/
	C7H7O3N1
	/

	195.0249266
	C6H13O3S1P1
	C6H13O3S1P1
	C6H13O3S1P1
	C6H13O3S1P1
	/
	/

	198.023619
	C7H6O5N2
	C7H6O5N2
	/
	/
	C7H6O5N2
	/

	194.0610026
	C13H9O1N1
	C13H9O1N1
	C13H9O1N1
	C13H9O1N1
	C13H9O1N1
	C13H9O1N1

	179.0172803
	C9H8O2S1
	C9H8O2S1
	C9H8O2S1
	C9H8O2S1
	C9H8O2S1
	/

	134.0375339
	C4H10O2N1P1
	C4H10O2N1P1
	C4H10O2N1P1
	C4H10O2N1P1
	/
	/

	166.0446665
	C6H14O1S2
	C6H14O1S2
	C6H14O1S2
	/
	/
	/

	195.0133765
	C9H10O1P2
	C9H10O1P2
	C9H10O1P2
	C9H10O1P2
	C9H10O1P2
	/

	195.0520167
	C7H16O2S2
	C7H16O2S2
	C7H16O2S2
	/
	/
	/

	101.0244972
	C4H6O3
	C4H6O3
	C4H6O3
	C4H6O3
	C4H6O3
	/

	497.0926379
	C25H24O7P2
	C25H24O7P2
	C25H24O7P2
	/
	C25H23O6N1S2
	C25H24O7P2

	499.0896661
	C35H17O2P1
	C17H30O7N2S2P2
	C14H29O15S1P1
	/
	C17H30O7N2S2P2
	/

	498.092332
	C38H13O1N1
	C17H25O14N1S1
	/
	C17H25O14N1S1
	C25H25O4N1S2P1
	C38H13O1N1

	497.0943579
	C21H22O14
	C22H26O9S2
	C22H26O9S2
	/
	C22H26O9S2
	C23H26O9

	500.0892603
	C16H23O17N1
	C21H29O5N1S2P2
	C29H15O6N3
	C16H23O17N1
	C24H23O7N1S1P1
	/

	498.095872
	C25H24O7P2
	C24H22O9N1P1
	C24H22O9N1P1
	/
	C25H24O7P2
	/

	499.0915562
	C21H24O12S1
	C21H24O12S1
	C21H24O12S1
	C21H24O12S1
	C21H24O12S1
	/

	501.0865644
	C24H22O10S1
	C24H22O10S1
	C24H22O10S1
	/
	C16H28O10N2S1P2
	C25H22O10

	500.0929603
	C35H17O2P1
	C16H28O9N3S2P1
	C14H29O15S1P1
	/
	C17H30O7N2S2P2
	/

	498.094742
	C26H17O8N3
	C18H31O7N1S2P2
	/
	/
	C21H25O9N1S1P1
	C26H17O8N3

	499.0954162
	C38H13O1N1
	C18H28O12S2
	C18H28O12S2
	C18H28O12S2
	C17H25O14N1S1
	/

	500.0912303
	C27H20O7N1P1
	C17H29O10N1S1P2
	/
	C17H29O10N1S1P2
	C21H26O10S1P1
	/

	501.0886944
	C20H22O15
	C20H22O15
	C20H22O15
	C20H22O15
	C20H22O15
	/

	499.0720661
	C33H12O4N2
	C24H22O8P2
	C24H22O8P2
	/
	C24H21O7N1S2
	/

	502.0861686
	C20H27O8N1S1P2
	C20H27O8N1S1P2
	/
	/
	C27H18O10
	C21H27O8N1P2

	987.2554383
	C53H50O15P2
	C41H52O24N2S1
	/
	/
	C35H56O30P1
	C53H50O15P2

	988.7380445
	C58H104O9N1P1
	/
	/
	C61H105O1N3S1P2
	/
	/

	901.1803318
	C39H39O20N3S1
	C39H39O20N3S1
	C27H50O29S2
	/
	C36H45O18N3S2P1
	/

	975.1652183
	C46H40O22S1
	C46H40O22S1
	C35H45O30P1
	/
	C38H44O24N2S2
	C47H40O22

	916.0983236
	C39H36O19N1S2P1
	C38H32O24N1P1
	C38H32O24N1P1
	/
	C32H38O27S1P1
	/

	904.2745046
	C60H45O4N1P2
	C39H55O19N1S2
	C26H55O31N3
	/
	C38H52O21N2S1
	C53H49O6N3P2

	991.2403748
	C62H40O13
	C41H52O26S1
	C30H57O34P1
	C41H54O24P2
	C36H52O28N2P1
	C64H44O8

	932.1581001
	C49H31O17N3
	C36H39O28N1
	C36H39O28N1
	/
	C36H43O20N3S2P1
	C49H31O17N3

	915.1774998
	C48H36O19
	C40H40O21N2S1
	C27H48O32S1
	/
	C36H43O21N3S1P1
	C61H28O8N2

	916.2593842
	C46H48O17N1P1
	C46H48O17N1P1
	C46H48O17N1P1
	/
	C40H54O20S1P1
	/

	985.2266799
	C45H46O25
	C46H50O20S2
	C33H50O32N2
	/
	C42H53O20N1S2P1
	C56H43O15P1

	960.7920087
	C64H103O3N3
	/
	/
	/
	/
	/

	918.6308441
	C52H89O12N1
	/
	/
	C52H89O12N1
	C44H93O14N3S1
	C52H89O12N1

	966.2112412
	C49H47O14N1S1P2
	C38H50O24N1S1P1
	C36H45O28N3
	C36H45O28N3
	C41H51O16N3S2P2
	C36H45O28N3

	995.0498606
	C49H25O22P1
	C38H28O32
	C38H28O32
	/
	C39H32O27S2
	/





[bookmark: _Hlk180586094]Table S10 The data used for assessment incorrect rates under D100 condition. Low-mass segments were labeled in red, medium-mass in green, high-mass in blue. Correctly assigned results were bolded, the slash indicated that unassigned MF.
	Mass
	Formularity
	TRFU
	ICBM
	MFAssignR
	NOMspectra
	TEnvR

	165.0194323
	C8H6O4
	C8H6O4
	C8H6O4
	C8H6O4
	C8H6O4
	C8H6O4

	121.0294901
	C7H6O2
	C7H6O2
	C7H6O2
	C7H6O2
	C7H6O2
	C7H6O2

	166.0227564
	C8H6O4
	C8H6O4
	C8H6O4
	/
	C8H6O4
	/

	165.0412924
	C6H14O1S2
	C6H14O1S2
	C6H14O1S2
	/
	/
	/

	129.0557333
	C6H10O3
	C6H10O3
	C6H10O3
	C6H10O3
	C6H10O3
	C6H10O3

	122.0328442
	C7H6O2
	C7H6O2
	C7H6O2
	/
	C7H6O2
	/

	157.0506993
	C7H10O4
	C7H10O4
	C7H10O4
	C7H10O4
	C7H10O4
	C7H10O4

	187.0612836
	C8H12O5
	C8H12O5
	C8H12O5
	C8H12O5
	C8H12O5
	C8H12O5

	109.0406904
	C5H6O1N2
	C5H6O1N2
	C5H6O1N2
	C5H6O1N2
	C5H6O1N2
	C5H6O1N2

	189.0769419
	C8H14O5
	C8H14O5
	C8H14O5
	C8H14O5
	C8H14O5
	C8H14O5

	179.0350603
	C9H8O4
	C9H8O4
	C9H8O4
	C9H8O4
	C9H8O4
	C9H8O4

	138.0197004
	C6H5O3N1
	C6H5O3N1
	C6H5O3N1
	C6H5O3N1
	C6H5O3N1
	C6H5O3N1

	177.0921723
	C11H14O2
	C11H14O2
	C11H14O2
	C11H14O2
	C11H14O2
	C11H14O2

	149.009996
	C5H10O1S2
	C5H10O1S2
	C5H10O1S2
	C5H10O1S2
	C5H10O1S2
	/

	122.0359742
	C5H5O1N3
	C5H5O1N3
	C5H5O1N3
	C5H5O1N3
	C5H5O1N3
	/

	497.0928479
	C34H14O3N2
	C25H24O7P2
	C25H24O7P2
	/
	C25H23O6N1S2
	C34H14O3N2

	499.0899261
	C25H26O5S1P2
	C25H26O5S1P2
	/
	C17H30O7N2S2P2
	C24H21O9N1S1
	/

	498.092552
	C38H13O1N1
	C17H25O14N1S1
	C17H25O14N1S1
	C17H25O14N1S1
	C21H28O4N2S2P2
	C38H13O1N1

	497.0943779
	C21H22O14
	C22H26O9S2
	/
	C13H28O14N2P2
	C22H26O9S2
	C22H26O9S2

	500.0894703
	C16H23O17N1
	C19H24O9N3S1P1
	/
	C16H23O17N1
	C24H23O7N1S1P1
	/

	498.095952
	C34H14O3N2
	C24H22O9N1P1
	C24H22O9N1P1
	C24H22O9N1P1
	C25H24O7P2
	/

	499.0917062
	C21H24O12S1
	C21H24O12S1
	C21H24O12S1
	C21H24O12S1
	C21H24O12S1
	/

	501.0867644
	C24H22O10S1
	C16H28O10N2S1P2
	/
	C14H31O13S2P1
	C23H19O12N1
	C14H31O13S2P1

	498.095012
	C27H21O3N3S2
	C16H26O11N3S1P1
	/
	/
	C17H28O9N2S1P2
	C27H21O3N3S2

	500.0931003
	C25H26O5S1P2
	C16H28O9N3S2P1
	C34H15O4N1
	C16H28O9N3S2P1
	C17H30O7N2S2P2
	/

	499.0722961
	C20H20O15
	/
	C33H12O4N2
	/
	C20H24O7N2S2P1
	C33H12O4N2

	499.0955462
	C38H13O1N1
	/
	C17H25O14N1S1
	/
	C17H25O14N1S1
	/

	500.0915203
	C28H24O2N1S2P1
	C17H29O10N1S1P2
	/
	/
	C24H20O12
	/

	501.0887444
	C20H22O15
	C20H22O15
	C20H22O15
	C20H22O15
	C20H22O15
	/

	501.0691343
	C24H24O6S1P2
	C24H24O6S1P2
	/
	C16H28O8N2S2P2
	C23H19O10N1S1
	/

	930.1698019
	C39H37O24N3
	C39H37O24N3
	C39H37O24N3
	/
	C38H42O25S1
	C39H37O24N3

	937.3018214
	C61H46O10
	C42H55O20N2P1
	C40H58O23S1
	/
	C31H59O27N3S1
	C61H46O10

	943.8105684
	C56H113O8P1
	/
	/
	C56H113O8P1
	/
	/

	967.4611363
	C41H76O25
	C44H77O17N2S1P1
	C41H76O25
	/
	C42H80O20S2
	C42H80O20S2

	972.207296
	C53H39O14N3S1
	C42H44O22N3P1
	C31H47O32N3
	/
	C44H49O18N1S1P2
	C31H47O32N3

	969.1176332
	C50H36O15S1P2
	C37H34O29N2
	C28H44O33P2
	/
	C29H48O28S2P2
	C37H34O29N2

	947.1890624
	C45H40O23
	C45H40O23
	C35H49O26S1P1
	/
	C41H43O23N1P1
	C45H40O23

	918.7495346
	C66H97O1N1
	/
	/
	C58H101O3N3S1
	/
	/

	920.7306028
	C55H104O5N1S1P1
	/
	/
	/
	/
	/

	928.3846545
	C61H55O8N1
	C42H64O18N3P1
	C40H67O21N1S1
	/
	C47H63O16N1P1
	/

	938.3903959
	C59H57O10N1
	C40H66O20N3P1
	C38H69O23N1S1
	/
	C41H68O18N2P2
	C59H57O10N1

	983.4295125
	C62H65O9P1
	C43H74O19N2P2
	C39H72O26N2
	/
	C48H75O14N1S2P1
	C62H65O9P1

	935.4188636
	C49H64O16N2
	C49H64O16N2
	C36H72O27
	/
	C44H72O17S1P1
	C36H72O27

	900.1814976
	C45H41O16S1P1
	C44H39O18N1S1
	C33H44O26N1P1
	C33H44O26N1P1
	C34H46O24P2
	C44H39O18N1S1

	995.4007221
	C62H60O12
	C45H74O18S1P2
	C41H72O25S1
	/
	C44H71O20N1P2
	C41H72O25S1




[bookmark: _Hlk180586080]Table S11 The data used for assessment incorrect rates under D1000 condition. Low-mass segments were labeled in red, medium-mass in green, high-mass in blue. Correctly assigned results were bolded, the slash indicated that unassigned MF.
	Mass
	Formularity
	TRFU
	ICBM
	MFAssignR
	NOMspectra
	TEnvR

	102.0560252
	C4H9O2N1
	C4H9O2N1
	C4H9O2N1
	C4H9O2N1
	/
	C4H9O2N1

	100.0404312
	C4H7O2N1
	C4H7O2N1
	C4H7O2N1
	/
	C4H7O2N1
	C4H7O2N1

	109.0659437
	C7H10O1
	C7H10O1
	C7H10O1
	C7H10O1
	C7H10O1
	/

	110.0360805
	C4H5O1N3
	C4H5O1N3
	C4H5O1N3
	C4H5O1N3
	C4H5O1N3
	/

	152.0101012
	C6H5O1N2P1
	C6H5O1N2P1
	/
	C5H3O3N3
	/
	/

	140.1161188
	C9H16O1
	C9H16O1
	C9H16O1
	/
	C9H16O1
	/

	112.0484644
	C6H8O2
	C6H8O2
	/
	/
	C6H8O2
	/

	109.0295735
	C6H6O2
	C6H6O2
	C6H6O2
	C6H6O2
	C6H6O2
	/

	116.0828223
	C4H11O1N3
	/
	C4H11O1N3
	/
	/
	/

	121.0236766
	C5H3O1N3
	C5H3O1N3
	/
	/
	/
	/

	116.035402
	C4H7O3N1
	C4H7O3N1
	C4H7O3N1
	C4H7O3N1
	C4H7O3N1
	/

	151.0038342
	C7H4O4
	/
	/
	C7H4O4
	C7H4O4
	/

	145.0659831
	C10H10O1
	C10H10O1
	C10H10O1
	C10H10O1
	C10H10O1
	C10H10O1

	156.021879
	C6H8O2N1P1
	C6H8O2N1P1
	C6H8O2N1P1
	C6H8O2N1P1
	/
	/

	110.0248504
	C5H5O2N1
	C5H5O2N1
	C5H5O2N1
	C5H5O2N1
	C5H5O2N1
	/

	497.0928012
	C34H14O3N2
	C25H24O7P2
	C25H24O7P2
	C25H24O7P2
	C25H23O6N1S2
	/

	499.0898951
	C25H26O5S1P2
	C25H26O5S1P2
	/
	/
	C24H21O9N1S1
	/

	498.0925182
	C38H13O1N1
	C17H25O14N1S1
	C17H25O14N1S1
	C17H25O14N1S1
	C21H28O4N2S2P2
	C38H13O1N1

	500.089432
	C16H23O17N1
	C19H24O9N3S1P1
	/
	C16H23O17N1
	C24H23O7N1S1P1
	/

	498.0958482
	C34H14O3N2
	C24H22O9N1P1
	C24H22O9N1P1
	/
	C25H24O7P2
	/

	501.0867089
	C24H22O10S1
	C16H28O10N2S1P2
	/
	C16H28O10N2S1P2
	C16H28O10N2S1P2
	C14H31O13S2P1

	500.093022
	C25H26O5S1P2
	C16H28O9N3S2P1
	C34H15O4N1
	/
	C17H30O7N2S2P2
	/

	499.0953751
	C38H13O1N1
	C18H28O12S2
	C17H25O14N1S1
	C18H28O12S2
	C17H25O14N1S1
	C28H21O7P1

	498.0938782
	C26H17O8N3
	C17H27O12N1P2
	/
	C26H17O8N3
	C17H26O11N2S2
	/

	499.072325
	C20H20O15
	/
	/
	/
	C20H24O7N2S2P1
	C33H12O4N2

	501.0927289
	C16H23O17N1
	C19H24O9N3S1P1
	C28H23O5S1P1
	/
	C21H29O5N1S2P2
	/

	501.0888289
	C20H22O15
	C20H22O15
	C20H22O15
	C20H22O15
	C16H25O15N1P1
	C20H22O15

	501.0690888
	C24H24O6S1P2
	C16H28O8N2S2P2
	C34H15O3P1
	/
	C23H19O10N1S1
	/

	502.0900159
	C24H22O10S1
	C15H26O12N3S1P1
	/
	/
	C16H28O10N2S1P2
	/

	499.0965851
	C27H20O6N2S1
	C16H25O14N2P1
	/
	C18H30O10S1P2
	C21H24O12P1
	C27H20O6N2S1

	989.6069624
	C62H87O8P1
	/
	/
	/
	C48H97O13N1S2P1
	/

	944.8109322
	C59H111O5N1S1
	/
	/
	/
	/
	/

	965.4715153
	C44H74O21N2
	C45H78O16N2S2
	C44H74O21N2
	/
	C48H77O11N3S1P2
	/

	931.366779
	C52H56O14N2
	C50H61O15P1
	C39H64O25
	C40H68O20S2
	C43H67O15N1S1P2
	C39H64O25

	923.415164
	C54H69O7S2P1
	C41H69O19N2P1
	/
	/
	C43H74O15S1P2
	C43H74O15S1P2

	959.2857024
	C42H56O23S1
	C42H56O23S1
	C31H61O31P1
	/
	C30H63O25N3S2P1
	/

	913.5197354
	C65H70O4
	/
	C44H82O17S1
	/
	C47H81O12N1P2
	C44H82O17S1

	937.3862107
	C49H62O18
	C49H62O18
	C49H62O18
	/
	C36H74O21S2P1
	C49H62O18

	968.2295744
	C45H47O21N1S1
	C45H47O21N1S1
	C34H52O29N1P1
	/
	C44H44O23N2
	/

	901.18063
	C48H38O16S1
	C37H43O24P1
	C27H50O29S2
	/
	C36H45O18N3S2P1
	C27H50O29S2

	915.3165779
	C59H48O10
	C40H57O20N2P1
	C29H60O30N2
	/
	C45H56O18P1
	/

	941.3351981
	C62H56O3S1P2
	C49H54O17N2
	C36H62O28
	/
	C32H69O20N3S2P2
	C36H62O28

	932.2753653
	C43H52O20N1P1
	C43H52O20N1P1
	C43H52O20N1P1
	/
	C37H58O23S1P1
	C46H53O12N3S1P2

	956.3489821
	C46H59O17N3S1
	C46H59O17N3S1
	C33H67O28N1S1
	/
	C40H63O23N1P1
	/

	929.5326063
	C44H82O20
	/
	C44H82O20
	/
	C44H82O20
	C44H82O20
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