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Figure S1. Habitat map of Gobiocypris rarus.
Table S1. Classification and encoding of life stage. Not mentioned refers to the absence of life stage in the data set.
	Code
	Life stage

	1
	Egg, Embryo

	2
	Larva, Juvenile, Young of year

	3
	Adult, Mature

	4
	Not mentioned



Table S2. Original data collected for Acute ML-QSAR modeling.
	CAS number
	Chemicals
	SMILES
	Life stage
	Concentration mg/L

	10108-64-2
	CdCl2
	[Cl-].[Cl-].[Cd+2]
	1
	0.219

	10108-64-2
	CdCl2
	[Cl-].[Cl-].[Cd+2]
	1
	58.96

	10108-64-2
	CdCl2
	[Cl-].[Cl-].[Cd+2]
	1
	131.8

	10325-94-7
	CdN2O6
	[N+](=O)([O-])[O-].[N+](=O)([O-])[O-].[Cd+2]  
	4
	7.5

	10325-94-7
	CdN2O6
	[N+](=O)([O-])[O-].[N+](=O)([O-])[O-].[Cd+2]  
	4
	7.5

	10325-94-7
	CdN2O6
	[N+](=O)([O-])[O-].[N+](=O)([O-])[O-].[Cd+2]  
	4
	7.5

	10325-94-7
	CdN2O6
	[N+](=O)([O-])[O-].[N+](=O)([O-])[O-].[Cd+2]  
	4
	5.36

	107534-96-3
	C16H22ClN3O
	 CC1=CC=C(C=C1)N2C=NC3=C2C=CC=C3CC(=O)NC4=CC=C(C=C4)Cl
	1
	10.24

	107534-96-3
	C16H22ClN3O
	 CC1=CC=C(C=C1)N2C=NC3=C2C=CC=C3CC(=O)NC4=CC=C(C=C4)Cl
	1
	4.07

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=C(C=C3)C#N)O
	2
	16.73

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=C(C=C3)C#N)O
	2
	28.41

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=C(C=C3)C#N)O
	1
	6.95

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=C(C=C3)C#N)O
	3
	11.38

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=C(C=C3)C#N)O
	2
	4.13

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=C(C=C3)C#N)O
	2
	5.86

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=C(C=C3)C#N)O
	3
	3.48

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=C(C=C3)C#N)O
	1
	6.69

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=CC=C3)O
	2
	11.38

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=CC=C3)O
	2
	6.95

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=CC=C3)O
	1
	16.73

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=CC=C3)O
	1
	28.41

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=CC=C3)O
	2
	4.13

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=CC=C3)O
	2
	5.86

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=CC=C3)O
	3
	3.48

	112281-77-3
	C13H11Cl2F4N3O
	FC(F)(F)C1=CC(=C(C=C1Cl)Cl)C2=NN=C(C=C2C3=CC=CC=C3)O
	3
	6.69

	153719-23-4
	C8H10ClN5O3S
	CC©©C1=NN(C(=O)NC1=O)S(=O)(=O)NC2=NC=C(N=C2)Cl
	1
	385.7

	153719-23-4
	C8H10ClN5O3S
	CC©©C1=NN(C(=O)NC1=O)S(=O)(=O)NC2=NC=C(N=C2)Cl
	1
	351.9

	153719-23-4
	C8H10ClN5O3S
	CC©©C1=NN(C(=O)NC1=O)S(=O)(=O)NC2=NC=C(N=C2)Cl
	2
	37.85

	153719-23-4
	C8H10ClN5O3S
	CC©©C1=NN(C(=O)NC1=O)S(=O)(=O)NC2=NC=C(N=C2)Cl
	3
	83.71

	153719-23-4
	C8H10ClN5O3S
	CC©©C1=NN(C(=O)NC1=O)S(=O)(=O)NC2=NC=C(N=C2)Cl
	3
	142.1

	153719-23-4
	C8H10ClN5O3S
	CC©©C1=NN(C(=O)NC1=O)S(=O)(=O)NC2=NC=C(N=C2)Cl
	1
	385.7

	153719-23-4
	C8H10ClN5O3S
	CC©©C1=NN(C(=O)NC1=O)S(=O)(=O)NC2=NC=C(N=C2)Cl
	2
	201.6

	153719-23-4
	C8H10ClN5O3S
	CC©©C1=NN(C(=O)NC1=O)S(=O)(=O)NC2=NC=C(N=C2)Cl
	2
	54.67

	43121-43-3
	C14H16ClN3O2
	O=C(C(=O)NC1CCCN1)C1CCC(Cl)CC1
	1
	14.2

	7487-94-7
	HgCl2
	[Cl-].[Cl-].[Hg+2]
	4
	0.15

	7487-94-7
	HgCl2
	[Cl-].[Cl-].[Hg+2]
	4
	0.1

	7646-85-7
	ZnCl2
	[Cl-].[Cl-].[Zn+2]
	4
	15

	7646-85-7
	ZnCl2
	[Cl-].[Cl-].[Zn+2]
	4
	12.74

	7733-02-0
	ZnSO4
	[O-]S(=O)(=O)[O-].[Zn+2]
	1
	0.531

	7758-98-7
	CuSO4
	[O-]S(=O)(=O)[O-].[Cu+2]
	1
	0.1105

	7758-98-7
	CuSO4
	[O-]S(=O)(=O)[O-].[Cu+2]
	1
	0.125

	7758-98-7
	CuSO4
	[O-]S(=O)(=O)[O-].[Cu+2]
	1
	0.225

	7758-98-7
	CuSO4
	[O-]S(=O)(=O)[O-].[Cu+2]
	1
	0.148

	7758-98-7
	CuSO4
	[O-]S(=O)(=O)[O-].[Cu+2]
	1
	0.2

	86386-73-4
	C13H12F2N6O
	CN1C=C(N=N1)C©©S(=O)(=O)NC2=CC(=C(C=C2)C(F)F)C(=O)N3CCN(CC3)C
	1
	3.83

	86386-73-4
	C13H12F2N6O
	CN1C=C(N=N1)C©©S(=O)(=O)NC2=CC(=C(C=C2)C(F)F)C(=O)N3CCN(CC3)C
	1
	4.91

	86386-73-4
	C13H12F2N6O
	CN1C=C(N=N1)C©©S(=O)(=O)NC2=CC(=C(C=C2)C(F)F)C(=O)N3CCN(CC3)C
	1
	3.83

	88671-89-0
	C15H17ClN4
	C1=CC(=CC=C1C(=O)NCCC2=CN=CN2)Cl
	1
	3.88

	88671-89-0
	C15H17ClN4
	C1=CC(=CC=C1C(=O)NCCC2=CN=CN2)Cl
	1
	6.61




Table S3. Original data collected for Chronic ML-QSAR modeling.
	CAS number
	Chemicals
	SMILES
	Life stage
	Concentration mg/L

	10108-64-2
	CdCl2
	[Cl-].[Cl-].[Cd+2]  
	1
	0.138

	10108-64-2
	CdCl2
	[Cl-].[Cl-].[Cd+2]  
	1
	0.019

	10325-94-7
	CdN2O6
	[N+](=O)([O-])[O-].[N+](=O)([O-])[O-].[Cd+2]  
	4
	2.6

	10325-94-7
	CdN2O6
	[N+](=O)([O-])[O-].[N+](=O)([O-])[O-].[Cd+2]  
	4
	2.5

	1163-19-5
	C12Br10O
	C1(=C(C(=C(C(=C1Br)Br)Br)Br)Br)OC2=C(C(=C(C(=C2Br)Br)Br)Br)Br 
	2
	0.01

	1163-19-5
	C12Br10O
	C1(=C(C(=C(C(=C1Br)Br)Br)Br)Br)OC2=C(C(=C(C(=C2Br)Br)Br)Br)Br 
	2
	0.01

	1163-19-5
	C12Br10O
	C1(=C(C(=C(C(=C1Br)Br)Br)Br)Br)OC2=C(C(=C(C(=C2Br)Br)Br)Br)Br 
	3
	0.0001

	1163-19-5
	C12Br10O
	C1(=C(C(=C(C(=C1Br)Br)Br)Br)Br)OC2=C(C(=C(C(=C2Br)Br)Br)Br)Br 
	3
	0.001

	117-81-7
	C24H38O4
	CCCCC(CC)COC(=O)C1=CC=CC=C1C(=O)OCC(CC)CCCC  
	2
	0.0133

	117-81-7
	C24H38O4
	CCCCC(CC)COC(=O)C1=CC=CC=C1C(=O)OCC(CC)CCCC  
	2
	0.0408

	117-81-7
	C24H38O4
	CCCCC(CC)COC(=O)C1=CC=CC=C1C(=O)OCC(CC)CCCC  
	3
	0.0394

	117-81-7
	C24H38O4
	CCCCC(CC)COC(=O)C1=CC=CC=C1C(=O)OCC(CC)CCCC  
	3
	0.1176

	133855-98-8
	C17H13ClFN3O
	C1=CC=C(C(=C1)[C@@H]2[C@@](O2)(CN3C=NC=N3)C4=CC=C(C=C4)F)Cl  
	1
	1

	133855-98-8
	C17H13ClFN3O
	C1=CC=C(C(=C1)[C@@H]2[C@@](O2)(CN3C=NC=N3)C4=CC=C(C=C4)F)Cl  
	1
	0.2

	138261-41-3
	C9H10ClN5O2
	C1CN(C(=N1)N[N+](=O)[O-])CC2=CN=C(C=C2)Cl  
	2
	0.5

	138261-41-3
	C9H10ClN5O2
	C1CN(C(=N1)N[N+](=O)[O-])CC2=CN=C(C=C2)Cl  
	2
	0.1

	141517-21-7
	C20H19F3N2O4
	CC(=NOCC1=CC=CC=C1C(=NOC)C(=O)OC)C2=CC(=CC=C2)C(F)(F)F 
	1
	0.000513

	141517-21-7
	C20H19F3N2O4
	CC(=NOCC1=CC=CC=C1C(=NOC)C(=O)OC)C2=CC(=CC=C2)C(F)(F)F 
	1
	0.000513

	150824-47-8
	C11H15ClN4O2
	CCN(CC1=CN=C(C=C1)Cl)C(=C[N+](=O)[O-])NC  
	2
	2

	150824-47-8
	C11H15ClN4O2
	CCN(CC1=CN=C(C=C1)Cl)C(=C[N+](=O)[O-])NC  
	2
	0.5

	153719-23-4
	C8H10ClN5O3S
	CN1COCN(C1=N[N+](=O)[O-])CC2=CN=C(S2)Cl  
	4
	0.04615

	153719-23-4
	C8H10ClN5O3S
	CN1COCN(C1=N[N+](=O)[O-])CC2=CN=C(S2)Cl  
	4
	0.00048

	165252-70-0
	C7H14N4O3
	CN=C(NCC1CCOC1)N[N+](=O)[O-]  
	2
	2

	165252-70-0
	C7H14N4O3
	CN=C(NCC1CCOC1)N[N+](=O)[O-]  
	2
	0.5

	298-46-4
	C15H12N2O
	C1=CC=C2C(=C1)C=CC3=CC=CC=C3N2C(=O)N  
	3
	0.00091

	298-46-4
	C15H12N2O
	C1=CC=C2C(=C1)C=CC3=CC=CC=C3N2C(=O)N  
	2
	0.00875

	298-46-4
	C15H12N2O
	C1=CC=C2C(=C1)C=CC3=CC=CC=C3N2C(=O)N  
	3
	0.0829

	298-46-4
	C15H12N2O
	C1=CC=C2C(=C1)C=CC3=CC=CC=C3N2C(=O)N  
	2
	0.0822

	307-55-1
	C12HF23O2
	C(=O)(C(C(C(C(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)O  
	4
	15

	307-55-1
	C12HF23O2
	C(=O)(C(C(C(C(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)O  
	4
	15

	335-67-1
	C8HF15O2
	C(=O)(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)O  
	3
	3

	335-67-1
	C8HF15O2
	C(=O)(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)O  
	3
	10

	335-67-1
	C8HF15O2
	C(=O)(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)O  
	3
	30

	335-67-1
	C8HF15O2
	C(=O)(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)O  
	3
	3

	335-76-2
	C10HF19O2
	C(=O)(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)O  
	3
	15

	335-76-2
	C10HF19O2
	C(=O)(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)O  
	3
	15

	375-95-1
	CF3(CF2)7COOH
	 C(=O)(C(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)O  
	3
	15

	375-95-1
	CF3(CF2)7COOH
	 C(=O)(C(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)O  
	3
	15

	43121-43-3
	C14H16ClN3O2
	CC(C)(C)C(=O)C(N1C=NC=N1)OC2=CC=C(C=C2)Cl
	2
	0.001

	43121-43-3
	C14H16ClN3O2
	CC(C)(C)C(=O)C(N1C=NC=N1)OC2=CC=C(C=C2)Cl
	2
	0.001

	50-28-2
	C18H24O2
	CC12CCC3C(C1CCC2O)CCC4=C3C=CC(=C4)O  
	3
	0.0001

	50-28-2
	C18H24O2
	CC12CCC3C(C1CCC2O)CCC4=C3C=CC(=C4)O  
	3
	0.0001

	57-63-6
	C20H24O2
	C[C@]12CC[C@H]3[C@H]([C@@H]1CC[C@]2(C#C)O)CCC4=C3C=CC(=C4)O  
	3
	0.000001

	57-63-6
	C20H24O2
	C[C@]12CC[C@H]3[C@H]([C@@H]1CC[C@]2(C#C)O)CCC4=C3C=CC(=C4)O  
	2
	0.000296409

	678-39-7
	C10H5F17O
	C(CO)C(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F  
	3
	15

	678-39-7
	C10H5F17O
	C(CO)C(C(C(C(C(C(C(C(F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F)(F)F  
	3
	15

	68694-11-1
	C15H15ClF3N3O
	CCCOCC(=NC1=C(C=C(C=C1)Cl)C(F)(F)F)N2C=CN=C2 
	1
	1

	68694-11-1
	C15H15ClF3N3O
	CCCOCC(=NC1=C(C=C(C=C1)Cl)C(F)(F)F)N2C=CN=C2 
	1
	0.2

	72-55-9
	C14H8Cl4
	C1=CC(=CC=C1C(=C(Cl)Cl)C2=CC=C(C=C2)Cl)Cl  
	3
	0.05

	72-55-9
	C14H8Cl4
	C1=CC(=CC=C1C(=C(Cl)Cl)C2=CC=C(C=C2)Cl)Cl  
	3
	0.01

	763-23-1
	C8HF17O3S
	C(C(C(C(C(F)(F)S(=O)(=O)O)(F)F)(F)F)(F)F)(C(C(C(F)(F)F)(F)F)(F)F)(F)F  
	3
	15

	763-23-1
	C8HF17O3S
	C(C(C(C(C(F)(F)S(=O)(=O)O)(F)F)(F)F)(F)F)(C(C(C(F)(F)F)(F)F)(F)F)(F)F  
	3
	15

	7733-02-0
	ZnSO4
	[O-]S(=O)(=O)[O-].[Zn+2]  
	1
	0.002

	7733-02-0
	ZnSO4
	[O-]S(=O)(=O)[O-].[Zn+2]  
	1
	0.372

	7733-02-0
	ZnSO4
	[O-]S(=O)(=O)[O-].[Zn+2]  
	1
	0.051

	7758-98-7
	CuSO4
	[O-]S(=O)(=O)[O-].[Cu+2]  
	1
	0.002

	7758-98-7
	CuSO4
	[O-]S(=O)(=O)[O-].[Cu+2]  
	1
	0.051

	7758-98-7
	CuSO4
	[O-]S(=O)(=O)[O-].[Cu+2]  
	1
	0.019

	85509-19-9
	C16H15F2N3Si
	C[Si](CN1C=NC=N1)(C2=CC=C(C=C2)F)C3=CC=C(C=C3)F  
	1
	5

	85509-19-9
	C16H15F2N3Si
	C[Si](CN1C=NC=N1)(C2=CC=C(C=C2)F)C3=CC=C(C=C3)F  
	1
	1

	86386-73-4
	C13H12F2N6O
	C1=CC(=C(C=C1F)F)C(CN2C=NC=N2)(CN3C=NC=N3)O  
	1
	0.2

	86386-73-4
	C13H12F2N6O
	C1=CC(=C(C=C1F)F)C(CN2C=NC=N2)(CN3C=NC=N3)O  
	1
	1

	86386-73-4
	C13H12F2N6O
	C1=CC(=C(C=C1F)F)C(CN2C=NC=N2)(CN3C=NC=N3)O
	1
	1

	86386-73-4
	C13H12F2N6O
	C1=CC(=C(C=C1F)F)C(CN2C=NC=N2)(CN3C=NC=N3)O
	1
	0.2

	86386-73-4
	C13H12F2N6O
	C1=CC(=C(C=C1F)F)C(CN2C=NC=N2)(CN3C=NC=N3)O
	1
	0.2

	88671-89-0
	C15H17ClN4
	CCCCC(CN1C=NC=N1)(C#N)C2=CC=C(C=C2)Cl  
	1
	1

	88671-89-0
	C15H17ClN4
	CCCCC(CN1C=NC=N1)(C#N)C2=CC=C(C=C2)Cl  
	1
	0.2




Table S4. The molecular descriptors used in the ML-QSAR model.

	Abbreviation
	Classification
	Description
	Property affecting toxicity

	ATSC0Z
	Acute
	Centered Moreau-Broto Autocorrelation of Lag 0 Weighted by Atomic Number
	Molecular electronic distribution and interactions with biological targets.

	ATSC2v
	Acute
	Centered Moreau-Broto Autocorrelation of Lag 2 Weighted by VDW Volume
	Molecular spatial distribution and binding affinity.

	ATSC8v
	Acute
	Centered Moreau-Broto Autocorrelation of Lag 8 Weighted by VDW Volume
	Long-range molecular interactions and stability.

	AATSC8se
	Acute
	Averaged and Centered Moreau-Broto Autocorrelation of Lag 8 Weighted by Sanderson EN
	Molecular polarity and hydrogen bonding.

	AATSC8p
	Acute
	Averaged and Centered Moreau-Broto Autocorrelation of Lag 8 Weighted by Polarizability
	Molecular response to electric fields and target binding.

	WPSA5
	Acute/Chronic
	Surface Weighted Charged Partial Positive Surface Area (Version 5)
	Electrostatic interactions with negatively charged targets.

	CIC0
	Acute
	0-Ordered Complementary Information Content
	Molecular topology and metabolic pathways.

	CIC3
	Acute
	3-Ordered Complementary Information Content
	High-order molecular topology and specific binding.

	MIC0
	Acute
	0-Ordered Modified Information Content
	Molecular diversity and distribution in biological systems.

	SMR
	Acute
	MOE MR VSA Descriptor
	Molecular refractivity and solubility.

	JGI10
	Acute
	10-Ordered Mean Topological Charge
	Charge distribution and interactions with biological targets.

	SRW10
	Acute
	Walk Count (Leg-10, Only Self-Returning Walk)
	Molecular conformation stability and bioactivity.

	ATS1m
	Chronic
	Moreau-Broto Autocorrelation of Lag 1 Weighted by Mass
	Molecular mass distribution and transport in organisms.

	ATS8are
	Chronic
	Moreau-Broto Autocorrelation of Lag 8 Weighted by Allred-Rocow EN
	Molecular electronegativity and interactions with targets.

	ATSC1pe
	Chronic
	Moreau-Broto Autocorrelation of Lag 1 Weighted by Pauling EN
	Electronegativity and hydrogen/electrostatic interactions.

	ATSC2pe
	Chronic
	Moreau-Broto Autocorrelation of Lag 2 Weighted by Pauling EN
	Long-range electronegativity effects on molecular interactions.

	ATSC1p
	Chronic
	Moreau-Broto Autocorrelation of Lag 1 Weighted by Polarizability
	Molecular polarizability and binding affinity.

	ATSC0i
	Chronic
	Moreau-Broto Autocorrelation of Lag 0 Weighted by Ionization Potential
	Molecular redox reactions and electron transfer.

	ATSC2i
	Chronic
	Moreau-Broto Autocorrelation of Lag 2 Weighted by Ionization Potential
	Electron interactions with biological targets.

	C1SP2
	Chronic
	SP Carbon Bound to 1 Other Carbon
	Molecular rigidity and bioactivity.

	Xc-3dv
	Chronic
	3-Ordered Chi Chain Weighted by Valence Electrons
	Electron distribution and interactions with targets.

	Xp-6d
	Chronic
	6-Ordered Chi Cluster Weighted by Sigma Electrons
	Molecular stability and bioactivity.

	NdsCH
	Chronic
	Number of dsCH
	Molecular reactivity and metabolic pathways.

	NssssN
	Chronic
	Number of ssssN
	Hydrogen bonding and electrostatic interactions.

	StsC
	Chronic
	Sum of tsC
	Molecular conformation and bioactivity.

	SIC1
	Chronic
	1-Ordered Structural Information Content
	Molecular topology and metabolic pathways.

	SMR_VSA4
	Chronic
	MOE MR VSA Descriptor 4 (2.24 ≤x ＜ 2.45)
	Molecular refractivity and solubility.

	EState_VSA3
	Chronic
	EState VSA Descriptor 3 (0.29 ≤x ＜0.72)
	Electrotopological state and interactions with targets.

	GGI7
	Chronic
	7-Ordered Raw Topological Charge
	Charge distribution and interactions with targets.

	GGI10
	Chronic
	10-Ordered Raw Topological Charge
	Long-range charge interactions with targets.

	JGI2
	Chronic
	2-Ordered Mean Topological Charge
	Charge distribution and interactions with targets.

	Lifestage
	Acute/Chronic
	Developmental stage-specific physiological and metabolic variations
	Biotransformation capacity, detoxification efficiency, and target organ sensitivity

	KOW
	Acute/Chronic
	Membrane permeability, bioaccumulation potential, and tissue-specific distribution
	Membrane permeability, bioaccumulation potential, and tissue-specific distribution



Table S5. Predicted acute toxicity of different pollutants to Gobiocypris rarus.
	Chemical
	Mentioned Reference
	Predicted acute toxicity in this study (mg/L)

	
	
	Life-stage_1
	Life-stage_2
	Life-stage_3
	Average

	C8H8
	Ji et al.1

	76.22
	76.77
	124.86
	92.62 

	C7H5NO
	
	20.69
	20.55
	36.70
	25.98 

	C6H7N
	
	55.08
	55.17
	94.01
	68.09 

	C10H12
	
	66.13
	66.67
	106.00
	79.60 

	C10H8
	
	76.24
	76.79
	124.81
	92.61 

	C7H5NS
	
	40.29
	40.80
	62.09
	47.73 

	C15H24
	
	51.15
	51.67
	77.56
	60.13 

	C15H24O
	
	23.51
	[bookmark: _GoBack]24.04
	33.33
	26.96 

	C15H24O
	
	23.51
	24.04
	33.33
	26.96 

	C14H30
	
	130.36
	131.31
	215.66
	159.11 

	C18H38O
	
	111.13
	111.40
	182.64
	135.06 

	C8H7NS2
	
	23.05
	23.62
	33.61
	26.76 

	C15H32
	
	130.36
	131.31
	215.66
	159.11 

	C15H32
	
	93.92
	94.50
	153.20
	113.87 

	C16H34
	
	129.29
	129.88
	212.64
	157.27 

	C16H22O4
	
	53.00
	52.90
	81.70
	62.53 

	C16H34
	
	129.39
	129.99
	212.73
	157.37 

	C16H34
	
	96.59
	97.17
	157.79
	117.18 

	C17H36
	
	130.36
	131.31
	215.66
	159.11 

	C19H40
	
	129.27
	129.87
	212.68
	157.27 

	C16H26O
	
	58.78
	58.88
	91.77
	69.81 

	C37H48N2O12
	
	17.49
	17.39
	24.51
	19.80 

	C17H34
	
	130.34
	131.28
	215.66
	159.09 

	C18H38
	
	129.37
	129.97
	212.73
	157.36 

	C20H42
	
	130.33
	131.27
	215.56
	159.05 

	C18H38
	
	130.34
	131.28
	215.66
	159.09 

	C20H42
	
	129.27
	129.87
	212.68
	157.27 

	C22H34O4
	
	69.27
	69.19
	112.93
	83.80 

	C20H42
	
	129.27
	129.87
	212.68
	157.27 

	C18H36
	
	130.34
	131.28
	215.66
	159.09 

	C20H42
	
	130.34
	131.28
	215.66
	159.09 

	C20H42
	
	130.36
	131.31
	215.62
	159.10 

	C19H40
	
	130.34
	131.28
	215.66
	159.09 

	C16H22O4
	
	49.90
	49.78
	76.58
	58.75 

	C22H46
	
	129.34
	129.94
	212.68
	157.32 

	S8
	
	116.07
	117.00
	187.24
	140.10 

	C21H44
	
	129.33
	129.93
	212.67
	157.31 

	C20H42
	
	130.34
	131.28
	215.66
	159.09 

	C20H42
	
	130.36
	131.31
	215.62
	159.10 

	C21H44
	
	130.34
	131.28
	215.66
	159.09 

	C12H18O4S2
	
	85.70
	85.62
	136.00
	102.44 

	C21H44
	
	130.36
	131.31
	215.62
	159.10 

	C20H42
	
	130.36
	131.31
	215.62
	159.10 

	C16H13N
	
	59.92
	60.44
	98.05
	72.80 

	C22H46
	
	130.34
	131.28
	215.66
	159.09 

	C12H24
	
	83.21
	83.76
	134.04
	100.34 

	C21H44
	
	130.33
	131.27
	215.56
	159.05 

	C23H48
	
	130.34
	131.28
	215.66
	159.09 

	C27H56
	
	114.41
	115.32
	189.54
	139.76 

	C30H62
	
	114.42
	115.33
	189.47
	139.74 

	C20H40O
	
	63.90
	63.77
	101.23
	76.30 

	C33H68
	
	114.46
	115.37
	189.53
	139.79 

	C35H72
	
	112.86
	113.78
	186.24
	137.63 

	C36H74
	
	112.45
	113.36
	185.82
	137.21 

	C36H86
	
	112.49
	113.40
	185.82
	137.24 

	C44H90
	
	112.49
	113.40
	185.82
	137.24 

	CHCl3
	
	37.79
	38.36
	65.55
	47.23 

	E1
	Zhang et al2
	17.76
	17.66
	24.83
	20.08 

	BPA
	
	16.57
	16.45
	23.13
	18.72 

	NP
	
	28.33
	29.19
	44.56
	34.03 

	PFBA
	Fang et al3
	31.53
	31.39
	34.50
	32.47 

	PFPeA
	
	31.46
	31.32
	35.11
	32.63 

	PFHxA
	
	39.88
	39.75
	47.89
	42.51 

	PFHpA
	
	40.88
	40.74
	50.49
	44.04 

	PFOA
	
	40.04
	39.92
	62.42
	47.46 

	PFNA
	
	40.25
	40.14
	62.20
	47.53 

	PFDA
	
	40.25
	40.14
	62.17
	47.52 

	PFUnDA
	
	40.30
	40.19
	62.18
	47.56 

	PFDoDA
	
	40.30
	40.19
	62.18
	47.56 

	PFBS
	
	44.83
	45.56
	62.56
	50.98 

	PFHxS
	
	39.96
	39.84
	61.94
	47.25 

	PFOS
	
	44.22
	44.27
	60.12
	49.54 

	PFDS
	
	40.22
	40.11
	61.64
	47.32 






Table S6. Predicted chronic toxicity of different pollutants to Gobiocypris rarus.
	Chemical
	Mentioned Reference
	Predicted chronic toxicity in this study (mg/L)

	
	
	Life-stage_1
	Life-stage_2
	Life-stage_3
	Average

	C8H8
	Ji et al.1

	0.913 
	0.922 
	0.922 
	0.919 

	C7H5NO
	
	1.020 
	1.031 
	1.031 
	1.027 

	C6H7N
	
	0.945 
	0.953 
	0.953 
	0.951 

	C10H12
	
	0.855 
	0.858 
	0.858 
	0.857 

	C10H8
	
	1.524 
	1.535 
	1.535 
	1.531 

	C7H5NS
	
	0.968 
	0.979 
	0.979 
	0.975 

	C15H24
	
	2.646 
	2.651 
	2.651 
	2.649 

	C15H24O
	
	2.535 
	2.540 
	2.540 
	2.538 

	C15H24O
	
	2.535 
	2.540 
	2.540 
	2.538 

	C14H30
	
	2.831 
	2.842 
	2.842 
	2.838 

	C18H38O
	
	2.072 
	2.080 
	2.080 
	2.078 

	C8H7NS2
	
	0.641 
	0.643 
	0.643 
	0.643 

	C15H32
	
	2.750 
	2.761 
	2.761 
	2.757 

	C15H32
	
	1.694 
	1.700 
	1.700 
	1.698 

	C16H34
	
	2.469 
	2.479 
	2.479 
	2.476 

	C16H22O4
	
	0.730 
	0.732 
	0.732 
	0.732 

	C16H34
	
	2.641 
	2.652 
	2.652 
	2.648 

	C16H34
	
	2.628 
	2.639 
	2.639 
	2.635 

	C17H36
	
	2.745 
	2.756 
	2.756 
	2.753 

	C19H40
	
	1.660 
	1.666 
	1.666 
	1.664 

	C16H26O
	
	2.719 
	2.718 
	2.718 
	2.718 

	C37H48N2O12
	
	3.843 
	3.843 
	3.843 
	3.843 

	C17H34
	
	2.672 
	2.682 
	2.682 
	2.679 

	C18H38
	
	2.672 
	2.683 
	2.683 
	2.679 

	C20H42
	
	2.666 
	2.677 
	2.677 
	2.673 

	C18H38
	
	2.745 
	2.756 
	2.756 
	2.752 

	C20H42
	
	1.633 
	1.639 
	1.639 
	1.637 

	C22H34O4
	
	1.466 
	1.468 
	1.468 
	1.467 

	C20H42
	
	1.633 
	1.639 
	1.639 
	1.637 

	C18H36
	
	2.668 
	2.679 
	2.679 
	2.676 

	C20H42
	
	2.661 
	2.672 
	2.672 
	2.668 

	C20H42
	
	2.650 
	2.661 
	2.661 
	2.658 

	C19H40
	
	2.719 
	2.730 
	2.730 
	2.726 

	C16H22O4
	
	0.986 
	0.985 
	0.985 
	0.985 

	C22H46
	
	2.673 
	2.684 
	2.684 
	2.680 

	S8
	
	1.502 
	1.512 
	1.512 
	1.508 

	C21H44
	
	2.665 
	2.676 
	2.676 
	2.672 

	C20H42
	
	2.722 
	2.733 
	2.733 
	2.729 

	C20H42
	
	2.710 
	2.721 
	2.721 
	2.717 

	C21H44
	
	2.731 
	2.741 
	2.741 
	2.738 

	C12H18O4S2
	
	3.390 
	3.395 
	3.395 
	3.393 

	C21H44
	
	2.726 
	2.737 
	2.737 
	2.733 

	C20H42
	
	2.710 
	2.721 
	2.721 
	2.717 

	C16H13N
	
	0.753 
	0.759 
	0.759 
	0.757 

	C22H46
	
	2.747 
	2.758 
	2.758 
	2.754 

	C12H24
	
	2.501 
	2.502 
	2.502 
	2.501 

	C21H44
	
	2.675 
	2.686 
	2.686 
	2.682 

	C23H48
	
	2.726 
	2.737 
	2.737 
	2.733 

	C27H56
	
	2.631 
	2.642 
	2.642 
	2.638 

	C30H62
	
	2.611 
	2.622 
	2.622 
	2.619 

	C20H40O
	
	1.212 
	1.215 
	1.215 
	1.214 

	C33H68
	
	2.608 
	2.618 
	2.618 
	2.615 

	C35H72
	
	2.600 
	2.610 
	2.610 
	2.607 

	C36H74
	
	2.600 
	2.610 
	2.610 
	2.607 

	C36H86
	
	2.655 
	2.665 
	2.665 
	2.661 

	C44H90
	
	2.655 
	2.665 
	2.665 
	2.661 

	CHCl3
	
	1.473 
	1.482 
	1.482 
	1.479 

	E1
	Zhang et al2
	6.479 
	6.479 
	6.479 
	6.479 

	BPA
	
	1.015 
	1.022 
	1.022 
	1.019 

	NP
	
	1.204 
	1.213 
	1.213 
	1.210 

	PFBA
	Fang et al3
	4.210 
	4.214 
	4.214 
	4.213 

	PFPeA
	
	4.411 
	4.415 
	4.415 
	4.413 

	PFHxA
	
	5.362 
	5.364 
	5.364 
	5.364 

	PFHpA
	
	7.223 
	7.225 
	7.225 
	7.225 

	PFOA
	
	9.569 
	9.569 
	9.569 
	9.569 

	PFNA
	
	13.035 
	13.035 
	13.035 
	13.035 

	PFDA
	
	13.074 
	13.074 
	13.074 
	13.074 

	PFUnDA
	
	13.073 
	13.073 
	13.073 
	13.073 

	PFDoDA
	
	13.044 
	13.044 
	13.044 
	13.044 

	PFBS
	
	1.388 
	1.394 
	1.394 
	1.392 

	PFHxS
	
	9.647 
	9.652 
	9.652 
	9.650 

	PFOS
	
	1.574 
	1.583 
	1.583 
	1.580 

	PFDS
	
	12.206 
	12.211 
	12.211 
	12.209 




Table S7. Environmental concentration of pollutants in habitat of Gobiocypris rarus.
	Chemical
	Concentration.(ng/L)
	Reference

	PFBA
	8.33
	Feng et al.3

	PFPeA
	0.07
	

	PFHxA
	0.17
	

	PFHpA
	0.27
	

	PFOA
	3764
	Song et al.4

	PFNA
	0.05
	Feng et al.3

	PFDA
	0.04
	

	PFDoDA
	0.13
	

	PFBS
	0.04
	

	PFHxS
	0.01
	

	PFOS
	2.49
	

	PFDS
	0.03
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Text S1. Python script for retrieving compound information from PubChem

# Example Python script for retrieving compound information from PubChem
# This script demonstrates how to obtain compound names, CAS numbers, and SMILES strings
# Note: Install pubchempy first: pip install pubchempy

import time
import pubchempy as pcp
import pandas as pd
from typing import Dict, List, Optional

def get_compound_info(compound_name: str, max_retries: int = 3) -> Dict:
    """
    Retrieve compound information from PubChem by name.
    
    Args:
        compound_name: Name of the compound (e.g., 'PFOA', 'PFOS')
        max_retries: Number of retry attempts if request fails
        
    Returns:
        Dictionary containing compound information
    """
    for attempt in range(max_retries):
        try:
            # Search for compound by name
            compounds = pcp.get_compounds(compound_name, 'name')
            
            if not compounds:
                return {
                    'query_name': compound_name,
                    'cid': None,
                    'smiles': None,
                    'cas': None,
                    'status': 'Not found'
                }
            
            # Get the first result (most relevant)
            c = compounds[0]
            
            # Try to get CAS number from synonyms
            cas_number = None
            try:
                # Get synonyms for the compound
                synonyms = pcp.get_synonyms(c.cid, 'cid')
                if synonyms and 'Synonym' in synonyms[0]:
                    for syn in synonyms[0]['Synonym']:
                        # CAS numbers typically follow pattern: XX-XX-X
                        if isinstance(syn, str) and len(syn) > 4 and '-' in syn:
                            # Simple CAS pattern check (not exhaustive)
                            parts = syn.split('-')
                            if len(parts) == 3 and all(p.isdigit() for p in parts[:2]):
                                cas_number = syn
                                break
            except:
                # CAS retrieval is optional; continue if fails
                pass
            
            return {
                'query_name': compound_name,
                'cid': c.cid,
                'smiles': c.canonical_smiles or c.isomeric_smiles,
                'cas': cas_number,
                'molecular_formula': c.molecular_formula,
                'molecular_weight': c.molecular_weight,
                'status': 'Success'
            }
            
        except Exception as e:
            if attempt == max_retries - 1:
                return {
                    'query_name': compound_name,
                    'cid': None,
                    'smiles': None,
                    'cas': None,
                    'status': f'Error: {str(e)}'
                }
            time.sleep(1)  # Wait before retry

def batch_retrieve_compound_info(compound_list: List[str], delay: float = 0.5) -> pd.DataFrame:
    """
    Retrieve information for multiple compounds with delay to respect PubChem servers.
    
    Args:
        compound_list: List of compound names
        delay: Seconds to wait between requests (recommended: >=0.5)
        
    Returns:
        DataFrame with compound information
    """
    results = []
    
    for i, name in enumerate(compound_list):
        print(f"Processing {i+1}/{len(compound_list)}: {name}")
        info = get_compound_info(name)
        results.append(info)
        time.sleep(delay)  # Be respectful to PubChem servers
    
    return pd.DataFrame(results)

# Example usage with the 12 PFAS compounds from Table S5
if __name__ == "__main__":
    # List of compounds from your study
    pfas_compounds = [
        "PFBA", "PFPeA", "PFHxA", "PFHpA", "PFOA", "PFNA",
        "PFDA", "PFDoDA", "PFBS", "PFHxS", "PFOS", "PFDS"
    ]
    
    # Retrieve information
    df = batch_retrieve_compound_info(pfas_compounds, delay=0.5)
    
    # Display results
    print("\n=== Compound Information Retrieved from PubChem ===\n")
    print(df[['query_name', 'cid', 'smiles', 'cas', 'status']].to_string(index=False))
    
    # Save to CSV if needed
    # df.to_csv('compound_information.csv', index=False)
    # print("\nResults saved to 'compound_information.csv'")
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