Appendix 1. QSAAR based on partial least-squares analysis with the MDL 166-bit MACCS keys [1]
[bookmark: MarkReturn]We developed QSAARs based on partial least-squares (PLS) analysis using the same datasets used to construct equations (1)–(4), but we used a different combination of descriptors: specifically, daphnia toxicity values (da) and the MDL 166-bit MACCS keys. The MACCS keys for the chemicals were generated with the Molecular Operating Environment software package [2], and the PLS analysis was conducted with the CIMPL software platform [3]. Because there were more than 100 variables (the MACCS keys), the set of variables was too large to analyse by multiple regression analysis combined with the Akaike information criterion (AIC), so PLS analysis was a good choice. Before the PLS analysis, a variable selection option in CIMPL was used to remove highly correlated variables, as described in the software’s online help (http://www.cimplsoft.com/wiki/index.php?title=Partial_Least_Squares_%28PLS%29_Regression).
CIMPL provided the predicted toxicities for the chemicals in the training datasets (Tables S1 and S2), the coefficients of the X variables (Tables S3 and S4), and the predicted toxicities for the chemicals in the external test dataset (Table S5). Figure S1 shows the optimal number of components for PLS analysis based on the highest cross-validated R2 values; the coefficients of the variables in Tables S3 and S4 were based on ten and eight components, respectively.
The fish toxicity prediction model based on PLS analysis with the MACCS keys gave higher R2 values and lower standard errors than the corresponding values obtained with equation (3). The algae toxicity prediction model gave R2 values and standard errors that were almost identical to the corresponding values obtained with equation (4). However, the toxicities of four test chemicals in the fish model and five test chemicals in the algae model were overestimated or underestimated by more than 1.0 log unit (Figure S2, Table S5). Furthermore, there were more than 30 selected X variables (Tables S3 and S4) that were so large number of variable that it is difficult to use the simple explanation of the toxicity based on substructures.


Table S1. CAS numbers and SMILESTM strings for the training dataset used for PLS analysis, along with predicted fish toxicities [PLS-f: log(1/LC50 [mM])] and residuals.*
	ID
	CAS no.
	SMILESTM
	PLS-f
	Residual

	1
	102-06-7
	N=C(Nc1ccccc1)Nc2ccccc2
	1.08
	0.02

	2
	103-69-5
	CCNc1ccccc1
	0.42
	–0.23

	3
	103-90-2
	CC(=O)Nc1ccc(O)cc1
	0.52
	–1.25

	4
	100-61-8
	CNc1ccccc1
	0.19
	0.08

	5
	100-63-0
	NNc1ccccc1
	3.93
	–0.10

	6
	101-14-4
	Nc1ccc(Cc2ccc(N)c(Cl)c2)cc1Cl
	2.55
	0.09

	7
	101-77-9
	Nc1ccc(Cc2ccc(N)cc2)cc1
	1.83
	–0.85

	8
	101-96-2
	N(c(ccc(NC(CC)C)c1)c1)C(CC)C
	3.17
	–0.39

	9
	105-67-9
	Cc1ccc(O)c(C)c1
	1.13
	–0.25

	10
	106-41-2
	Oc1ccc(Br)cc1
	1.33
	–0.03

	11
	106-44-5
	Cc1ccc(O)cc1
	0.84
	0.05

	12
	106-47-8
	Nc1ccc(Cl)cc1
	1.43
	–0.09

	13
	106-48-9
	Oc1ccc(Cl)cc1
	1.39
	–0.23

	14
	106-49-0
	Cc1ccc(N)cc1
	0.78
	–0.83

	15
	106-50-3
	Nc1ccc(N)cc1
	1.40
	1.81

	16
	108-42-9
	Nc1cccc(Cl)c1
	1.31
	–0.15

	17
	108-69-0
	Cc1cc(C)cc(N)c1
	0.85
	–0.30

	18
	108-95-2
	Oc1ccccc1
	0.60
	–0.03

	19
	118-79-6
	Oc1c(Br)cc(Br)cc1Br
	2.07
	0.27

	20
	119-34-6
	Nc1ccc(O)c(c1)N(=O)=O
	1.33
	–0.70

	21
	119-93-7
	Cc1cc(ccc1N)c2ccc(N)c(C)c2
	1.55
	–0.34

	22
	120-83-2
	Oc1ccc(Cl)cc1Cl
	1.68
	0.01

	23
	120-95-6
	CCC(C)(C)c1ccc(O)c(c1)C(C)(C)CC
	3.39
	–0.48

	24
	122-39-4
	N(c1ccccc1)c2ccccc2
	1.43
	–0.02

	25
	122-66-7
	N(Nc1ccccc1)c2ccccc2
	3.20
	0.43

	26
	123-30-8
	Nc1ccc(O)cc1
	1.05
	1.02

	27
	128-37-0
	Cc1cc(c(O)c(c1)C(C)(C)C)C(C)(C)C
	2.57
	–0.27

	28
	131-57-7
	COc1ccc(C(=O)c2ccccc2)c(O)c1
	1.98
	–0.20

	29
	132-27-4
	Oc1ccccc1c2ccccc2
	1.71
	–0.28

	30
	135-19-3
	Oc1ccc2ccccc2c1
	1.34
	0.22

	31
	148-24-3
	Oc1cccc2cccnc12
	1.92
	–0.15

	32
	14938-35-3
	CCCCCc1ccc(O)cc1
	2.19
	–0.12

	33
	16245-79-7
	CCCCCCCCc1ccc(N)cc1
	3.11
	0.12

	34
	99-09-2
	Nc1cccc(c1)N(=O)=O
	0.35
	–0.16

	35
	99-71-8
	CCC(C)c1ccc(O)cc1
	1.54
	0.22

	36
	1806-26-4
	CCCCCCCCc1ccc(O)cc1
	2.93
	0.44

	37
	1879-09-0
	Cc1cc(C)c(O)c(c1)C(C)(C)C
	1.84
	0.01

	38
	19715-19-6
	CC(C)(C)c1cc(C(=O)O)c(O)c(c1)C(C)(C)C
	2.12
	–0.15

	39
	20103-09-7
	NC1=CC(Cl)=C(N)C=C1Cl
	1.67
	–0.76

	40
	2219-82-1
	Oc(c(ccc1)C(C)(C)C)c1C
	1.48
	0.10

	41
	2243-62-1
	Nc1cccc2c(N)cccc12
	1.22
	–0.25

	42
	23184-66-9
	CCCCOCN(C(=O)CCl)c1c(CC)cccc1CC
	2.92
	0.13

	43
	2409-55-4
	Cc1ccc(O)c(c1)C(C)(C)C
	1.68
	0.25

	44
	2465-27-2
	CN(C)c1ccc(cc1)C(=N)c2ccc(cc2)N(C)C
	1.63
	0.02

	45
	2479-46-1
	Nc1ccc(Oc2cccc(Oc3ccc(N)cc3)c2)cc1
	2.06
	0.12

	46
	25013-16-5
	COc1ccc(O)c(c1)C(C)(C)C
	1.21
	0.29

	47
	25154-52-3
	CCCCCCCCCc1ccc(O)cc1
	3.48
	–0.52

	48
	31127-54-5
	O=C(C1=CC=C(O)C=C1)C2=CC=C(O)C(O)=C2O
	0.82
	0.02

	49
	3380-34-5
	Oc1cc(Cl)ccc1Oc2ccc(Cl)cc2Cl
	2.73
	–0.09

	50
	4286-23-1
	CC(=C)c1ccc(O)cc1
	1.18
	–0.01

	51
	462-08-8
	n(cccc1N)c1
	1.44
	–0.40

	52
	479-27-6
	Nc1cccc2cccc(N)c12
	1.35
	0.10

	53
	504-24-5
	Nc1ccncc1
	1.24
	0.20

	54
	504-29-0
	n(c(N)ccc1)c1
	1.08
	–0.15

	55
	51218-49-6
	CCCOCCN(C(=O)CCl)c1c(CC)cccc1CC
	2.21
	–0.10

	56
	51963-82-7
	O(CCN(c(c(OCC)cc(N)c1OCC)c1)C2)C2
	0.80
	0.29

	57
	5510-99-6
	CCC(C)c1cccc(C(C)CC)c1O
	2.44
	0.70

	58
	554-00-7
	Nc1ccc(Cl)cc1Cl
	1.01
	0.29

	59
	569-64-2
	CN(C)c1ccc(cc1)C(=C2C=CC(C=C2)=N(Cl)(C)C)c3ccccc3
	3.25
	0.16

	60
	576-26-1
	Cc1cccc(C)c1O
	0.86
	0.05

	61
	58-90-2
	Oc1c(Cl)cc(Cl)c(Cl)c1Cl
	2.29
	0.32

	62
	591-27-5
	Nc1cccc(O)c1
	0.29
	–0.33

	63
	599-64-4
	CC(C)(c1ccccc1)c2ccc(O)cc2
	2.13
	0.12

	64
	60-09-3
	Nc1ccc(N=Nc2ccccc2)cc1
	2.81
	–0.06

	65
	615-58-7
	Oc1ccc(Br)cc1Br
	1.80
	0.04

	66
	61788-44-1
	Oc1c(cccc1)C=C
	1.07
	0.26

	67
	620-92-8
	Oc1ccc(Cc2ccc(O)cc2)cc1
	1.32
	–0.13

	68
	620-93-9
	Cc1ccc(Nc2ccc(C)cc2)cc1
	1.99
	0.67

	69
	62-53-3
	Nc1ccccc1
	1.10
	–0.57

	70
	634-93-5
	Nc1c(Cl)cc(Cl)cc1Cl
	1.27
	0.30

	71
	6807-17-6
	CC(C)CC(C)(c1ccc(O)cc1)c2ccc(O)cc2
	1.73
	0.27

	72
	69-72-7
	OC(=O)c1ccccc1O
	0.27
	0.28

	73
	732-26-3
	CC(C)(C)c1cc(c(O)c(c1)C(C)(C)C)C(C)(C)C
	3.50
	0.13

	74
	782-74-1
	Clc1ccccc1NNc2ccccc2Cl
	4.08
	–0.67

	75
	793-24-8
	CC(C)CC(C)Nc1ccc(Nc2ccccc2)cc1
	3.24
	0.72

	76
	79-94-7
	CC(C)(c1cc(Br)c(O)c(Br)c1)c2cc(Br)c(O)c(Br)c2
	2.45
	–0.68

	77
	80-05-7
	CC(C)(c1ccc(O)cc1)c2ccc(O)cc2
	1.28
	0.17

	78
	843-55-0
	Oc1ccc(cc1)C2CCC(CC2)c3ccc(O)cc3
	2.11
	0.06

	79
	86-30-6
	O=NN(c1ccccc1)c2ccccc2
	1.58
	–0.28

	80
	87-86-5
	Oc1c(Cl)c(Cl)c(Cl)c(Cl)c1Cl
	3.21
	–0.06

	81
	88-05-1
	Nc(c(cc(c1)C)C)c1C
	0.55
	–0.16

	82
	88-60-8
	Cc1ccc(c(O)c1)C(C)(C)C
	1.65
	0.13

	83
	88-75-5
	Oc1ccccc1N(=O)=O
	0.38
	–0.04

	84
	88-85-7
	CCC(C)c1cc(cc(N(=O)=O)c1O)N(=O)=O
	2.81
	0.13

	85
	89-63-4
	O=N(=O)c(c(N)ccc1Cl)c1
	0.80
	0.20

	86
	89-64-5
	O=N(=O)c(c(O)ccc1Cl)c1
	1.00
	0.20

	87
	89-72-5
	CCC(C)c1ccccc1O
	1.43
	–0.03

	88
	89-83-8
	CC(C)c1ccc(C)cc1O
	1.35
	0.16

	89
	90-02-8
	Oc1ccccc1C=O
	1.45
	0.43

	90
	90-04-0
	COc1ccccc1N
	–0.28
	0.07

	91
	90-30-2
	N(c1ccccc1)c2cccc3ccccc23
	2.38
	0.12

	92
	91-53-2
	CCOc1ccc2NC(C)(C)C=C(C)c2c1
	1.91
	–0.40

	93
	91-59-8
	Nc1ccc2ccccc2c1
	1.32
	0.25

	94
	91-94-1
	Nc1ccc(cc1Cl)c2ccc(N)c(Cl)c2
	2.12
	0.57

	95
	92-88-6
	Oc1ccc(cc1)c2ccc(O)cc2
	1.56
	–0.41

	96
	95-51-2
	Nc1ccccc1Cl
	0.90
	0.34

	97
	95-53-4
	Cc1ccccc1N
	0.08
	–0.23

	98
	95-54-5
	Nc1ccccc1N
	0.98
	0.39

	99
	95-76-1
	Nc1ccc(Cl)c(Cl)c1
	1.54
	–0.37

	100
	95-81-8
	Cc1ccc(Cl)c(N)c1
	0.78
	0.33

	101
	95-82-9
	Nc1cc(Cl)ccc1Cl
	1.23
	0.64

	102
	95-87-4
	Oc(c(ccc1C)C)c1
	1.08
	0.25

	103
	95-95-4
	Oc1cc(Cl)c(Cl)cc1Cl
	2.13
	–0.01

	104
	96-76-4
	CC(C)(C)c1ccc(O)c(c1)C(C)(C)C
	2.64
	–0.16

	105
	96-96-8
	O=N(=O)c(c(N)ccc1OC)c1
	0.42
	0.20

	106
	97-39-2
	Cc1ccccc1NC(=N)Nc2ccccc2C
	1.23
	–0.13

	107
	99-76-3
	COC(=O)c1ccc(O)cc1
	0.46
	–0.06

	108
	99-88-7
	CC(C)c1ccc(N)cc1
	0.98
	–0.51

	109
	99-96-7
	OC(=O)c1ccc(O)cc1
	0.29
	–0.12


*Underlining indicates overestimation or underestimation.


Table S2. CAS numbers and SMILESTM strings for the training dataset used for PLS analysis, along with predicted algae toxicities [PLS-a: log(1/EC50 [mM]) unit] and residuals.*
	ID
	CAS no.
	SMILESTM
	PLS-a
	Residual

	1
	102-06-7
	N=C(Nc1ccccc1)Nc2ccccc2
	1.44
	0.01

	2
	103-69-5
	CCNc1ccccc1
	0.69
	–0.12

	3
	101-20-2
	O=C(NC1=CC=C(Cl)C=C1)NC2=CC=C(Cl)C(Cl)=C2
	3.66
	0.16

	4
	101-77-9
	Nc1ccc(Cc2ccc(N)cc2)cc1
	1.74
	–0.52

	5
	101-80-4
	Nc1ccc(Oc2ccc(N)cc2)cc1
	2.04
	–1.19

	6
	101-96-2
	N(c(ccc(NC(CC)C)c1)c1)C(CC)C
	2.63
	–0.26

	7
	104-94-9
	COc1ccc(N)cc1
	0.83
	0.14

	8
	105-67-9
	Cc1ccc(O)c(C)c1
	0.99
	0.11

	9
	106-41-2
	Oc1ccc(Br)cc1
	1.41
	–0.14

	10
	106-44-5
	Cc1ccc(O)cc1
	0.75
	–0.43

	11
	106-47-8
	Nc1ccc(Cl)cc1
	1.55
	–0.02

	12
	106-48-9
	Oc1ccc(Cl)cc1
	1.20
	–0.09

	13
	106-49-0
	Cc1ccc(N)cc1
	1.01
	–0.36

	14
	106-50-3
	Nc1ccc(N)cc1
	1.72
	1.06

	15
	108-42-9
	Nc1cccc(Cl)c1
	1.44
	–0.61

	16
	108-45-2
	Nc1cccc(N)c1
	0.61
	–0.05

	17
	108-69-0
	Cc1cc(C)cc(N)c1
	0.99
	–0.37

	18
	108-95-2
	Oc1ccccc1
	0.54
	–0.77

	19
	118-79-6
	Oc1c(Br)cc(Br)cc1Br
	2.56
	–0.32

	20
	119-34-6
	Nc1ccc(O)c(c1)N(=O)=O
	1.97
	–0.48

	21
	119-93-7
	Cc1cc(ccc1N)c2ccc(N)c(C)c2
	1.69
	–0.16

	22
	120-83-2
	Oc1ccc(Cl)cc1Cl
	1.43
	0.10

	23
	120-95-6
	CCC(C)(C)c1ccc(O)c(c1)C(C)(C)CC
	2.60
	–0.47

	24
	122-39-4
	N(c1ccccc1)c2ccccc2
	1.83
	0.77

	25
	122-66-7
	N(Nc1ccccc1)c2ccccc2
	1.99
	0.23

	26
	123-30-8
	Nc1ccc(O)cc1
	1.88
	1.16

	27
	123-31-9
	Oc(ccc(O)c1)c1
	2.45
	0.87

	28
	131-57-7
	COc1ccc(C(=O)c2ccccc2)c(O)c1
	2.22
	0.31

	29
	132-27-4
	Oc1ccccc1c2ccccc2
	1.46
	0.21

	30
	135-19-3
	Oc1ccc2ccccc2c1
	1.65
	0.19

	31
	148-24-3
	Oc1cccc2cccnc12
	2.29
	0.15

	32
	14938-35-3
	CCCCCc1ccc(O)cc1
	1.84
	0.04

	33
	99-09-2
	Nc1cccc(c1)N(=O)=O
	0.55
	–0.04

	34
	99-71-8
	CCC(C)c1ccc(O)cc1
	1.11
	0.19

	35
	1806-26-4
	CCCCCCCCc1ccc(O)cc1
	3.37
	–0.20

	36
	1879-09-0
	Cc1cc(C)c(O)c(c1)C(C)(C)C
	1.61
	–0.21

	37
	19715-19-6
	CC(C)(C)c1cc(C(=O)O)c(O)c(c1)C(C)(C)C
	1.64
	–0.08

	38
	2219-82-1
	Oc(c(ccc1)C(C)(C)C)c1C
	1.30
	0.11

	39
	2243-62-1
	Nc1cccc2c(N)cccc12
	1.96
	–0.01

	40
	2409-55-4
	Cc1ccc(O)c(c1)C(C)(C)C
	1.47
	0.49

	41
	2465-27-2
	CN(C)c1ccc(cc1)C(=N)c2ccc(cc2)N(C)C
	2.41
	0.49

	42
	25013-16-5
	COc1ccc(O)c(c1)C(C)(C)C
	1.61
	–0.07

	43
	2840-28-0
	Nc1c(Cl)ccc(C(=O)O)c1
	0.93
	0.26

	44
	31127-54-5
	O=C(C1=CC=C(O)C=C1)C2=CC=C(O)C(O)=C2O
	2.22
	0.44

	45
	4286-23-1
	CC(=C)c1ccc(O)cc1
	0.94
	0.46

	46
	462-08-8
	n(cccc1N)c1
	1.93
	0.18

	47
	479-27-6
	Nc1cccc2cccc(N)c12
	2.06
	0.46

	48
	504-24-5
	Nc1ccncc1
	0.49
	0.01

	49
	504-29-0
	n(c(N)ccc1)c1
	0.17
	0.72

	50
	51963-82-7
	O(CCN(c(c(OCC)cc(N)c1OCC)c1)C2)C2
	1.06
	0.50

	51
	5510-99-6
	CCC(C)c1cccc(C(C)CC)c1O
	1.76
	0.52

	52
	569-64-2
	CN(C)c1ccc(cc1)C(=C2C=CC(C=C2)=N(Cl)(C)C)c3ccccc3
	2.89
	–0.37

	53
	576-26-1
	Cc1cccc(C)c1O
	0.75
	–0.32

	54
	58-90-2
	Oc1c(Cl)cc(Cl)c(Cl)c1Cl
	1.92
	0.13

	55
	591-27-5
	Nc1cccc(O)c1
	0.66
	–0.82

	56
	599-64-4
	CC(C)(c1ccccc1)c2ccc(O)cc2
	1.73
	0.45

	57
	60-09-3
	Nc1ccc(N=Nc2ccccc2)cc1
	2.31
	–0.47

	58
	615-58-7
	Oc1ccc(Br)cc1Br
	2.09
	0.27

	59
	620-92-8
	Oc1ccc(Cc2ccc(O)cc2)cc1
	1.67
	–0.57

	60
	620-93-9
	Cc1ccc(Nc2ccc(C)cc2)cc1
	2.26
	0.89

	61
	62-53-3
	Nc1ccccc1
	1.32
	–1.39

	62
	634-93-5
	Nc1c(Cl)cc(Cl)cc1Cl
	1.30
	0.43

	63
	63-74-1
	O=S(=O)(N)c(ccc(N)c1)c1
	0.55
	0.33

	64
	69-72-7
	OC(=O)c1ccccc1O
	0.04
	0.29

	65
	80-05-7
	CC(C)(c1ccc(O)cc1)c2ccc(O)cc2
	1.77
	–0.10

	66
	80-09-1
	Oc1ccc(cc1)S(=O)(=O)c2ccc(O)cc2
	0.68
	–0.10

	67
	87-59-2
	Cc1cccc(N)c1C
	0.65
	–0.17

	68
	87-86-5
	Oc1c(Cl)c(Cl)c(Cl)c(Cl)c1Cl
	2.72
	–0.23

	69
	88-05-1
	Nc(c(cc(c1)C)C)c1C
	0.74
	–0.04

	70
	88-60-8
	Cc1ccc(c(O)c1)C(C)(C)C
	1.44
	0.49

	71
	88-75-5
	Oc1ccccc1N(=O)=O
	0.84
	0.53

	72
	88-85-7
	CCC(C)c1cc(cc(N(=O)=O)c1O)N(=O)=O
	2.26
	–0.02

	73
	89-63-4
	O=N(=O)c(c(N)ccc1Cl)c1
	1.46
	–0.15

	74
	89-64-5
	O=N(=O)c(c(O)ccc1Cl)c1
	1.35
	0.10

	75
	89-72-5
	CCC(C)c1ccccc1O
	1.05
	0.29

	76
	89-83-8
	CC(C)c1ccc(C)cc1O
	1.18
	–0.15

	77
	90-02-8
	Oc1ccccc1C=O
	1.38
	0.03

	78
	90-05-1
	COc1ccccc1O
	0.51
	–0.85

	79
	90-30-2
	N(c1ccccc1)c2cccc3ccccc23
	3.07
	0.74

	80
	91-53-2
	CCOc1ccc2NC(C)(C)C=C(C)c2c1
	2.87
	–0.38

	81
	91-59-8
	Nc1ccc2ccccc2c1
	1.94
	0.52

	82
	91-76-9
	Nc1nc(N)nc(n1)c2ccccc2
	0.62
	–0.19

	83
	91-94-1
	Nc1ccc(cc1Cl)c2ccc(N)c(Cl)c2
	2.15
	0.10

	84
	92-70-6
	OC(=O)c1cc2ccccc2cc1O
	1.08
	–0.61

	85
	92-84-2
	N1c2ccccc2Sc3ccccc13
	3.24
	–0.81

	86
	92-88-6
	Oc1ccc(cc1)c2ccc(O)cc2
	2.12
	–0.60

	87
	93-68-5
	CC(=O)CC(=O)Nc1ccccc1C
	–0.40
	–0.20

	88
	95-51-2
	Nc1ccccc1Cl
	1.09
	–0.43

	89
	95-53-4
	Cc1ccccc1N
	0.39
	–0.44

	90
	95-54-5
	Nc1ccccc1N
	2.73
	–0.61

	91
	95-64-7
	Cc1ccc(N)cc1C
	1.16
	–0.01

	92
	95-76-1
	Nc1ccc(Cl)c(Cl)c1
	1.61
	–0.22

	93
	95-78-3
	Nc(c(ccc1C)C)c1
	0.47
	0.13

	94
	95-80-7
	Cc1ccc(N)cc1N
	0.14
	0.69

	95
	95-81-8
	Cc1ccc(Cl)c(N)c1
	0.97
	0.49

	96
	95-82-9
	Nc1cc(Cl)ccc1Cl
	1.32
	–0.09

	97
	95-87-4
	Oc(c(ccc1C)C)c1
	0.94
	–0.31

	98
	95-95-4
	Oc1cc(Cl)c(Cl)cc1Cl
	1.82
	0.30

	99
	96-76-4
	CC(C)(C)c1ccc(O)c(c1)C(C)(C)C
	2.34
	–0.03

	100
	96-96-8
	O=N(=O)c(c(N)ccc1OC)c1
	0.99
	0.15

	101
	97-39-2
	Cc1ccccc1NC(=N)Nc2ccccc2C
	1.57
	–0.13

	102
	99-76-3
	COC(=O)c1ccc(O)cc1
	0.05
	0.38

	103
	99-88-7
	CC(C)c1ccc(N)cc1
	1.12
	–0.25

	104
	99-96-7
	OC(=O)c1ccc(O)cc1
	0.15
	–0.05


*Underlining indicates overestimation or underestimation.


Table S3. Dependent variables (X variables)* and coefficients for PLS analysis with the four optimal components (see Figure S1a) for predicted fish toxicity (PLS-f); R2 = 0.84 (R2adj = 0.82).
	X variable
	Coefficient
	X variable
	Coefficient

	da
	0.60
	MACCS(122)
	–0.25

	MACCS(–25)
	–0.06
	MACCS(125)
	–0.08

	MACCS(-34)
	0.14
	MACCS(127)
	–0.24

	MACCS(-38)
	0.09
	MACCS(134)
	0.12

	MACCS(-43)
	–0.19
	MACCS(135)
	–0.34

	MACCS(-53)
	–0.34
	MACCS(140)
	0.23

	MACCS(-65)
	0.28
	MACCS(142)
	0.85

	MACCS(-69)
	0.70
	MACCS(144)
	–0.02

	MACCS(-77)
	–0.01
	MACCS(146)
	0.17

	MACCS(-78)
	–0.11
	MACCS(148)
	–0.25

	MACCS(-82)
	–0.14
	MACCS(149)
	0.18

	MACCS(-87)
	0.11
	MACCS(151)
	–0.25

	MACCS(-89)
	0.18
	MACCS(152)
	–0.09

	MACCS(-93)
	–0.21
	MACCS(153)
	–0.17

	MACCS(106)
	–0.06
	MACCS(155)
	0.23

	MACCS(111)
	0.36
	MACCS(163)
	0.05

	MACCS(118)
	–0.19
	MACCS(165)
	0.05

	　
	　
	Intercept
	–0.43


*The 34 variables were selected using the CIMPL option for removing highly correlated variables. MACCS(xxx) indicates the xxx-th MACCS key out of a total of 166 keys.
	
Table S4. Dependent variables (X variables)* and coefficients for PLS analysis with the optimal eight components (see Figure S1b) for predicted algae toxicity (PLS-a); R2 = 0.76 (R2adj = 0.74).
	X variable
	Coefficient
	X variable
	Coefficient

	da
	0.57
	MACCS(111)
	–0.11

	MACCS(-30)
	–0.13
	MACCS(113)
	0.07

	MACCS(-31)
	–0.13
	MACCS(120)
	–0.23

	MACCS(-36)
	–0.17
	MACCS(123)
	–0.16

	MACCS(-37)
	0.03
	MACCS(124)
	–0.21

	MACCS(-43)
	–0.13
	MACCS(128)
	0.07

	MACCS(-46)
	0.27
	MACCS(129)
	0.16

	MACCS(-53)
	–0.39
	MACCS(132)
	–0.16

	MACCS(-69)
	0.14
	MACCS(139)
	0.45

	MACCS(-74)
	0.01
	MACCS(141)
	0.06

	MACCS(-79)
	0.68
	MACCS(143)
	0.07

	MACCS(-80)
	0.06
	MACCS(144)
	0.001

	MACCS(-82)
	–0.06
	MACCS(147)
	0.08

	MACCS(-87)
	0.14
	MACCS(149)
	0.09

	MACCS(-89)
	0.17
	MACCS(156)
	0.36

	MACCS(-92)
	–0.08
	MACCS(157)
	–0.06

	MACCS(-97)
	–0.37
	MACCS(160)
	–0.01

	MACCS(102)
	–0.05
	MACCS(163)
	0.06

	MACCS(105)
	0.08
	Intercept
	–0.81


*The 37 variables were selected using the CIMPL option for removing highly correlated variables. MACCS(xxx) indicates the xxx-th MACCS key out of a total of 166 keys.
Insert Figures S1 and S2.


Table S5. SMILESTM strings for the external test dataset used for PLS analysis, predicted fish toxicities [PLS-f: log(1/LC50 [mM])], predicted algae toxicities [PLS-a: log(1/EC50[mM]) unit], and their residuals.*
	　
	SMILESTM
	Fish
	Algae

	
	
	PLS-f
	PLS-f
residual
	PLS-a
	PLS-a
residual

	A
	Oc1ccccc1C(C)(C)C
	1.40
	0.21
	1.23
	0.83

	B
	O=N(=O)c1ccccc1N
	0.28
	0.24
	1.04
	–0.55

	C
	Oc1ccc(cc1)-c1ccccc1
	1.68
	0.02
	1.38
	0.47

	D
	Oc1ccccc1N
	0.86
	1.35
	1.74
	1.12

	E
	Nc1ccc(N)cc1C
	1.30
	1.51
	1.66
	0.13

	F
	Fc1ccccc1N
	1.40
	–1.23
	1.56
	–1.05

	G
	Fc1cc(N)ccc1
	1.37
	–0.50
	1.49
	–1.12

	H
	Clc1cc(Cl)cc(Cl)c1NN
	3.61
	–1.28
	1.68
	1.72

	I
	CCN(CC)c1ccccc1
	0.35
	0.41
	0.64
	1.08

	J
	Nc1ccc(cc1)N(=O)=O
	0.12
	0.09
	0.22
	0.29


*CAS numbers and the measured toxicities are listed in Table 4. Underlining indicates overestimation or underestimation.


Appendix 2. QSAAR based on multiple regression analyses with calculated log POW values [4] and indicator variables a–j
We also performed multiple regression analyses using the same datasets used for constructing equations (1)–(4), but we used different combinations of descriptors: specifically, daphnia toxicities, log POW values calculated with the CLOGP [4] program (designated as ClogP), and indicator variables a–j (Figure 1). All the descriptors are listed in Tables S6 and S7. We selected the descriptors using AIC values determined by means of the R software package [5].
The lowest-AIC QSAARs for the fish toxicities, log(1/LC50 [mM]), and algae toxicities, log(1/EC50 [mM]), took the following forms:
	log(1/LC50) = 0.46 + 0.80da + 0.21ClogP + 1.00a – 0.36c – 0.89d – 0.96f + 0.76h	(S1)
	n = 109, standard error = 0.51, R2adj = 0.73
	log(1/EC50) = 0.02 + 0.56da + 0.21ClogP + 0.79a – 0.39c – 0.26f + 1.51h + 0.29j	(S2)
	n = 104, standard error = 0.48, R2adj = 0.72
where da, n, and R2adj denote the acute daphnia toxicity, log(1/EC50 [mM]); the number of training data; and the adjusted squared correlation coefficient between measured and calculated toxicities, respectively. The R2adj values and standard errors for equations (S1) and (S2) were almost identical to those for equations (3) and (4), but there were fewer indicator variables present in the lowest-AIC QSAARs for the former two equations than for the latter. Note that equations (S1) and (S2) were optimized with specific calculated log POW values, that is, values calculated with the CLOGP program. Therefore, equations and statistical values should be changed for analyses performed with other calculated log POW values or with measured log POW values.
The external validation (Table S8) indicated that the residuals for equation (S1) had the same tendency as those for equation (3): that is, the fish toxicities of chemicals D and E were underestimated, and those of chemicals F and G were overestimated. In particular, for chemicals D and F, the differences between the measured fish toxicities and those predicted by equation (S1) were >1.2 units, and thus were regarded as outliers. However, the magnitude of the residual for chemical I was slightly larger for equation (S1) than for equation (3).
The presence of indicator variable j in equation (S2) resulted in better prediction of the algae toxicity of chemical C, which has two aromatic rings: the residual was 0.18. However, the residual for chemical H, trichlorophenylhydrazine, was >1.2 for equation (S2), and thus the predicted toxicity was regarded as an outlier (Table S8, Figure S3). This outlier can be explained in terms of the estimated log POW value that we used. The ClogP value of chemical H was 3.849 (3.8 in Table S8), but the log POW value calculated with KOWWIN (ver. 1.68) [6] was 2.73. Note, however, the ClogP, KOWWIN, and experimental log POW values for another phenylhydrazine (Hydrazine, 1,2-diphenyl-, CAS no. 122-66-7) were similar: 2.97, 3.06, and 2.95, respectively.


Table S6. Training dataset for the QSAAR with measured daphnia toxicities (da), log(1/EC50 [mM]); fish toxicities predicted with equation (S1); and the following descriptors: molecular weight (mw), calculated log POW (ClogP), and indicator variables a–j.*
	ID
	CAS no.
	da
	Predicted fish toxicity (S1)
	mw
	ClogP
	Indicator variables†

	
	
	
	
	
	
	a
	b
	c
	d
	e
	f
	g
	h
	i
	j

	1
	102-06-7
	1.42
	1.13
	211.3
	2.0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1

	2
	103-69-5
	1.45
	1.19
	121.2
	2.2
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0

	3
	103-90-2
	1.64
	0.01
	151.2
	0.5
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0

	4
	100-61-8
	1.28
	0.94
	107.2
	1.6
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0

	5
	100-63-0
	3.83
	2.89
	108.1
	1.3
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	6
	101-14-4
	2.46
	1.97
	267.2
	3.7
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1

	7
	101-77-9
	1.90
	1.09
	198.3
	1.8
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1

	8
	101-96-2
	2.61
	2.48
	220.4
	3.9
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0

	9
	105-67-9
	1.46
	1.18
	122.2
	2.4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	10
	106-41-2
	1.61
	1.35
	173.0
	2.6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	11
	106-44-5
	1.19
	0.87
	108.1
	2.0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	12
	106-47-8
	2.61
	1.69
	127.6
	1.9
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0

	13
	106-48-9
	1.71
	1.39
	128.6
	2.5
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	14
	106-49-0
	1.92
	1.03
	107.2
	1.4
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	15
	106-50-3
	2.52
	1.90
	108.1
	-0.3
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0

	16
	108-42-9
	2.42
	1.54
	127.6
	1.9
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0

	17
	108-69-0
	1.74
	1.00
	121.2
	1.9
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	18
	108-95-2
	0.80
	0.45
	94.1
	1.5
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	19
	118-79-6
	2.18
	2.08
	330.8
	3.9
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	20
	119-34-6
	1.85
	0.65
	154.1
	0.8
	0
	1
	1
	1
	0
	1
	0
	1
	0
	0

	21
	119-93-7
	1.67
	1.07
	212.3
	2.5
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1

	22
	120-83-2
	1.87
	1.62
	163.0
	3.0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	23
	120-95-6
	3.29
	3.42
	234.4
	6.1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	24
	122-39-4
	2.05
	1.98
	169.2
	3.6
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1

	25
	122-66-7
	2.22
	1.97
	184.2
	3.0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1

	26
	123-30-8
	2.53
	1.07
	109.1
	0.2
	0
	1
	1
	1
	0
	1
	0
	1
	0
	0

	27
	128-37-0
	2.42
	2.59
	220.4
	5.4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	28
	131-57-7
	2.08
	1.92
	228.2
	3.6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	29
	132-27-4
	1.78
	1.57
	170.2
	3.1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	30
	135-19-3
	1.43
	1.21
	144.2
	2.6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	31
	148-24-3
	1.93
	2.48
	145.2
	2.1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1

	32
	14938-35-3
	2.26
	2.18
	164.2
	4.1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	33
	16245-79-7
	3.84
	3.35
	205.3
	5.1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	34
	99-09-2
	1.18
	0.41
	138.1
	1.3
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	35
	99-71-8
	1.69
	1.58
	150.2
	3.4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	36
	1806-26-4
	2.69
	2.86
	206.3
	5.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	37
	1879-09-0
	1.79
	1.81
	178.3
	4.1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	38
	19715-19-6
	1.89
	2.24
	250.3
	5.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	39
	20103-09-7
	2.32
	2.16
	177.0
	1.6
	0
	0
	1
	1
	0
	0
	0
	1
	1
	0

	40
	2219-82-1
	1.49
	1.47
	164.2
	3.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	41
	2243-62-1
	1.62
	1.44
	158.2
	0.9
	0
	0
	1
	1
	0
	0
	0
	1
	0
	1

	42
	23184-66-9
	2.22
	2.29
	311.9
	4.5
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0

	43
	2409-55-4
	1.78
	1.71
	164.2
	3.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	44
	2465-27-2
	1.76
	1.70
	267.4
	3.4
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1

	45
	2479-46-1
	2.00
	1.63
	292.3
	3.9
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1

	46
	25013-16-5
	1.89
	1.71
	180.2
	3.3
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	47
	25154-52-3
	3.57
	3.67
	220.4
	6.2
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	48
	31127-54-5
	0.80
	1.29
	246.2
	1.8
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1

	49
	3380-34-5
	3.03
	3.10
	289.5
	5.5
	0
	0
	0
	0
	0
	1
	0
	0
	1
	1

	50
	4286-23-1
	1.51
	1.26
	134.2
	2.6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	51
	462-08-8
	1.12
	1.17
	94.1
	0.3
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0

	52
	479-27-6
	2.97
	1.75
	158.2
	0.9
	0
	0
	1
	1
	0
	0
	1
	0
	0
	1

	53
	504-24-5
	0.80
	0.91
	94.1
	0.3
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0

	54
	504-29-0
	0.43
	0.62
	94.1
	0.3
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0

	55
	51218-49-6
	1.65
	1.79
	311.9
	4.2
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0

	56
	51963-82-7
	1.17
	0.51
	266.3
	1.7
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0

	57
	5510-99-6
	2.33
	2.42
	206.3
	5.0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	58
	554-00-7
	1.59
	1.05
	162.0
	2.7
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	59
	569-64-2
	3.45
	3.83
	364.9
	7.1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1

	60
	576-26-1
	1.05
	0.84
	122.2
	2.4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	61
	58-90-2
	2.22
	2.12
	231.9
	4.0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	62
	591-27-5
	2.38
	0.19
	109.1
	0.2
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0

	63
	599-64-4
	2.10
	2.10
	212.3
	4.3
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	64
	60-09-3
	2.63
	2.02
	197.2
	3.4
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1

	65
	615-58-7
	2.08
	1.87
	251.9
	3.3
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	66
	61788-44-1
	1.42
	1.10
	120.2
	2.2
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	67
	620-92-8
	1.22
	1.09
	200.2
	2.9
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	68
	620-93-9
	2.69
	2.70
	197.3
	4.6
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1

	69
	62-53-3
	2.46
	1.36
	93.1
	0.9
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	70
	634-93-5
	1.66
	1.27
	196.5
	3.5
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	71
	6807-17-6
	1.32
	1.65
	270.4
	5.1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	72
	69-72-7
	0.25
	0.17
	138.1
	2.2
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	73
	732-26-3
	3.38
	3.64
	262.4
	6.8
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	74
	782-74-1
	3.04
	3.00
	253.1
	4.7
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1

	75
	793-24-8
	3.07
	3.17
	268.4
	5.4
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1

	76
	79-94-7
	1.84
	2.42
	543.9
	6.8
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	77
	80-05-7
	1.24
	1.28
	228.3
	3.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	78
	843-55-0
	2.17
	2.27
	268.4
	4.8
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	79
	86-30-6
	1.30
	1.28
	198.2
	3.2
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1

	80
	87-86-5
	3.38
	3.20
	266.3
	4.7
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	81
	88-05-1
	1.05
	0.54
	135.2
	2.3
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	82
	88-60-8
	1.74
	1.68
	164.2
	3.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	83
	88-75-5
	0.70
	0.45
	139.1
	1.9
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	84
	88-85-7
	2.78
	2.48
	240.2
	3.6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	85
	89-63-4
	1.61
	1.05
	172.6
	2.6
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	86
	89-64-5
	1.34
	1.14
	173.6
	2.7
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	87
	89-72-5
	1.57
	1.44
	150.2
	3.2
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	88
	89-83-8
	1.52
	1.40
	150.2
	3.2
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	89
	90-02-8
	1.67
	1.22
	122.1
	1.8
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	90
	90-04-0
	0.73
	0.04
	123.2
	1.2
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	91
	90-30-2
	2.93
	2.92
	219.3
	4.8
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1

	92
	91-53-2
	2.46
	2.44
	217.3
	4.3
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1

	93
	91-59-8
	2.23
	1.43
	143.2
	2.1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1

	94
	91-94-1
	2.12
	1.66
	253.1
	3.6
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1

	95
	92-88-6
	2.01
	1.68
	186.2
	2.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	96
	95-51-2
	1.80
	1.05
	127.6
	1.9
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	97
	95-53-4
	0.83
	0.15
	107.2
	1.4
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	98
	95-54-5
	1.89
	1.49
	108.1
	0.1
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0

	99
	95-76-1
	2.47
	1.73
	162.0
	2.6
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0

	100
	95-81-8
	1.59
	0.99
	141.6
	2.4
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	101
	95-82-9
	1.95
	1.34
	162.0
	2.7
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	102
	95-87-4
	1.37
	1.11
	122.2
	2.4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	103
	95-95-4
	2.30
	2.10
	197.4
	3.6
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	104
	96-76-4
	2.80
	2.80
	206.3
	5.0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	105
	96-96-8
	1.58
	0.86
	168.2
	1.9
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	106
	97-39-2
	1.52
	1.42
	239.3
	3.0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1

	107
	99-76-3
	0.63
	0.42
	152.1
	2.0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	108
	99-88-7
	1.96
	1.26
	135.2
	2.3
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	109
	99-96-7
	–0.01
	–0.17
	138.1
	1.6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0


*The descriptor mw was not used for constructing equation (S1) but was used for constructing equation (3). †Indicator variables a–j refer to the following substructures: aromatic nitrogen heterocycles; primary amines without 2-substitutents; primary amines; primary, secondary, or tertiary aromatic amines; primary, secondary, or tertiary aliphatic amines; phenols; 1,3-hydroxy-substituted and 1,3-amino-substituted aromatics; 1,2- or 1,4-hydroxy-substituted aromatics and 1,2- or 1,4-amino-substituted aromatics; chloro-substituted aromatics; and more than one aromatic ring (see Figure 1).


Table S7. Training dataset for a QSAAR with the measured daphnia toxicities (da), log(1/EC50 [mM]); algae toxicities predicted with equation (S2); and the following descriptors: molecular weight (mw), calculated log POW (ClogP), and indicator variables a–j.*
	ID
	CAS no.
	da
	Predicted algae toxicity (S2)
	mw
	ClogP
	Indicator variables†

	
	
	
	
	
	
	a
	b
	c
	d
	e
	f
	g
	h
	i
	j

	1
	102-06-7
	1.42
	1.53
	211.3
	2.0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1

	2
	103-69-5
	1.45
	1.29
	121.2
	2.2
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0

	3
	101-20-2
	4.30
	3.87
	315.6
	5.5
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1

	4
	101-77-9
	1.90
	1.35
	198.3
	1.8
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1

	5
	101-80-4
	2.31
	1.59
	200.2
	1.8
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1

	6
	101-96-2
	2.61
	2.29
	220.4
	3.9
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0

	7
	104-94-9
	1.48
	0.67
	123.2
	1.0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	8
	105-67-9
	1.46
	1.09
	122.2
	2.4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	9
	106-41-2
	1.61
	1.22
	173.0
	2.6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	10
	106-44-5
	1.19
	0.84
	108.1
	2.0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	11
	106-47-8
	2.61
	1.50
	127.6
	1.9
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0

	12
	106-48-9
	1.71
	1.24
	128.6
	2.5
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	13
	106-49-0
	1.92
	1.00
	107.2
	1.4
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	14
	106-50-3
	2.52
	2.49
	108.1
	–0.3
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0

	15
	108-42-9
	2.42
	1.39
	127.6
	1.9
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0

	16
	108-45-2
	1.73
	0.54
	108.1
	–0.3
	0
	1
	1
	1
	0
	0
	1
	0
	0
	0

	17
	108-69-0
	1.74
	1.01
	121.2
	1.9
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	18
	108-95-2
	0.80
	0.52
	94.1
	1.5
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	19
	118-79-6
	2.18
	1.80
	330.8
	3.9
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	20
	119-34-6
	1.85
	2.09
	154.1
	0.8
	0
	1
	1
	1
	0
	1
	0
	1
	0
	0

	21
	119-93-7
	1.67
	1.38
	212.3
	2.5
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1

	22
	120-83-2
	1.87
	1.43
	163.0
	3.0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	23
	120-95-6
	3.29
	2.88
	234.4
	6.1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	24
	122-39-4
	2.05
	2.22
	169.2
	3.6
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1

	25
	122-66-7
	2.22
	2.18
	184.2
	3.0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1

	26
	123-30-8
	2.53
	2.36
	109.1
	0.2
	0
	1
	1
	1
	0
	1
	0
	1
	0
	0

	27
	123-31-9
	3.26
	3.28
	110.1
	0.8
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0

	28
	131-57-7
	2.08
	1.97
	228.2
	3.6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	29
	132-27-4
	1.78
	1.69
	170.2
	3.1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	30
	135-19-3
	1.43
	1.41
	144.2
	2.6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	31
	148-24-3
	1.93
	2.36
	145.2
	2.1
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1

	32
	14938-35-3
	2.26
	1.88
	164.2
	4.1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	33
	99-09-2
	1.18
	0.56
	138.1
	1.3
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	34
	99-71-8
	1.69
	1.42
	150.2
	3.4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	35
	1806-26-4
	2.69
	2.45
	206.3
	5.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	36
	1879-09-0
	1.79
	1.63
	178.3
	4.1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	37
	19715-19-6
	1.89
	2.02
	250.3
	5.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	38
	2219-82-1
	1.49
	1.36
	164.2
	3.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	39
	2243-62-1
	1.62
	2.52
	158.2
	0.9
	0
	0
	1
	1
	0
	0
	0
	1
	0
	1

	40
	2409-55-4
	1.78
	1.53
	164.2
	3.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	41
	2465-27-2
	1.76
	2.01
	267.4
	3.4
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1

	42
	25013-16-5
	1.89
	1.51
	180.2
	3.3
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	43
	2840-28-0
	1.40
	0.79
	171.6
	1.8
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	44
	31127-54-5
	0.80
	2.39
	246.2
	1.8
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1

	45
	4286-23-1
	1.51
	1.15
	134.2
	2.6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	46
	462-08-8
	1.12
	1.12
	94.1
	0.3
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0

	47
	479-27-6
	2.97
	1.77
	158.2
	0.9
	0
	0
	1
	1
	0
	0
	1
	0
	0
	1

	48
	504-24-5
	0.80
	0.93
	94.1
	0.3
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0

	49
	504-29-0
	0.43
	0.72
	94.1
	0.3
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0

	50
	51963-82-7
	1.17
	0.65
	266.3
	1.7
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0

	51
	5510-99-6
	2.33
	2.11
	206.3
	5.0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	52
	569-64-2
	3.45
	3.72
	364.9
	7.1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1

	53
	576-26-1
	1.05
	0.84
	122.2
	2.4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	54
	58-90-2
	2.22
	1.84
	231.9
	4.0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	55
	591-27-5
	2.38
	0.77
	109.1
	0.2
	0
	1
	1
	1
	0
	1
	1
	0
	0
	0

	56
	599-64-4
	2.10
	2.13
	212.3
	4.3
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	57
	60-09-3
	2.63
	2.10
	197.2
	3.4
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1

	58
	615-58-7
	2.08
	1.62
	251.9
	3.3
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	59
	620-92-8
	1.22
	1.34
	200.2
	2.9
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	60
	620-93-9
	2.69
	2.78
	197.3
	4.6
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1

	61
	62-53-3
	2.46
	1.21
	93.1
	0.9
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	62
	634-93-5
	1.66
	1.28
	196.5
	3.5
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	63
	63-74-1
	1.12
	0.14
	172.2
	–0.6
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	64
	69-72-7
	0.25
	0.36
	138.1
	2.2
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	65
	80-05-7
	1.24
	1.51
	228.3
	3.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	66
	80-09-1
	0.40
	0.70
	250.3
	2.1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	67
	87-59-2
	1.13
	0.64
	121.2
	1.8
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	68
	87-86-5
	3.38
	2.65
	266.3
	4.7
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	69
	88-05-1
	1.05
	0.70
	135.2
	2.3
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	70
	88-60-8
	1.74
	1.51
	164.2
	3.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	71
	88-75-5
	0.70
	0.54
	139.1
	1.9
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	72
	88-85-7
	2.78
	2.07
	240.2
	3.6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	73
	89-63-4
	1.61
	1.08
	172.6
	2.6
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	74
	89-64-5
	1.34
	1.07
	173.6
	2.7
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	75
	89-72-5
	1.57
	1.32
	150.2
	3.2
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	76
	89-83-8
	1.52
	1.28
	150.2
	3.2
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	77
	90-02-8
	1.67
	1.08
	122.1
	1.8
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	78
	90-05-1
	0.63
	0.39
	124.1
	1.3
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	79
	90-30-2
	2.93
	2.95
	219.3
	4.8
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1

	80
	91-53-2
	2.46
	2.58
	217.3
	4.3
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1

	81
	91-59-8
	2.23
	1.61
	143.2
	2.1
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1

	82
	91-76-9
	0.56
	1.24
	187.2
	1.0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1

	83
	91-94-1
	2.12
	1.86
	253.1
	3.6
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1

	84
	92-70-6
	0.76
	1.17
	188.2
	3.4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	85
	92-84-2
	3.56
	3.05
	199.3
	3.6
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1

	86
	92-88-6
	2.01
	1.75
	186.2
	2.7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1

	87
	93-68-5
	–0.69
	-0.23
	191.2
	0.7
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0

	88
	95-51-2
	1.80
	1.04
	127.6
	1.9
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	89
	95-53-4
	0.83
	0.38
	107.2
	1.4
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	90
	95-54-5
	1.89
	2.22
	108.1
	0.1
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0

	91
	95-64-7
	2.04
	1.17
	121.2
	1.9
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	92
	95-76-1
	2.47
	1.56
	162.0
	2.6
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0

	93
	95-78-3
	0.83
	0.48
	121.2
	1.9
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	94
	95-80-7
	0.91
	0.17
	122.2
	0.1
	0
	1
	1
	1
	0
	0
	1
	0
	0
	0

	95
	95-81-8
	1.59
	1.03
	141.6
	2.4
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	96
	95-82-9
	1.95
	1.29
	162.0
	2.7
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0

	97
	95-87-4
	1.37
	1.04
	122.2
	2.4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	98
	95-95-4
	2.30
	1.81
	197.4
	3.6
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0

	99
	96-76-4
	2.80
	2.38
	206.3
	5.0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	100
	96-96-8
	1.58
	0.91
	168.2
	1.9
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	101
	97-39-2
	1.52
	1.79
	239.3
	3.0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1

	102
	99-76-3
	0.63
	0.53
	152.1
	2.0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	103
	99-88-7
	1.96
	1.22
	135.2
	2.3
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	104
	99-96-7
	–0.01
	0.08
	138.1
	1.6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0


*The descriptor mw was not equation (S2) but was used for constructing equation (4). †Indicator variables a–j refer to the following substructures: aromatic nitrogen heterocycles; primary amines without 2-substitutents; primary amines; primary, secondary, or tertiary aromatic amines; primary, secondary, or tertiary aliphatic amines; phenols; 1,3-hydroxy-substituted aromatics and 1,3-amino-substituted aromatics; 1,2- or 1,4-hydroxy-substituted and 1,2- or 1,4-amino-substituted aromatics; chloro-substituted aromatics; and more than one aromatic ring (see Figure 1).


Table S8. Dataset used for external validation, predicted fish and algae toxicities and their residuals, and calculated log POW (ClogP) values.*
	
	CAS no.
	Fish
	Algae
	ClogP

	
	
	Predicted toxicity (S1)
	Predicted residual (S1)
	Predicted toxicity (S2)
	Predicted residual (S2)
	

	A
	88-18-6
	1.47
	0.14
	1.33
	0.73
	3.2

	B
	88-74-4
	0.50
	0.02
	0.64
	–0.15
	1.8

	C
	92-69-3
	1.53
	0.17
	1.67
	0.18
	3.4

	D
	95-55-6
	0.95
	1.26
	2.30
	0.57
	0.6

	E
	95-70-5
	1.93
	0.88
	2.53
	–0.75
	0.1

	F
	348-54-9
	1.57
	–1.40
	1.37
	–0.86
	1.3

	G
	372-19-0
	1.49
	–0.62
	1.32
	–0.95
	1.3

	H
	5329-12-4
	2.15
	0.17
	2.06
	1.34
	3.8

	I
	91-66-7
	1.19
	–0.43
	1.35
	0.37
	3.4

	J
	100-01-6
	0.11
	0.10
	0.34
	0.17
	1.3


*The fish and algae toxicities were predicted with equations (S1) and (S2), respectively. The measured toxicities, molecular weights (mw), and indicator variables a–j are listed in Table 4. Underlining indicates overestimation or underestimation.
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Appendix 3. Applicability domains based on leverage values for the QSAARs with ClogP
Following the instructions of Jaworska et al. [7], Aruoja et al. [8], and other authors [9, 10], we constructed Williams plots for the QSAARs based on ClogP values, i.e., equations (S1) and (S2) for fish and algae, respectively (Figure S4). The leverage criteria (“warning leverages” [9, 10]), h* values, were calculated as 3(k + 1)/n, where k is the number of descriptors and n is the number of the training dataset. 
Similar to the Williams plot for the fish QSAAR based on mw (Figure 4a), the Williams plot of the QSAAR based on ClogP (Figure S4b) indicated that the fish toxicities of chemicals nos. 3, 20, 26, and 62 and chemical D, which have 2-, 3- or 4-amino phenol or 4-amide phenol substructures, showed leverage values higher than h*. Chemical no. 5 in Table S6, which has a higher da value (>3.8) than almost all the other chemicals, also had a leverage value that exceeded h*. Furthermore, among the chemicals listed in Table S6, nos. 31, 51, 53, and 54, which had substructures corresponding to indicator variable a, had leverage values that were higher than h*. Overall, ten chemicals (nine chemicals from the training set of 109 chemicals and one chemical from the ten test chemicals) had leverage values that exceeded the h* criterion in the fish QSAAR based on ClogP.
The Williams plots for the algae QSAAR based on ClogP (equation (S2)) showed that chemicals no. 27 and 44, which had more than one hydroxyl groups attached to an aromatic ring, had leverage values higher than the h* criterion (= 0.231). Among the chemicals in the 104-chemical training dataset for algae, nos. 31, 46, 48, and 82 had substructures corresponding to indicator variable a; the leverage values of two of these five chemicals exceeded the h* criterion, and the leverage values of the other three chemicals were slightly smaller than the h* criterion. Overall, four chemicals from the 104-chemical training dataset had leverage values that exceeded the hat h* criterion in the algae QSAAR based on ClogP.
Note that the leverage values of chemicals with substructures covered by indicator variable a, g, or h tended to be close to the h* criterion, especially for equations (S1), and (S2). High leverage values are outside the model domain [7]. However, in the algae QSAAR based on ClogP, chemical H was an outlier for equation (S2) even though its leverage value was less than the h* criterion. This outlier can be explained in terms of the estimated log POW, as discussed in Appendix 2, and the residual for chemical H shows that the applicability domains for the algae QSAAR based on ClogP are less reliable than those for the algae QSAAR based on mw.
Summary of the applicability domains
The behaviour of the applicability domains for the QSAARs based on ClogP at the same endpoint within the current training and test datasets did not differ substantially from the behaviour for the QSAARs based on mw. However, the number of chemicals with leverage values that exceeded the h* criterion for the QSAARs based on ClogP (equations (S1) and (S2)) was slightly larger than the number for the QSAARs based on mw (equations (3) and (4)).
Insert Figure S4


Appendix 4. List of chemicals that met the log D criterion and plots based on the criterion
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Table S9. List of chemicals that met the log P(1)* – log D > 1 criterion, along with their CAS numbers, log D values at pH 7.4, and calculated log P(1) values.
	CAS no.
	Log D
(pH 7.4)
	Log P(1)*
	Fish-daphnia
toxicity data available†
	Algae-daphnia
toxicity data available†

	102-06-7
	0.01
	2.57
	Yes
	Yes

	100-63-0
	–0.11
	1.29
	Yes
	No

	118-79-6
	2.86
	4.08
	Yes
	Yes

	19715-19-6
	1.36
	5.28
	Yes
	Yes

	2465-27-2
	0.62
	3.51
	Yes
	Yes

	2840-28-0
	–1.20
	1.90
	No
	Yes

	504-24-5
	–1.59
	0.31
	Yes
	Yes

	58-90-2
	2.24
	4.32
	Yes
	Yes

	69-72-7
	–1.55
	2.37
	Yes
	Yes

	87-86-5
	2.32
	5.04
	Yes
	Yes

	88-85-7
	0.45
	3.32
	Yes
	Yes

	92-70-6
	–0.48
	3.44
	No
	Yes

	97-39-2
	0.65
	3.21
	Yes
	Yes

	99-96-7
	–1.18
	1.60
	Yes
	Yes


*Calculated with the Consensus LogP algorithm of ACD/Percepta [11]. †Toxicity data are listed as being available or not available in Table 1 (fish-daphnia) or Table 2 (algae-daphnia). The other chemicals in the training datasets (Tables 1 and 2) and the ten chemicals in the test dataset (Table 3) showed log P(1) – log D values of ≤1.
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