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The test set for this study was the same as the test set used in our previous study (see Table 3 in [1]), which comprises fish (Japanese medaka) ELS toxicity data and acute Daphnia magna toxicity data for 36 chemicals. All the fish ELS toxicity data in the test set and most of the acute Daphnia magna toxicity data were collected by the Japanese Ministry of the Environment [2] following OECD TG 210 [3] and TG 202 [4], respectively. 


Table S1. Some of selected local QSAR models described in Introduction. a
	Model
	Statistical values

	log (1/NOEC [μM]) = 1.06log P − 4.57  (1)
	n = 6, r = 0.987, s = 0.17 [5]

	log (1/NOEC [μM]) = 0.66log P − 2.05  (2)
	n = 6, r = 0.991, s = 0.16 [5]

	log (1/NOEC [μM]) = 0.90log P − 3.80  (3)
	n = 30, r = 0.956, s = 0.33 [5]

	log (T [μM]) = −0.507log P + 1.713      (4)
	n = 6, r2 = 0.75 s = 0.45 [6]


a local QSAR models (simple linear regressions between fish early-life stage toxicities and octanol/water partition coefficients [log P]) for six chlorobenzenes (equation 1) and six anilines (equation 2) by using zebrafish data and for 30 narcotic chemicals by using fathead minnow and zebrafish data (equation 3). A local QSAR model for predicting the fish early-life stage toxicities of six phenol derivative and chlorobenzene compounds by using rainbow trout data (equation 4). NOEC, T, n, r, s and r2 denote no-observed-effect concentration, chronic toxicity threshold from regression estimates, the number of chemical substances, correlation coefficient, standard error of estimate, and coefficient of determination, respectively.


Table S2. Test durations for recommended freshwater fish species, as specified in Annex 2 of OECD TG 210 [3]. a
	Species
	Test duration

	Oncorhynchus mykiss
Rainbow trout
	2 Weeks after controls are free-feeding (or 60 days post-hatch)

	Pimephales promelas
Fathead minnow
	32 Days from start of test (or 28 days post-hatch)

	Danio rerio
Zebrafish
	30 Days post-hatch

	Oryzias latipes
Japanese medaka
	30 Days post-hatch


a Fathead minnow, Japanese medaka, zebrafish and rainbow trout hatch at ca. 4–5, 8–11, 3–5 and 30–35 days, respectively, as indicated in Annex 3 of OECD TG 212 [7].


[bookmark: _Hlk13069031]Table S3. Minimum fish ELS toxicity values in each test of the chemicals in the training set. a
	Name
	ELS
	Selected endpoint b
	Species

	Aniline
	2.34
	Growth (length)
	FHM [8]

	
	1.22
	Mortality (survival)
	ZEB [5]

	3,4-Dichloroaniline
	4.50
	Growth (length)
	FHM [9]

	
	3.91
	Mortality (survival)
	ZEB [10]

	Diuron
	1.74
	Growth (length)
	FHM [11]

	Tebuthiuron
	1.39
	Growth (length)
	FHM [12]

	Dexamethasone
	3.19
	Mortality (survival)
	FHM [13]

	
	3.96
	Growth (length)
	FHM [14]

	Guthion
	4.82
	Mortality (survival)
	FHM [15]

	Bisphenol A
	2.60
	Growth (length) and mortality (survival)
	FHM [16]

	
	3.58
	Mortality (hatch and survival)
	MED [17]

	
	2.76
	Growth (length)
	ZEB [18]

	Diazinon
	3.78
	Growth (mean weight)
	FHM [19]

	2,4-Dichlorophenol
	2.75
	Mortality (survival)
	FHM [20]

	
	3.22
	Mortality (fry at four-week post swim up)
	RT [6]

	n,n-Dimethylformamide
	 –1.14
	Mortality (survival) and growth (weight)
	FHM [21]

	Diethylhexyl phthalate
	1.22
	Mortality (survival 32d)
	FHM [22]

	Isophorone
	1.10
	Growth (wet weight)
	FHM [23]

	
	0.33
	Mortality (survival)
	FHM [24]

	
	0.97
	Mortality (survival 32d)
	FHM [21]

	
	2.33
	Growth (weight)
	FHM [25]

	
	0.97
	Growth (weight)
	FHM [25]

	
	0.64
	Growth (weight)
	FHM [25]

	
	1.18
	Growth (weight)
	FHM [25]

	
	1.10
	Growth (weight)
	FHM [25]

	
	1.52
	Growth (weight)
	FHM [25]

	
	1.07
	Mortality (survival 32d)
	FHM [21]

	
	1.07
	Growth (weight)
	FHM [25]

	
	0.67
	Growth (weight)
	FHM [25]

	
	0.84
	Growth (weight)
	FHM [25]

	
	0.98
	Growth (weight)
	FHM [25]

	Parathion-methyl
	2.93
	Growth (weight)
	FHM [19]

	Phenol
	2.10
	Growth (mean weight)
	FHM [26]

	
	1.71
	Growth (mean weight)
	FHM [20]

	
	0.67
	Mortality and development
	FHM [8]

	
	2.07
	Weight (larvae only at hatch)
	RT [6]

	Chlorpyrifos
	5.34
	Growth (mean weight)
	FHM [19]

	Ibuprofen
	2.48
	Mortality (survival) and growth (weight and length)
	FHM [13]

	Pentachlorophenol
	3.98
	Growth (mean weight)
	FHM [27]

	
	3.77
	Growth (mean weight)
	FHM [20]

	
	3.36
	Mortality (survival)
	FHM [28]

	Nitroglycerine
	3.28
	Mortality (hatch)
	FHM [29]

	
	3.88
	Growth (dry weight)
	FHM [29]

	Dibutyl phthalate
	2.70
	Mortality (larval survival 20d) and hatching rate
	FHM [30]

	
	3.45
	Growth (length and weight)
	RT [31]

	2,4-Dimethylphenol
	1.79
	Growth (mean weight)
	FHM [20]

	
	2.49
	Growth (length)
	FHM [8]

	2,4,6-Trinitrotoluene
	3.08
	Mortality (hatch) and growth (length)
	FHM [29]

	
	3.24
	Mortality (survival)
	RT [32]

	Fenitrothione
	3.33
	Growth (weight)
	FHM [33]

	Permethrin
	5.77
	Mortality (survival)
	FHM [34]

	Acenaphthene
	2.67
	Growth (length and wet weight)
	FHM [23]

	
	2.65
	Growth (length and wet weight)
	FHM [23]

	
	3.31
	Growth (weight)
	FHM [25]

	
	3.38
	Growth (weight)
	FHM [25]

	
	3.66
	Growth (weight)
	FHM [25]

	
	3.15
	Growth (weight)
	FHM [25]

	
	2.67
	Growth (weight)
	FHM [25]

	
	3.02
	Growth (weight)
	FHM [25]

	
	3.38
	Mortality (survival)
	FHM [21]

	
	2.79
	Mortality (survival)
	FHM [24]

	
	3.23
	Mortality (survival)
	FHM [21]

	
	2.93
	Growth (weight)
	FHM [25]

	
	3.23
	Growth (weight)
	FHM [25]

	
	3.67
	Growth (weight)
	FHM [25]

	
	3.11
	Growth (weight)
	FHM [25]

	
	3.06
	Growth (weight)
	FHM [25]

	Fenofibrate
	3.33
	Mortality (survival) and growth (weight)
	FHM [13]

	Fluoranthene
	4.29
	Mortality (survival and hatch) and growth (wet weight and length)
	FHM [35]

	Verapamil
	3.18
	Growth (length)
	FHM [13]

	s-Methoprene
	3.81
	Growth (mean length and mean wet weight)
	FHM [36]

	C9-11 pareth-3
	2.57
	Mortality (survival) and growth (length)
	FHM [37]

	Carbamazepine
	2.44
	Mortality (survival) and growth (weight)
	FHM [13]

	Alcohols, c12-13, ethoxylated
	2.70
	Growth (dry weight)
	FHM [37]

	Alcohols, c14-15, ethoxylated
	3.07
	Growth (length)
	FHM [37]

	Triclosan
	3.27
	Mortality (hatch)
	MED [38]

	Methoxychlor
	6.28
	Mortality (hatch and survival)
	MED [39]

	Pentachloronitrobenzene
	5.47
	Mortality (hatch)
	MED [40]

	Ethylene chlorohydrin
	0.96
	Mortality (survival)
	MED [41]

	Thiophanate-methyl
	3.84
	Mortality (hatch)
	MED [40]

	2-Chlorobenzene
	1.12
	Mortality (survival)
	ZEB [5]

	1,4-Dichlorobenzene
	1.85
	Mortality (survival)
	ZEB [5]

	1,2,3-Trichlorobenzene
	2.61
	Mortality (survival)
	ZEB [5]

	4-Chlorotoluene
	1.57
	Mortality (survival)
	ZEB [5]

	3-Chloroaniline
	1.36
	Mortality (survival)
	ZEB [5]

	Pentachlorobenzene
	3.36
	Mortality (survival)
	ZEB [5]

	1,2,3,4-Tetrachlorobenzene
	2.84
	Mortality (survival)
	ZEB [5]

	2,4,5-Trichloroaniline
	3.55
	Mortality (survival)
	ZEB [5]

	3,5-Dichloroaniline
	2.21
	Mortality (survival)
	ZEB [5]

	2,3,4,5-Tetrachloroaniline
	3.62
	Mortality (survival)
	ZEB [5]

	2,4-Dinitrophenol
	2.36
	17 ℃ growth (length 21d and weight 30d)
	RT [42]

	
	2.24
	7 ℃ growth (length 35d and weight 60d)
	RT [42]

	
	2.57
	12 ℃ growth (length 14d and weight 30d)
	RT [42]

	4-Nitrophenol
	2.32
	Growth (weight at four-week post swim up)
	RT [42]

	4-Chlorophenol
	2.71
	Growth (dry weight at four-week post swim up)
	RT [6]

	1,2,4-Trichlorobenzene
	2.72
	Growth (wet and dry weight at four-week post swim up)
	RT [6]

	Dimethyl phthalate
	1.25
	Mortality (survival)
	RT [31]

	4-Nonylphenol
	4.57
	Growth (dry weight)
	RT [43]

	Picloram
	2.64
	Growth (length and weight)
	RT [44]

	Chlorfenapyr
	2.34
	Growth (length) and mortality (survival)
	RT [45]


a ELS, fish early-life stage toxicity, log (1/NOEC [mM]); selected endpoint, the endpoint that showed the lowest toxicity in each test; FHM, fathead minnow; ZEB, zebrafish; MED, Japanese medaka; and RT, rainbow trout.
[bookmark: _Hlk15279215]b If multiple endpoints were reported for a test, the endpoint with the lowest NOEC (mg L−1) value was selected. When multiple log (1/NOEC [mM]) values originating from different tests were available for a given chemical, the geometric mean of all the available values was used. In [5], NOECs were defined in terms of effects on survival, according to the US EPA ECOTOX database (available at http://cfpub.epa.gov/ecotox/). Note that data from studies involving interlaboratory comparisons, such as those reported in [21] and [25], were treated as data obtained by different laboratories. For 2,4-dinitrophenol, tests were conducted at three temperatures (7, 12 and 17 °C) to determine the fish ELS toxicities in the training set.


Table S4. Chemotypes evaluated for use as descriptors in this study. a
	Name
	Type
	Designation in ToxPrint

	ct37
	bond
	bond:C(=O)N_carboxamide_generic

	ct71
	bond
	bond:C=O_carbonyl_generic

	ct87
	bond
	bond:CC(=O)C_ketone_generic

	ct98
	bond
	bond:CN_amine_aromatic_generic

	ct101
	bond
	bond:CN_amine_pri-NH2_aromatic

	ct102
	bond
	bond:CN_amine_pri-NH2_generic

	ct115
	bond
	bond:COC_ether_aliphatic__aromatic

	ct118
	bond
	bond:COH_alcohol_aliphatic_generic

	ct123
	bond
	bond:COH_alcohol_aromatic

	ct124
	bond
	bond:COH_alcohol_aromatic_phenol

	ct129
	bond
	bond:COH_alcohol_generic

	ct178
	bond
	bond:CX_halide_aromatic-Cl_trihalo_benzene_(1_2_4-)

	ct180
	bond
	bond:CX_halide_aromatic-X_dihalo_benzene_(1_2-)

	ct181
	bond
	bond:CX_halide_aromatic-X_dihalo_benzene_(1_3-)

	ct182
	bond
	bond:CX_halide_aromatic-X_dihalo_benzene_(1_4-)

	ct185
	bond
	bond:CX_halide_aromatic-X_generic

	ct190
	bond
	bond:CX_halide_aromatic-X_trihalo_benzene_(1_2_3-)

	ct192
	bond
	bond:CX_halide_generic-X_dihalo_(1_2-)

	ct196
	bond
	bond:N(=O)_nitro_aromatic

	ct197
	bond
	bond:N(=O)_nitro_C

	ct215
	bond
	bond:NC=O_aminocarbonyl_generic

	ct302
	bond
	bond:X[any]_halide

	ct422
	chain
	chain:alkaneBranch_isopropyl_C3

	ct424
	chain
	chain:alkaneBranch_neopentyl_C5

	ct432
	chain
	chain:alkaneCyclic_ethyl_C2_(connect_noZ)

	ct437
	chain
	chain:alkaneLinear_ethyl_C2(H_gt_1)

	ct438
	chain
	chain:alkaneLinear_ethyl_C2_(connect_noZ_CN=4)

	ct439
	chain
	chain:alkaneLinear_propyl_C3

	ct440
	chain
	chain:alkaneLinear_butyl_C4

	ct441
	chain
	chain:alkaneLinear_hexyl_C6

	ct442
	chain
	chain:alkaneLinear_octyl_C8

	ct475
	chain
	chain:aromaticAlkane_Ph-C1_acyclic_connect_H_gt_1

	ct476
	chain
	chain:aromaticAlkane_Ph-C1_acyclic_connect_noDblBd

	ct477
	chain
	chain:aromaticAlkane_Ph-C1_acyclic_generic

	ct487
	chain
	chain:aromaticAlkane_Ph-C1_cyclic

	ct586
	ring
	ring:aromatic_benzene


a The chemotypes (ct) are from ToxPrint, a publicly available set of chemical substructures or subgraphs that can be used as molecular descriptors [46]. From this set, we selected chemotypes that were present in at least 6 of the original 74 chemicals.


Table S5. Selected models subjected to evaluation in our previous study [1] (77 training data).a
	[bookmark: _Hlk517777990]Model ID
	Model

	ID 1
	Y = 0.60 + 1.15b −2.08AvedE + 0.75Ct432 + 0.0098mw −0.35a_nCl −2.29a_nP + 0.61a_nS + 0.65da

	ID 2
	Y = 0.50 + 1.17b −2.14AvedE + 0.77Ct192 + 0.77Ct432 + 0.010mw −0.45a_nCl −2.45a_nP + 0.65a_nS + 0.60da

	ID 3
	Y = 0.80 + 1.11b + 0.87Ct135 + 0.71Ct432 + 0.010mw −0.48a_nCl −1.47a_nP + 0.55da −0.016smom2 −0.0076smom3

	ID 4
	Y = −0.0083 + 1.20Ct135 + 0.87Ct432 + 0.24log DpH10 + 0.0057mw −1.43a_nP + 0.49da −0.0077smom3

	Ct432
	Y = 1.72 + 1.08Ct432 + 0.70da

	QAAR
	Y = 1.91 + 0.68da


[bookmark: _Hlk510447193]aID 1−4 were generated on the basis of a genetic algorithm. Y, mw, and da were fish ELS log (1/NOEC [mM]), molecular weight, and Daphnia magna acute log (1/EC50 [mM]). a_nCl, a_nP, and a_nS were the number of Cl, P and S atoms in each compound. AvedE, smom2, and smom3 were averaged correction for the dielectric energy, the second and third σ-moments calculated by COSMOtherm and TURBOMOLE. Ct135, Ct192, and Ct432 were the indicator variables of a 'CS_sulfide' bond, a 'CX_halide_generic-X_dihalo_(1_2-)' bond, and an 'alkaneCyclic_ethyl_C2_(connect_noZ)' chain, respectively. Structural indicator variables b was the presence/absence of a carbon attached to a chlorine atom. 


Table S6. Statistical values and the number of residuals with z > 1.0 for the models in Table S5 [1].
	　
	RMSE
	R2adj
	Q2adj
	k
	RMSEext
	Q2ext
	r2ext
	z > 1.0
	zext > 1.0

	ID 1
	0.69
	0.79
	0.74
	8
	0.89
	0.16
	0.38
	6
	8

	ID 2
	0.67
	0.80
	0.75
	9
	0.91
	0.12
	0.39
	5
	8

	ID 3
	0.67
	0.80
	0.75
	9
	0.93
	0.09
	0.36
	6
	7

	ID 4
	0.72
	0.78
	0.73
	7
	0.87
	0.20
	0.52
	8
	6

	Ct432
	1.11
	0.50
	0.45
	2
	0.63
	0.58
	0.56
	14
	2

	QAAR
	1.18
	0.45
	0.41
	1
	0.64
	0.57
	0.56
	16
	2


RMSE, root mean square error; R2adj, coefficient of determination adjusted for the number of degrees of freedom; Q2adj, leave-one-out cross-validated R2adj; LOF, lack of fit score; k, number of descriptors; z, residual between measured and estimated fish early-life stage (ELS) toxicities, log (1/NOECmeasured) – log (1/NOECestimated); r2ext, squared correlation coefficient for the relationship between measured and estimated fish ELS toxicities in the test set; Q2ext, external explained variance; subscript 'ext' indicates results from the test set used for external validation.



1

Table S7. Model residuals (z) for the 55 chemicals in the training set. a
	TrID
	CAS no.
	Name
	GA1
	GA2
	GA3
	GA4
	GA5
	QSAR
	QAAR
	QSAAR 1
	QSAAR 2
	QSAAR 3
	Min b

	1
	62-53-3
	Aniline
	–0.17
	–0.12
	–0.13
	–0.16
	–0.12
	0.19
	–1.85
	–1.94
	–0.57
	–0.53
	–1.94

	2
	95-76-1
	3,4-Dichloroaniline
	1.61
	1.67
	1.59
	1.64
	1.59
	1.59
	1.11
	0.95
	1.41
	1.13
	0.95

	3
	330-54-1
	Diuron
	–0.75
	–0.77
	–0.61
	–0.68
	–0.72
	–1.15
	–0.89
	–0.88
	–1.00
	–1.00
	–1.15

	4
	34014-18-1
	Tebuthiuron
	0.26
	0.27
	0.17
	–0.12
	0.36
	–0.51
	–0.12
	0.12
	–0.03
	0.47
	–0.51

	5
	50-02-2
	Dexamethasone
	0.07
	–0.01
	–0.03
	0.08
	0.12
	0.47
	1.17
	1.35
	0.86
	1.16
	–0.03

	6
	86-50-0
	Guthion
	0.08
	0.08
	0.22
	0.23
	0.18
	1.58
	–0.47
	–0.41
	0.32
	0.58
	–0.47

	7
	80-05-7
	Bisphenol A
	0.10
	0.07
	0.04
	0.06
	0.08
	0.16
	0.31
	0.14
	0.30
	–0.04
	–0.04

	8
	333-41-5
	Diazinon
	0.05
	0.03
	–0.22
	–0.27
	0.17
	0.84
	–0.61
	–0.47
	0.00
	0.38
	–0.61

	9
	120-83-2
	2,4-Dichlorophenol
	0.69
	0.65
	0.78
	0.76
	0.65
	0.90
	0.03
	–0.08
	0.62
	0.49
	–0.08

	10
	68-12-2
	n,n-Dimethylformamide
	–0.02
	–0.02
	–0.08
	–0.01
	0.02
	–1.37
	–1.11
	–0.94
	–0.54
	–0.09
	–1.37

	11
	117-81-7
	Diethylhexyl phthalate
	–1.59
	–1.62
	–1.60
	–1.67
	–1.38
	–2.92
	–1.66
	–1.54
	–2.51
	–2.42
	–2.92

	12
	78-59-1
	Isophorone
	0.13
	0.11
	–0.07
	0.14
	0.22
	–0.72
	–0.67
	–0.52
	–0.37
	–0.01
	–0.72

	13
	298-00-0
	Parathion-methyl
	–0.82
	–0.77
	–0.68
	–0.73
	–0.79
	–0.04
	–0.52
	–0.52
	–0.34
	–0.30
	–0.82

	14
	108-95-2
	Phenol
	0.04
	0.05
	0.16
	0.04
	0.02
	0.03
	–0.77
	–0.85
	0.01
	–0.01
	–0.85

	15
	2921-88-2
	Chlorpyrifos
	1.16
	1.10
	0.75
	0.83
	1.23
	1.64
	0.93
	0.92
	1.03
	1.02
	0.75

	16
	15687-27-1
	Ibuprofen
	0.28
	0.25
	0.33
	0.25
	0.30
	–0.15
	0.62
	0.55
	0.36
	0.19
	–0.15

	17
	87-86-5
	Pentachlorophenol
	–0.07
	–0.17
	–0.06
	–0.01
	–0.16
	0.29
	0.91
	0.73
	0.53
	0.10
	–0.17

	18
	55-63-0
	Nitroglycerine
	0.42
	0.71
	0.03
	0.47
	0.30
	1.29
	1.32
	1.15
	1.48
	1.16
	0.03

	19
	84-74-2
	Dibutyl phthalate
	0.23
	0.16
	0.33
	0.22
	0.39
	–0.49
	0.00
	0.12
	–0.34
	–0.14
	–0.49

	20
	105-67-9
	2,4-Dimethylphenol
	0.26
	0.26
	0.35
	0.27
	0.29
	0.40
	–0.73
	–0.78
	0.08
	0.11
	–0.78

	21
	118-96-7
	2,4,6-Trinitrotoluene
	–0.30
	–0.14
	–0.16
	–0.22
	–0.36
	0.51
	0.62
	0.54
	0.64
	0.49
	–0.36

	22
	122-14-5
	Fenitrothione
	–0.93
	–0.92
	–0.82
	–0.81
	–0.85
	0.28
	–1.35
	–1.34
	–0.70
	–0.55
	–1.35

	23
	52645-53-1
	Permethrin
	–0.43
	–0.36
	–0.33
	–0.44
	–0.41
	0.72
	2.02
	2.03
	0.92
	0.73
	–0.44

	24
	83-32-9
	Acenaphthene
	0.25
	0.34
	0.27
	0.23
	0.31
	–0.10
	0.45
	0.42
	0.16
	0.05
	–0.10

	25
	49562-28-9
	Fenofibrate
	0.40
	0.31
	0.58
	0.46
	0.48
	–0.59
	1.12
	1.24
	0.13
	0.20
	–0.59

	26
	206-44-0
	Fluoranthene
	0.52
	0.73
	0.45
	0.45
	0.58
	–0.17
	2.06
	2.00
	0.71
	0.35
	–0.17

	27
	52-53-9
	Verapamil
	0.10
	0.05
	0.41
	0.17
	0.26
	–0.43
	0.48
	0.76
	–0.09
	0.38
	–0.43

	28
	40596-69-8
	s-Methoprene
	0.40
	0.37
	0.06
	0.43
	0.58
	–0.01
	0.41
	0.56
	–0.01
	0.24
	–0.01

	29
	68439-46-3
	C9-11 pareth-3
	0.41
	0.30
	0.38
	0.49
	0.13
	–0.99
	–0.28
	0.23
	–0.75
	0.22
	–0.99

	30
	298-46-4
	Carbamazepine
	0.45
	0.63
	0.59
	0.44
	0.54
	–0.37
	0.59
	0.66
	0.21
	0.28
	–0.37

	31
	66455-14-9
	Alcohols, c12-13, ethoxylated
	–0.06
	–0.17
	–0.13
	0.03
	–0.30
	–1.22
	–0.94
	–0.43
	–1.32
	–0.34
	–1.32

	32
	68951-67-7
	Alcohols, c14-15, ethoxylated
	0.06
	–0.05
	–0.04
	0.13
	–0.17
	–1.24
	–0.59
	–0.08
	–1.23
	–0.29
	–1.24

	33
	3380-34-5
	Triclosan
	–0.76
	–0.70
	–0.79
	–0.69
	–0.77
	–0.34
	–0.44
	–0.58
	–0.58
	–0.89
	–0.89

	34
	72-43-5
	Methoxychlor
	0.68
	0.72
	0.78
	0.68
	0.71
	2.12
	1.99
	1.97
	1.72
	1.64
	0.68

	35
	82-68-8
	Pentachloronitrobenzene
	1.09
	1.10
	1.16
	1.18
	1.10
	1.31
	2.04
	2.01
	1.41
	1.23
	1.09

	36
	107-07-3
	Ethylene chlorohydrin
	–0.32
	–0.36
	–0.42
	–0.32
	–0.42
	0.46
	–0.33
	–0.34
	0.62
	0.76
	–0.42

	37
	23564-05-8
	Thiophanate-methyl
	–0.03
	–0.48
	–0.08
	–0.02
	–0.15
	0.78
	1.36
	1.12
	1.08
	0.54
	–0.48

	38
	108-90-7
	2-Chlorobenzene
	–0.57
	–0.57
	–0.49
	–0.55
	–0.55
	–1.29
	–1.03
	–1.09
	–1.02
	–1.13
	–1.29

	39
	106-46-7
	1,4-Dichlorobenzene
	–0.38
	–0.34
	–0.30
	–0.33
	–0.38
	–0.72
	–0.66
	–0.73
	–0.60
	–0.75
	–0.75

	40
	87-61-6
	1,2,3-Trichlorobenzene
	–0.31
	–0.28
	–0.26
	–0.26
	–0.29
	–0.44
	–0.47
	–0.54
	–0.50
	–0.64
	–0.64

	41
	106-43-4
	4-Chlorotoluene
	–0.61
	–0.63
	–0.55
	–0.58
	–0.57
	–1.05
	–1.26
	–1.31
	–1.10
	–1.17
	–1.31

	42
	108-42-9
	3-Chloroaniline
	–0.70
	–0.70
	–0.70
	–0.65
	–0.69
	–0.56
	–2.18
	–2.32
	–1.23
	–1.36
	–2.32

	43
	608-93-5
	Pentachlorobenzene
	–0.82
	–0.77
	–0.79
	–0.75
	–0.81
	–0.80
	0.10
	0.04
	–0.60
	–0.85
	–0.85

	44
	634-66-2
	1,2,3,4-Tetrachlorobenzene
	–0.78
	–0.75
	–0.75
	–0.71
	–0.76
	–0.68
	–0.63
	–0.69
	–0.81
	–0.98
	–0.98

	45
	636-30-6
	2,4,5-Trichloroaniline
	0.19
	0.29
	0.17
	0.24
	0.14
	0.43
	0.48
	0.31
	0.40
	0.03
	0.03

	46
	626-43-7
	3,5-Dichloroaniline
	–0.37
	–0.30
	–0.40
	–0.33
	–0.40
	–0.20
	–0.99
	–1.17
	–0.53
	–0.82
	–1.17

	47
	634-83-3
	2,3,4,5-Tetrachloroaniline
	–0.40
	–0.31
	–0.45
	–0.35
	–0.44
	–0.03
	0.18
	0.00
	–0.10
	–0.51
	–0.51

	48
	51-28-5
	2,4-Dinitrophenol
	–0.29
	–0.22
	–0.13
	–0.23
	–0.33
	0.36
	–0.24
	–0.29
	0.24
	0.23
	–0.33

	49
	100-02-7
	4-Nitrophenol
	0.04
	–0.05
	0.11
	0.05
	–0.02
	0.50
	–0.18
	–0.32
	0.43
	0.25
	–0.32

	50
	106-48-9
	4-Chlorophenol
	1.15
	1.05
	1.20
	1.20
	1.11
	1.19
	0.04
	–0.12
	0.88
	0.71
	–0.12

	51
	120-82-1
	1,2,4-Trichlorobenzene
	–0.02
	0.03
	0.04
	0.03
	–0.03
	–0.28
	0.14
	0.06
	–0.06
	–0.25
	–0.28

	52
	131-11-3
	Dimethyl phthalate
	–0.68
	–0.70
	–0.47
	–0.65
	–0.61
	–1.08
	–0.84
	–0.75
	–0.80
	–0.60
	–1.08

	53
	104-40-5
	4-Nonylphenol
	0.83
	0.85
	0.70
	0.79
	0.34
	0.85
	0.71
	0.61
	0.56
	0.34
	0.34

	54
	1918-02-1
	Picloram
	–0.01
	–0.15
	–0.41
	–0.39
	–0.11
	0.09
	0.60
	0.44
	0.47
	0.11
	–0.41

	55
	122453-73-0
	Chlorfenapyr
	0.27
	0.25
	0.31
	–0.04
	0.36
	0.96
	0.04
	0.03
	0.14
	0.13
	–0.04


a CAS no. refers to the CAS Registry NumberTM. Residual (z) is defined as log(1/NOECmeasured [mM]) − log(1/NOECestimated [mM]). The models are listed in Table 3. Yellow highlighting denotes z values of >1.
b The lowest residual for each chemical is listed in this column.


Table S8. Model residuals (zext) for the 36 chemicals in the test set. a
	ExID
	CAS no.
	Name
	GA1
	GA2
	GA3
	GA4
	GA5
	QSAR
	QAAR
	QSAAR 1
	QSAAR 2
	QSAAR 3
	Min b

	1
	67-66-3
	Chloroform
	–1.18
	–1.09
	–1.42
	–1.20
	–1.30
	–0.06
	–0.14
	–0.25
	0.19
	0.03
	–1.42

	2
	82-68-8
	Pentachloronitrobenzene
	–0.19
	–0.18
	–0.12
	–0.10
	–0.18
	0.01
	0.77
	0.74
	0.13
	–0.05
	–0.19

	3
	84-15-1
	o-Terphenyl
	0.51
	0.64
	0.43
	0.48
	0.63
	0.28
	0.81
	0.77
	0.30
	0.12
	0.12

	4
	85-68-7
	Butyl benzyl phthalate
	0.33
	0.32
	0.39
	0.32
	0.50
	–0.30
	0.20
	0.29
	–0.20
	–0.08
	–0.30

	5
	87-86-5
	Pentachlorophenol
	0.03
	–0.10
	0.01
	0.13
	–0.02
	0.97
	0.28
	0.10
	0.46
	0.12
	–0.10

	6
	92-52-4
	Biphenyl
	–0.42
	–0.30
	–0.45
	–0.45
	–0.34
	–0.64
	–0.40
	–0.45
	–0.61
	–0.74
	–0.74

	7
	95-51-2
	o-Chloroaniline
	0.11
	0.11
	0.17
	0.16
	0.11
	0.06
	–1.06
	–1.18
	–0.29
	–0.41
	–1.18

	8
	97-00-7
	1-Chloro-2,4-dinitrobenzene
	0.38
	0.35
	0.51
	0.50
	0.37
	0.82
	0.20
	0.16
	0.50
	0.46
	0.16

	9
	99-87-6
	p-Cymene
	–0.46
	–0.40
	–0.44
	–0.47
	–0.38
	–0.65
	–0.64
	–0.66
	–0.65
	–0.70
	–0.70

	10
	104-94-9
	p-Anisidine
	0.57
	0.64
	0.71
	0.60
	0.62
	0.57
	–0.32
	–0.31
	0.34
	0.48
	–0.32

	11
	106-46-7
	p-Dichlorobenzene
	0.01
	0.03
	0.07
	0.06
	0.02
	–0.18
	–0.48
	–0.55
	–0.27
	–0.38
	–0.55

	12
	106-49-0
	p-Toluidine
	0.63
	0.70
	0.73
	0.65
	0.69
	0.75
	–0.73
	–0.76
	0.26
	0.36
	–0.76

	13
	108-90-7
	Chlorobenzene
	0.96
	0.96
	1.04
	0.98
	0.98
	0.24
	0.50
	0.45
	0.51
	0.40
	0.24

	14
	111-65-9
	Octane
	0.47
	0.54
	–0.05
	0.44
	–0.01
	0.31
	0.00
	–0.04
	0.03
	–0.04
	–0.05

	15
	111-85-3
	1-Chlorooctane
	–0.87
	–0.88
	–1.20
	–0.88
	–1.44
	0.26
	–0.23
	–0.25
	–0.09
	–0.10
	–1.44

	16
	115-32-2
	Kelthane
	0.30
	0.34
	0.22
	0.36
	0.32
	0.75
	0.46
	0.31
	0.33
	0.00
	0.00

	17
	117-81-7
	Bis(2-ethylhexyl) phthalate
	–0.23
	–0.25
	–0.20
	–0.28
	–0.04
	–1.30
	–0.04
	0.07
	–0.89
	–0.82
	–1.30

	18
	122-34-9
	6-Chloro-N,N'-diethyl-1,3,5-triazine-2,4-diamine
	–0.69
	–0.78
	–1.01
	–1.04
	–0.62
	–0.89
	–1.24
	–1.20
	–1.09
	–0.98
	–1.24

	19
	123-30-8
	4-Aminophenol
	1.47
	1.51
	1.55
	1.51
	1.51
	2.04
	–0.19
	–0.27
	1.20
	1.27
	–0.27

	20
	124-48-1
	Dibromochloromethane
	–0.82
	–0.74
	–1.08
	–0.83
	–0.93
	0.43
	0.05
	–0.06
	0.47
	0.34
	–1.08

	21
	127-18-4
	Tetrachloroethylene
	–1.48
	–1.46
	–1.73
	–1.47
	–1.53
	–0.05
	–0.90
	–0.94
	–0.38
	–0.38
	–1.73

	22
	128-37-0
	2,6-Di-tert-butyl-4-methylphenol
	0.10
	0.17
	0.06
	0.08
	0.18
	0.08
	0.28
	0.23
	0.03
	–0.12
	–0.12

	23
	129-00-0
	Pyrene
	0.38
	0.58
	0.28
	0.34
	0.47
	0.06
	1.50
	1.44
	0.47
	0.16
	0.06

	24
	132-65-0
	Dibenzothiophene
	–0.01
	0.15
	–0.04
	–0.01
	0.05
	0.19
	0.28
	0.21
	0.07
	–0.10
	–0.10

	25
	140-66-9
	4-t-Octylphenol
	0.25
	0.25
	0.18
	0.26
	–0.27
	0.78
	–0.40
	–0.50
	0.08
	–0.05
	–0.50

	26
	141-43-5
	Monoethanolamine
	2.13
	2.63
	2.06
	2.17
	2.28
	1.02
	0.26
	0.52
	1.15
	1.83
	0.26

	27
	606-20-2
	2,6-Dinitrotoluene
	0.51
	0.60
	0.64
	0.54
	0.51
	0.63
	0.87
	0.84
	0.86
	0.81
	0.51

	28
	611-19-8
	2-Chlorobenzyl chloride
	0.83
	0.83
	0.88
	0.90
	0.86
	0.88
	0.05
	–0.02
	0.47
	0.41
	–0.02

	29
	782-74-1
	1,2-Bis(2-chlorophenyl) hydrazine
	1.62
	1.67
	1.57
	1.66
	1.65
	1.78
	0.99
	0.85
	1.31
	1.08
	0.85

	30
	793-24-8
	N-1,3-Dimethylbutyl-N'-phenyl-p-phenylenediamine
	1.29
	1.39
	1.24
	1.29
	1.37
	1.63
	1.05
	0.97
	1.21
	1.08
	0.97

	31
	1806-26-4
	p-Octylphenol
	1.45
	1.49
	1.39
	1.43
	0.95
	1.42
	1.27
	1.20
	1.21
	1.07
	0.95

	32
	3380-34-5
	Triclosan
	–0.04
	0.02
	–0.07
	0.03
	–0.04
	0.36
	0.19
	0.05
	0.08
	–0.22
	–0.22

	33
	4170-30-3
	Crotonaldehyde
	2.60
	2.54
	2.38
	2.67
	2.70
	2.69
	0.52
	0.61
	1.99
	2.43
	0.52

	34
	6165-51-1
	2-(1-Phenylethyl)-p-xylene
	0.49
	0.54
	0.48
	0.49
	0.60
	0.54
	0.09
	0.07
	0.19
	0.16
	0.07

	35
	13048-33-4
	Hexane-1,6-diyl diacrylate
	1.41
	1.29
	1.19
	1.47
	0.94
	1.24
	0.52
	0.69
	0.99
	1.41
	0.52

	36
	25154-52-3
	Nonylphenol
	0.24
	0.27
	0.12
	0.19
	–0.24
	0.11
	–0.04
	–0.11
	–0.18
	–0.36
	–0.36


a CAS no. refers to the CAS Registry NumberTM. The test set for external validation comprised early-life stage toxicity data for Japanese medaka collected by the Japanese Ministry of the Environment [2]. Residual (zext) is defined as log(1/NOECmeasured [mM]) − log(1/NOECestimated [mM]). The models are listed in Table 3. Yellow highlighting denotes zext values of >1.
 b The lowest residual for each chemical is listed in this column.

Table S9. Fish ELS toxicity data for outlier chemicals in the training set, as listed in Table 6. a
	TrID
	Name
	ELS
	Selected endpoint
	Species

	2
	3,4-Dichloroaniline
	4.50
	Growth [length]
	FHM [9]

	
	
	3.91
	Mortality [survival]
	ZEB [10]

	5
	Dexamethasone
	3.19
	Mortality [survival]
	FHM [13]

	
	
	3.96
	Growth [length]
	FHM [14]

	6
	Guthion
	4.82
	Mortality [survival]
	FHM [15]

	
	
	2.76
	Growth [length]
	ZEB [18]

	15
	Chlorpyrifos
	5.34
	Growth [mean weight]
	FHM [19]

	18
	Nitroglycerine
	3.28
	Mortality [hatch]
	FHM [29]

	
	
	3.88
	Growth [dry weight]
	FHM [29]

	23
	Permethrin
	5.77
	Mortality [survival]
	FHM [34]

	25
	Fenofibrate

	3.33

	Mortality [survival] and growth [weight]
	FHM [13]


	26



	Fluoranthene



	4.29



	Mortality [survival and hatch] and growth [wet weight and length]
	FHM [35]



	34
	Methoxychlor

	6.28

	Mortality [hatch and survival]
	MED [39]

	35

	Pentachloronitrobenzene b

	5.47


	Mortality [hatch]


	MED [40]


	37
	Thiophanate-methyl
	3.84
	Mortality [hatch]
	MED [40]

	50

	4-Chlorophenol

	2.71

	Growth [dry weight at four-week post swim up]
	RT [6]



a The data in this table are duplicated from Table S3. ELS, fish early-life stage toxicity, log (1/NOEC [mM]); FHM, fathead minnow; ZEB, zebrafish; MED, Japanese medaka; and RT, rainbow trout.
[bookmark: se]b Also present in the test set.


Table S10. Fish ELS toxicity data for outlier chemicals in the test set, as listed in Table 7. a
	ExID
	Name
	ELS
	Japanese Ministry of the Environment medaka selected endpoint [2]

	13
	2-Chlorobenzene b
	2.65
	Growth [length]

	19
	4-Aminophenol
	3.23
	Growth [weight]

	23

	Pyrene

	4.61

	Growth [length and weight] abnormal appearance 

	26
	Monoethanolamine
	1.71
	Growth [length and weight]

	29

	1,2-Bis(2-chlorophenyl)hydrazine
	4.78

	Growth [weight]


	30

	N-1,3-Dimethylbutyl-N'-phenyl-p-phenylenediamine
	4.86

	Growth [length and weight]


	31
	p-Octylphenol
	4.80
	Growth [weight]

	33
	Crotonaldehyde
	3.45
	Growth [length and weight]

	35

	Hexane-1,6-diyl diacrylate

	3.50

	Growth [length and weight] abnormal appearance


a ELS, fish early-life stage toxicity, log (1/NOEC [mM]).
b Also present in the training set.
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