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Table S1. Chemotypes evaluated for use as molecular descriptors in this study.a
	Name
	Type
	Label in Toxprint

	Chemotype13
	bond
	bond:C#N_nitrile_genericb

	Chemotype15
	bond
	bond:C#N_nitrile

	Chemotype35
	bond
	bond:C(=O)N_carboxamide_(NHR)

	Chemotype37
	bond
	bond:C(=O)N_carboxamide_generic

	Chemotype44
	bond
	bond:C(=O)O_carboxylicAcid_generic

	Chemotype46
	bond
	bond:C(=O)O_carboxylicEster_acyclic

	Chemotype49
	bond
	bond:C(=O)O_carboxylicEster_alkyl

	Chemotype71
	bond
	bond:C=O_carbonyl_generic

	Chemotype75
	bond
	bond:CC(=O)C_ketone_aliphatic_generic

	Chemotype87
	bond
	bond:CC(=O)C_ketone_generic

	Chemotype98
	bond
	bond:CN_amine_aromatic_generic

	Chemotype114
	bond
	bond:COC_ether_aliphatic

	Chemotype115
	bond
	bond:COC_ether_aliphatic__aromatic

	Chemotype118
	bond
	bond:COH_alcohol_aliphatic_generic

	Chemotype129
	bond
	bond:COH_alcohol_generic

	Chemotype132
	bond
	bond:COH_alcohol_ter-alkyl

	Chemotype135
	bond
	bond:CS_sulfide

	Chemotype142
	bond
	bond:CX_halide_alkenyl-X_generic

	Chemotype152
	bond
	bond:CX_halide_alkyl-F_trifluoro_(1_1_1-)

	Chemotype155
	bond
	bond:CX_halide_alkyl-X_benzyl_alkane

	Chemotype159
	bond
	bond:CX_halide_alkyl-X_dihalo_(1_1-)

	Chemotype164
	bond
	bond:CX_halide_alkyl-X_generic

	Chemotype169
	bond
	bond:CX_halide_alkyl-X_trihalo_(1_1_1-)

	Chemotype181
	bond
	bond:CX_halide_aromatic-X_dihalo_benzene_(1_3-)

	Chemotype185
	bond
	bond:CX_halide_aromatic-X_generic

	Chemotype188
	bond
	bond:CX_halide_aromatic-X_halo_phenol_ortho

	Chemotype189
	bond
	bond:CX_halide_aromatic-X_halo_phenol_para

	Chemotype192
	bond
	bond:CX_halide_generic-X_dihalo_(1_2-)

	Chemotype215
	bond
	bond:NC=O_aminocarbonyl_generic

	Chemotype260
	bond
	bond:P~S_generic

	Chemotype302
	bond
	bond:X[any]_halide

	Chemotype422
	chain
	chain:alkaneBranch_isopropyl_C3

	Chemotype423
	chain
	chain:alkaneBranch_t-butyl_C4

	Chemotype424
	chain
	chain:alkaneBranch_neopentyl_C5

	Chemotype432
	chain
	chain:alkaneCyclic_ethyl_C2_(connect_noZ)

	Chemotype437
	chain
	chain:alkaneLinear_ethyl_C2(H_gt_1)

	Chemotype438
	chain
	chain:alkaneLinear_ethyl_C2_(connect_noZ_CN=4)

	Chemotype439
	chain
	chain:alkaneLinear_propyl_C3

	Chemotype440
	chain
	chain:alkaneLinear_butyl_C4

	Chemotype457
	chain
	chain:alkeneCyclic_ethene_generic

	Chemotype467
	chain
	chain:alkeneLinear_mono-ene_ethylene_generic

	Chemotype475
	chain
	chain:aromaticAlkane_Ph-C1_acyclic_connect_H_gt_1

	Chemotype476
	chain
	chain:aromaticAlkane_Ph-C1_acyclic_connect_noDblBd

	Chemotype477
	chain
	chain:aromaticAlkane_Ph-C1_acyclic_generic

	[bookmark: Editing]Chemotype480
	chain
	chain:aromaticAlkane_Ph-C2

	Chemotype577
	group
	group:ligand_path_5-7_bidentate

	Chemotype586
	ring
	ring:aromatic_benzene

	Chemotype588
	ring
	ring:aromatic_phenyl

	Chemotype617
	ring
	ring:hetero_[5]_N_triazole_(1_2_4-)

	Chemotype618
	ring
	ring:hetero_[5]_N_triazole_(1_3_4-)

	Chemotype631
	ring
	ring:hetero_[5]_Z_1_2_4_1_3_4-Z

	Chemotype632
	ring
	ring:hetero_[5]_Z_1_2-Z

	Chemotype633
	ring
	ring:hetero_[5]_Z_1_3-Z

	Chemotype655
	ring
	ring:hetero_[6]_N_pyridine

	Chemotype656
	ring
	ring:hetero_[6]_N_pyridine_genericc

	Chemotype669
	ring
	ring:hetero_[6]_Z_1-

	Chemotype679
	ring
	ring:hetero_[6]_Z_generic


[bookmark: _Hlk518998524][bookmark: _GoBack]a From ToxPrint, a publically available set of chemotypes (chemical substructures or subgraphs) that can be used as molecular descriptors [1], we selected 55 chemotypes on the basis of two criteria: (1) the chemotype had be present in at least six of the original 94 chemicals and (2) no chemotype could overlap with another chemotype within the 94 chemicals. b This chemotype was omitted because it overlapped with Chemotype15. c This chemotype was omitted because it overlapped with Chemotype655.
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Table S2. Model residuals (z) for the 77 chemicals in the training dataset.a
	TrID
	ID 1
	ID 2
	ID 3
	ID 4
	QSAR
	Ct432
	Mwda
	QAAR

	1
	–0.258
	–0.188
	–0.383
	–0.272
	0.641
	–1.570
	–0.121
	–1.724

	2
	0.710
	0.148
	0.710
	0.938
	1.952
	0.541
	1.446
	0.387

	3
	0.969
	0.386
	1.037
	1.086
	1.376
	1.087
	1.392
	0.921

	4
	–0.177
	–0.143
	–0.591
	–0.902
	–1.710
	–1.173
	–1.173
	–1.358

	5
	–0.573
	–0.566
	–0.655
	–0.585
	–0.974
	–0.799
	–0.706
	–0.972

	6
	0.274
	0.253
	–0.687
	–1.216
	–0.365
	0.014
	0.002
	–0.162

	7
	–0.312
	–0.159
	–0.267
	–0.379
	–0.888
	–0.103
	–0.606
	–0.263

	8
	–0.125
	–0.056
	0.138
	0.333
	–0.329
	0.469
	0.107
	0.298

	9
	–0.871
	–0.807
	–0.533
	0.006
	–0.890
	0.006
	–0.349
	–0.170

	10
	–0.204
	–0.068
	0.073
	0.188
	–0.677
	0.557
	–0.144
	0.389

	11
	–0.029
	–0.181
	–0.171
	–0.217
	1.328
	1.196
	1.018
	2.164

	12
	–0.997
	–0.790
	–1.438
	–0.851
	–2.176
	–1.409
	–1.469
	–1.600

	13
	–0.111
	0.283
	–0.141
	–0.998
	–0.172
	0.067
	–0.415
	–0.068

	14
	–0.284
	–0.198
	–0.041
	0.200
	–2.130
	–1.295
	–0.785
	–1.531

	15
	–0.909
	–0.884
	–0.621
	–0.777
	–0.889
	–1.792
	–0.242
	–0.911

	16
	0.511
	0.505
	0.570
	0.713
	1.014
	–0.194
	0.082
	–0.312

	17
	–0.302
	–0.225
	–0.613
	–0.671
	–0.570
	–1.605
	–0.554
	–1.788

	18
	–0.101
	–0.130
	0.099
	–0.243
	–0.920
	–0.166
	–0.692
	–0.323

	19
	0.578
	0.771
	0.576
	0.340
	0.928
	1.784
	1.391
	1.612

	20
	0.277
	0.264
	0.651
	0.466
	0.774
	–0.045
	0.505
	–0.203

	21
	0.482
	0.452
	0.866
	0.899
	1.164
	0.577
	0.596
	0.446

	22
	–0.184
	–0.159
	0.153
	–0.263
	0.212
	–0.698
	–0.050
	–0.859

	23
	0.182
	0.241
	–0.121
	–0.074
	0.308
	–0.865
	0.120
	–1.037

	24
	1.191
	1.238
	0.577
	0.979
	–0.156
	–0.974
	0.356
	–0.081

	25
	–0.340
	–0.289
	–0.272
	–0.425
	–0.154
	–2.024
	–1.856
	–2.102

	26
	–0.417
	–0.459
	–0.286
	–1.018
	–1.750
	–0.460
	–1.402
	–0.613

	27
	0.033
	–0.055
	–0.048
	0.068
	0.232
	1.351
	0.444
	1.204

	28
	0.297
	0.235
	0.341
	0.775
	0.955
	1.162
	0.785
	1.021

	29
	–0.081
	–0.137
	0.044
	–0.560
	1.266
	–0.533
	0.555
	0.425

	30
	0.942
	0.996
	0.873
	0.656
	1.002
	–0.230
	0.294
	–0.365

	31
	–0.291
	–0.290
	–0.262
	–0.416
	1.421
	–1.004
	0.240
	–1.133

	32
	–0.798
	–0.785
	–0.791
	–0.499
	–1.186
	–1.344
	–1.164
	–1.508

	33
	–0.381
	–0.355
	0.013
	–0.228
	–0.058
	–1.433
	–0.777
	–1.571

	34
	–0.027
	0.029
	–0.193
	–0.044
	–0.416
	–1.404
	–1.375
	–1.516

	35
	–0.182
	–0.229
	0.232
	0.025
	–1.432
	0.191
	–0.417
	–0.003

	36
	2.026
	2.008
	1.590
	1.366
	1.735
	2.019
	1.831
	1.861

	37
	0.579
	0.605
	0.449
	1.086
	1.085
	1.869
	1.240
	1.718

	38
	–0.514
	–0.446
	–0.303
	–0.548
	1.477
	0.345
	0.858
	1.312

	39
	–0.083
	0.001
	–0.039
	–0.451
	0.875
	0.706
	0.997
	1.642

	40
	–0.504
	–0.345
	–0.314
	–0.566
	–1.086
	–0.301
	–0.740
	–0.465

	41
	–0.637
	–0.631
	–0.688
	–0.779
	1.006
	–1.301
	0.655
	–0.381

	42
	0.322
	0.286
	0.450
	0.162
	1.771
	0.571
	1.200
	0.426

	43
	–0.340
	–0.289
	–0.007
	–0.030
	–0.455
	0.384
	–0.164
	0.224

	44
	–1.212
	–1.003
	–0.794
	–1.327
	–1.290
	–2.325
	–1.686
	–2.478

	45
	1.935
	1.944
	1.676
	1.449
	1.789
	2.008
	2.207
	1.825

	46
	–1.266
	–1.136
	–1.158
	–1.351
	–0.584
	–0.445
	–0.744
	–0.588

	47
	0.235
	0.387
	0.384
	0.136
	–0.286
	0.624
	0.115
	0.458

	48
	–0.113
	–0.040
	0.071
	0.765
	1.988
	0.560
	1.521
	0.402

	49
	0.955
	0.941
	0.695
	0.848
	1.105
	0.808
	0.863
	0.660

	50
	–0.533
	–0.455
	–1.369
	0.033
	–0.622
	0.876
	–0.406
	0.737

	51
	0.369
	0.327
	0.237
	0.570
	1.177
	2.544
	1.154
	2.419

	52
	0.757
	0.798
	0.736
	0.836
	0.083
	1.550
	0.648
	1.385

	53
	0.034
	0.029
	0.044
	0.540
	1.608
	–0.088
	0.648
	–0.216

	54
	–0.154
	–0.042
	–0.779
	–0.118
	0.773
	–0.251
	–0.323
	–0.354

	55
	–0.452
	–0.481
	–0.717
	0.144
	0.218
	0.885
	1.022
	1.791

	56
	0.369
	0.345
	0.181
	–0.133
	0.049
	0.342
	0.083
	0.189

	57
	0.650
	0.715
	0.972
	1.501
	0.525
	1.535
	1.142
	1.355

	58
	–1.168
	–1.100
	–1.342
	–0.904
	–0.465
	–2.955
	–2.315
	–3.037

	59
	–0.538
	–0.495
	–0.403
	–0.486
	–1.359
	–1.579
	–1.558
	–1.728

	60
	–0.036
	–0.036
	–0.223
	–0.682
	–1.857
	–0.554
	–1.115
	–0.735

	61
	–0.709
	–1.350
	–0.748
	–0.857
	–1.387
	0.024
	–0.857
	–0.140

	62
	–0.047
	–0.091
	–0.044
	–0.283
	–1.261
	0.443
	–0.457
	0.267

	63
	1.509
	1.539
	1.466
	1.682
	2.234
	1.868
	2.455
	2.792

	64
	–0.474
	–0.528
	0.041
	–0.673
	–1.407
	–0.347
	–1.236
	–0.493

	65
	–0.198
	–0.224
	–0.322
	–0.484
	–0.239
	–0.239
	–0.412
	–0.384

	66
	1.049
	0.691
	1.237
	1.152
	1.543
	–0.247
	0.088
	–0.342

	67
	–1.219
	–1.174
	–1.152
	–0.663
	–1.133
	–0.222
	–0.770
	–0.385

	68
	–0.639
	–0.503
	–0.463
	–0.421
	0.640
	0.192
	0.190
	0.056

	69
	0.464
	0.506
	0.539
	0.539
	0.715
	0.632
	1.189
	1.545

	70
	0.898
	0.831
	0.784
	0.524
	1.207
	1.004
	0.466
	0.895

	71
	–0.459
	–0.523
	–0.089
	–0.010
	–2.609
	–1.033
	–1.118
	–0.155

	72
	1.225
	1.336
	1.159
	1.164
	0.707
	2.039
	1.020
	1.889

	73
	0.207
	0.235
	0.238
	0.155
	–1.436
	–0.736
	–0.855
	–0.920

	74
	–0.448
	–0.424
	–0.372
	0.060
	0.308
	0.483
	–0.047
	0.355

	75
	–0.832
	–0.929
	–0.480
	–0.411
	–0.777
	0.314
	–0.409
	0.154

	76
	–0.095
	–0.053
	0.003
	–0.789
	–1.672
	0.324
	–0.912
	0.157

	77
	0.593
	0.124
	0.012
	0.223
	–1.431
	–0.209
	–0.503
	–0.406


a Residual (z) was defined as log(1/NOECmeasured [mM]) − log(1/NOECestimated [mM]). The models are listed in Table 3

Table S3. Chemical ID, and Model residuals (z_ext) for the 36 chemicals in the external validation dataset.a
	ExID
	ID 1
	ID 2
	ID 3
	ID 4
	QSAR
	Ct432
	Mwda
	QAAR

	1
	0.251
	0.573
	0.075
	0.212
	0.127
	–0.262
	0.472
	–0.455

	2
	0.599
	0.251
	0.762
	0.153
	0.585
	0.707
	0.565
	0.553

	3
	0.782
	0.779
	0.592
	0.349
	1.493
	0.752
	1.159
	0.601

	4
	–0.079
	–0.108
	0.132
	–0.339
	–0.464
	0.120
	–0.244
	–0.040

	5
	0.763
	0.437
	0.784
	0.359
	1.063
	0.232
	0.525
	0.093

	6
	–0.038
	–0.007
	–0.166
	–0.168
	0.721
	–0.482
	0.385
	–0.643

	7
	–1.017
	–0.885
	–1.216
	–0.469
	0.201
	–1.144
	–0.123
	–1.310

	8
	0.314
	0.425
	–0.058
	0.703
	1.087
	0.134
	0.723
	–0.020

	9
	–0.240
	–0.202
	–0.422
	–0.355
	0.584
	–0.719
	0.261
	–0.884

	10
	0.827
	0.891
	0.818
	0.786
	0.763
	–0.410
	0.571
	–0.582

	11
	–0.645
	–0.439
	–0.631
	–0.199
	0.535
	–0.563
	0.297
	–0.729

	12
	0.370
	0.435
	0.298
	0.350
	0.859
	–0.808
	0.403
	–0.972

	13
	0.131
	0.260
	0.056
	0.946
	1.196
	0.396
	1.295
	0.212

	14
	0.450
	0.491
	0.251
	0.373
	2.137
	–0.063
	1.298
	–0.212

	15
	–0.739
	–0.634
	–0.617
	0.053
	1.545
	–0.288
	0.812
	–0.436

	16
	0.233
	0.627
	0.207
	–0.650
	0.178
	0.415
	–0.066
	0.280

	17
	–1.043
	–1.112
	–1.260
	–1.850
	–1.856
	–0.119
	–1.183
	–0.286

	18
	–1.019
	–0.904
	–1.199
	–0.654
	–0.493
	–1.311
	–0.763
	–1.469

	19
	1.473
	1.551
	1.396
	1.265
	1.816
	–0.254
	1.084
	–0.407

	20
	–1.052
	–0.970
	–1.477
	–0.020
	–0.290
	–0.058
	0.112
	–0.239

	21
	–0.694
	–1.081
	–0.472
	–0.572
	0.145
	–0.971
	–0.180
	–1.131

	22
	0.464
	0.471
	–0.139
	–0.084
	0.909
	0.213
	0.646
	0.058

	23
	1.380
	1.384
	1.259
	1.178
	2.110
	1.426
	1.927
	1.266

	24
	–0.237
	–0.270
	0.262
	0.304
	1.470
	0.213
	0.978
	0.061

	25
	0.119
	0.134
	–0.161
	–0.473
	1.253
	–0.440
	0.382
	–0.574

	26
	2.006
	2.112
	2.581
	2.415
	0.857
	0.134
	1.213
	–0.066

	27
	1.580
	1.619
	1.229
	1.164
	0.885
	0.763
	1.156
	0.583

	28
	–0.081
	0.118
	0.126
	0.497
	1.521
	–0.014
	0.937
	–0.166

	29
	0.607
	0.773
	0.402
	0.669
	1.687
	0.939
	1.258
	0.795

	30
	1.219
	1.210
	0.839
	0.706
	1.589
	0.998
	1.203
	0.854

	31
	1.759
	1.778
	1.439
	0.998
	2.253
	1.204
	1.810
	1.053

	32
	0.078
	0.329
	–0.210
	–0.372
	0.452
	0.136
	0.164
	–0.008

	33
	1.592
	1.666
	1.987
	2.300
	2.492
	0.441
	1.928
	0.276

	34
	0.160
	0.164
	0.024
	–0.055
	1.196
	0.033
	0.662
	–0.113

	35
	1.181
	1.202
	1.374
	1.062
	0.720
	0.442
	0.711
	0.278

	36
	0.305
	0.314
	–0.014
	–0.470
	1.109
	–0.093
	0.508
	–0.236


a Residual (z_ext) was defined as log(1/NOECmeasured [mM]) − log(1/NOECestimated [mM]). The models are listed in Table 3.
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Table S4. Statistical values for the evaluated models, along with residuals (z) between measured and estimated fish early-life stage toxicities.a
	　
	ID 1
	ID 2
	ID 3
	ID 4
	QSAR
	Ct432
	Mwda
	QAAR

	RMSE
	0.69
	0.67
	0.67
	0.72
	1.18
	1.11
	0.98
	1.18

	SE
	0.73
	0.72
	0.72
	0.76
	1.19
	1.14
	1.00
	1.19

	r2
	0.82
	0.83
	0.83
	0.80
	0.46
	0.52
	0.62
	0.46

	q2
	0.77
	0.78
	0.78
	0.76
	0.43
	0.47
	0.59
	0.42

	r2adj
	0.79
	0.80
	0.80
	0.78
	0.45
	0.50
	0.61
	0.45

	q2adj
	0.74
	0.75
	0.75
	0.73
	0.42
	0.45
	0.58
	0.41

	AIC
	180.67
	178.30
	178.57
	184.95
	249.88
	243.05
	223.55
	249.42

	LOF
	0.75
	0.76
	0.76
	0.76
	1.47
	1.38
	1.07
	1.46

	F-statistic
	37.65
	35.34
	35.19
	39.48
	63.22
	39.48
	61.51
	64.04

	k
	8
	9
	9
	7
	1
	2
	2
	1

	
	
	
	
	
	
	
	
	

	z
	
	
	
	
	
	
	
	

	Median
	−0.11
	−0.07
	−0.04
	−0.04
	−0.06
	0.01
	−0.05
	−0.14

	Average
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Minimum
	−1.27
	−1.35
	−1.44
	−1.35
	−0.10
	−2.95
	−2.31
	−3.04

	Maximum
	2.03
	2.01
	1.68
	1.68
	2.23
	2.54
	2.45
	2.79

	Variance
	0.48
	0.45
	0.45
	0.52
	1.41
	1.26
	0.97
	1.40

	
	
	
	
	
	
	
	
	

	z < −1.0
	4
	5
	5
	4
	18
	16
	12
	14

	z > 1.0
	6
	5
	6
	8
	21
	14
	15
	16

	z < −1.5
	0
	0
	0
	0
	7
	7
	4
	11

	z > 1.5
	3
	3
	2
	2
	8
	9
	4
	11

	h*
	0.35
	0.39
	0.39
	0.31
	0.078
	0.12
	0.12
	0.078


[bookmark: se]a RMSE, root mean square error; SE, residual standard error; r2, coefficient of determination; q2, leave-one-out cross-validated coefficient of determination; r2adj, r2 adjusted for the number of degrees of freedom; q2adj, q2 adjusted for the number of degrees of freedom; AIC, Akaike’s information criterion; LOF, lack of fit score; k, number of descriptors; z, log(1/NOECmeasured) − log(1/NOECestimated); h*, warning leverage.


Table S5. Statistical values for the external validation dataset for the evaluated models, along with residuals (z_ext) between measured and estimated fish early-life stage toxicities.a
	　
	ID 1
	ID 2
	ID 3
	ID 4
	QSAR
	Ct432
	Mwda
	QAAR

	RMSE_ext
	0.89
	0.91
	0.93
	0.87
	0.31
	0.63
	0.52
	0.64

	r2ext
	0.38
	0.39
	0.36
	0.52
	−0.64
	0.56
	0.09
	0.56

	Q2ext
	0.16
	0.12
	0.09
	0.20
	1.25
	0.58
	0.93
	0.57

	
	
	
	
	
	
	
	
	

	z_ext
	
	
	
	
	
	
	
	

	Median
	0.28
	0.38
	0.13
	0.26
	0.90
	0.08
	0.61
	−0.09

	Average
	0.33
	0.37
	0.25
	0.28
	0.90
	0.05
	0.64
	−0.11

	Minimum
	−1.05
	−1.11
	−1.48
	−1.85
	−1.86
	−1.31
	−1.18
	−1.47

	Maximum
	2.01
	2.11
	2.58
	2.41
	2.49
	1.43
	1.93
	1.27

	Variance
	0.70
	0.72
	0.82
	0.70
	0.77
	0.40
	0.47
	0.41

	
	
	
	
	
	
	
	
	

	z_ext < −1.0
	4
	2
	4
	1
	1
	2
	1
	3

	z_ext > 1.0
	8
	8
	7
	6
	17
	2
	11
	2

	z_ext < −1.5
	0
	0
	0
	1
	1
	0
	0
	0

	z_ext > 1.5
	4
	5
	2
	2
	9
	0
	3
	0


a RMSE, root mean square error; r2ext, squared correlation coefficient for the relationship between measured and estimated early-life stage toxicities in the external dataset; Q2ext, external explained variance [2]. Residual (z_ext) was defined as log(1/NOECmeasured) − log(1/NOECestimated). The subscript 'ext' indicates results for the external dataset.



Figure S1. Structures of the 77 chemicals in the training dataset. Numbers in red indicate chemicals for which the data originated from the OPP Pesticide Ecotoxicity Database [3, 4] (see Table 1).
[image: ]
[image: ]


Figure S2. Structures of the 36 chemicals in the external validation dataset.
[image: ]
Figure S3 Chemicals bearing Chemotype432 (Ct432, an 'alkaneCyclic_ethyl_C2_(connect_noZ)' chain).
[image: ]
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