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Table S1: Detailed description of RASAR descriptors.

RA function

The descriptor RA function encapsulates the information from all the different
selected structural and physicochemical descriptors.

SD_activity

This is a measure of the dispersion of the response values of the close source
congeners for each query compound, measured in terms of weighted standard
deviation.

CV _activity This is the coefficient of variation of the response values of close source
compounds

SE This is the standard error of the response values of the close source congeners
for each query compound

Avg.Sim. This refers to the average similarity values of the close congeners

Pos.Avg.Sim. This refers to the average similarity values of the close positive/active
congeners

Neg.Avg.Sim. This refers to the average similarity values of the close negative/inactive

congeners

SD_similarity

This is the dispersion in the similarity values among the close source congeners

CVsim This is the coefficient of variation of the similarity values of close source
compounds

MaxPos This represents the similarity of the query compound to the closest
positive/active compound

MaxNeg This represents the similarity of the query compound to the closest
negative/inactive compound

AbsDiff This is an indicator of the absolute difference between the similarities of the
query compound to the closest positive source compound and the closest
negative source compound.

gm [Banerjee-Roy | This identifies the propensity of a query compound to become positive or

concordance negative.

coefficient]
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Table S2: Detailed molecular descriptors information of the complete dataset (first generation).

Metal oxide | ID |Y MW Nmetat | Noxy 4 1 Ym0 | Yox

AL,0O3 1 3.44 101.96 2.00 3.00 1.61 3.22 1.07 3.00
CeO; 2 1080 |172.11 | 1.00 2.00 1.12 |1.12 056 |4.00
Co0304 3 -1.04 |240.80 |3.00 4.00 188 |564 [141 |[267
CoO 4 4.00 74.93 1.00 1.00 1.88 | 1.88 1.88 2.00
Cr03 5 44.72 151.99 2.00 3.00 1.66 |3.32 1.11 3.00
CuO 6 50.00 | 79.55 1.00 1.00 1.90 |1.90 1.90 2.00
FexOs 7 11.04 159.69 | 2.00 3.00 1.83 |3.66 1.22 3.00
Fe;04 8 13.04 |[231.53 |3.00 4.00 1.83 |5.49 1.37 2.67
Gd,03 9 11.36 362.50 2.00 3.00 1.20 |2.40 0.80 3.00
HfO, 10 11.04 210.49 1.00 2.00 1.30 | 1.30 0.65 4.00
[n>O3 11 7.12 277.63 2.00 3.00 1.78 | 3.56 1.19 3.00
La,03 12 13.28 325.81 2.00 3.00 1.10 | 2.20 0.73 3.00
Mn;03 13 17.20 157.87 2.00 3.00 1.55 ]3.10 1.03 3.00
NiO 14 | 34.56 74.69 1.00 1.00 1.91 1.91 1.91 2.00
Ni,03 15 18.32 165.38 2.00 3.00 1.91 3.82 1.27 3.00
Sbo03 16 |9.04 291.52 2.00 3.00 2.05 |4.10 1.37 3.00
SiO, 17 10.48 60.08 1.00 2.00 1.90 | 1.90 0.95 4.00
SnO» 18 | 2.56 150.71 1.00 2.00 1.96 | 1.96 0.98 4.00
TiO, 19 19.92 79.87 1.00 2.00 1.54 | 1.54 10.77 4.00
WO3 20 ]9.04 231.84 | 1.00 3.00 236 236 |0.79 6.00
Y203 21 19.36 225.81 | 2.00 3.00 1.22 244 ]0.81 3.00
Yb203 22 | 11.84 394.08 | 2.00 3.00 1.10 [2.20 ]0.73 3.00
Zn0 23 | 42.72 81.38 1.00 1.00 1.65 | 1.65 1.65 2.00
7r0» 24 |7.36 123.22 | 1.00 2.00 1.33 | 1.33 0.67 4.00
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Table S2 (continued): Detailed molecular descriptors information of the complete dataset.

Metal oxide | Zmetal | Z metal | PNmetal | A 1) Vmetal | Ometal | Y Ometal | Y Oloxy | .0 Emetal | Eoxy | )€ Ye/N | Co)? | O &/N)?
AL>0O3 13.00 | 3.00 3.00 333 10.50 |3.00 |1.67 |3.33 099 432 |-0.77]11.47|0.70 |0.14 | 18.69 | 0.02
CeO2 58.00 | 2.00 6.00 28.00 | 0.20 | 4.00 | 5.60 | 5.60 0.66 | 626 |-500|1.47|-3.53|-1.18 |39.19 |1.38
Co304 27.00 | 2.00 4.00 12.50 | 0.33 | 5.00 |4.17 | 1250 |1.32 |13.82|-3.57|1.47|-2.10|-0.30 | 190.99 | 0.09
CoO 27.00 |2.00 |4.00 12.50 | 0.33 | 5.00 |4.17 |4.17 033 |4.50 |-3.57]147|-2.10|-1.05]20.22 |1.10
Cr20; 2400 | 1.00 |4.00 |23.00]033 |6.00 |7.67 [1533 [0.99 |1632|-737|1.47|-5.90 | -1.18 | 266.45 | 1.39
CuO 29.00 | 1.00 | 4.00 28.00 | 0.33 | 4.00 |9.33 |9.33 033 |[9.66 |-9.03|1.47]|-7.56|-3.78 | 93.38 | 14.30
Fe2O3 26.00 | 2.00 |4.00 12.00 | 0.33 | 6.00 |4.00 |8.00 099 |899 |-340|147|-193|-0.39|80.82 |0.15
Fe;04 26.00 | 2.00 |4.00 12.00 | 0.33 | 6.00 |4.00 |12.00 |1.32 |13.32|-340|1.47|-1.93|-0.28 | 177.42 | 0.08
Gd,03 64.00 | 2.00 6.00 31.00 | 0.20 | 3.00 |6.20 | 1240 |0.99 |13.39|-560|1.47|-4.13|-0.83|179.29|0.68
HfO» 72.00 | 2.00 6.00 35.00 { 0.20 | 4.00 | 7.00 | 7.00 0.66 |7.66 |-640|1.47|-4.93|-1.64 |58.68 |2.70
[n20O3 49.00 | 3.00 5.00 15.3310.25 | 3.00 |3.83 | 7.67 099 | 866 |-293|1.47|-1.46|-0.29 |74.94 |0.09
La,03 57.00 | 2.00 6.00 27.50 1020 |3.00 |550 |11.00 |0.99 |11.99|-490|1.47|-3.43|-0.69 | 143.76 | 0.47
Mn20Os 25.00 | 2.00 4.00 11.50 | 0.33 | 7.00 | 3.83 | 7.67 099 |866 |-3.23|1.47|-1.76|-035|74.94 |0.12
NiO 28.00 | 2.00 4.00 13.00 | 0.33 | 4.00 |4.33 |4.33 033 |4.66 |-3.73|1.47|-2.26|-1.13 |21.75 |1.28
Ni203 28.00 | 2.00 4.00 13.00 | 0.33 | 4.00 |4.33 | 8.67 099 |9.66 |-3.73|1.47|-2.26|-0.45|93.25 |0.20
Sbo03 51.00 | 5.00 5.00 9.20 [0.25 |5.00 |2.30 |4.60 099 |559 |-0.80]|1.47|0.67 |0.13 |31.25 |0.02
SiO» 14.00 | 4.00 3.00 250 1050 |4.00 |1.25 |1.25 066 |191 |-0.05|147 (142 |047 |3.65 0.22
SnO» 50.00 | 4.00 5.00 11.50 | 0.25 | 4.00 |2.88 | 2.88 0.66 |3.54 |-1.68|1.47|-0.21|-0.07 | 12.50 | 0.00
TiO> 22.00 | 2.00 |4.00 10.00 | 0.33 | 4.00 |3.33 |3.33 0.66 399 |-2.73|147|-1.26|-0.42 {1595 |0.18
WO; 74.00 | 2.00 | 6.00 36.00 | 0.20 | 6.00 |7.20 | 7.20 099 |8.19 |-6.60|1.47|-513|-1.28 |67.08 | 1.64
Y20; 39.00 [2.00 |5.00 18.50 | 0.25 | 3.00 |4.63 |9.25 0.99 |10.24|-4.03|1.47|-2.56|-0.51 | 104.86 | 0.26
Yb203 70.00 | 2.00 | 6.00 34.00 | 0.20 | 3.00 |6.80 |13.60 |0.99 |14.59|-6.20|1.47|-4.73|-0.95 | 212.87 | 0.89
Zn0 30.00 | 2.00 |4.00 14.00 | 0.33 | 2.00 | 4.67 |4.67 033 |5.00 |-4.07|147]|-2.60|-1.30|2497 |1.69
7r0; 40.00 | 2.00 | 5.00 19.00 | 0.25 | 4.00 |4.75 |4.75 0.66 |541 |-415|147]|-2.68|-0.89|29.27 |0.80
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Table S2 (continued): Detailed molecular descriptors information of dataset (third generation).

Metal oxide | ao I Ea Ametal Fion

AL,0O3 184.00 5.99 0.44 2.70 67.50
CeO> 235.00 5.54 0.50 6.77 101.00
Co0304 192.00 7.88 0.66 8.86 67.00
CoO 192.00 7.88 0.66 8.86 88.50
Cr03 189.00 6.77 0.67 7.15 75.50
CuO 140.00 7.73 1.23 8.93 87.00
Fe,03 194.00 7.90 0.16 7.87 69.00
Fe;04 194.00 7.90 0.16 7.87 72.50
Gd,03 237.00 6.15 0.21 7.90 107.80
HfO» 212.00 6.83 0.18 13.30 85.00
IO 193.00 5.79 0.30 7.31 94.00
Lay0O3 240.00 5.58 0.50 6.15 117.20
Mn,03 197.00 7.43 -0.05 7.30 72.00
NiO 163.00 7.64 1.16 8.91 83.00
Ni2O3 163.00 7.64 1.16 8.91 70.00
Sb203 206.00 8.64 1.07 6.69 90.00
SiO; 210.00 8.15 1.39 2.33 54.00
SnO» 217.00 7.34 1.20 7.29 83.00
TiO; 187.00 6.83 0.08 4.50 74.50
WO3 210.00 7.98 0.82 19.30 74.00
Y>03 219.00 6.22 0.31 4.47 104.00
Yb2O3 242.00 6.25 -0.02 6.90 100.80
Zn0O 139.00 9.39 -0.60 7.13 88.00
V4{0)) 186.00 6.63 0.43 6.52 86.00
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Table S3: nano-QSTR model and applicability domain information.

ID | Metal oxide | >y o)’ | a0 | %EI Zebrafish | Pred %EI Zebrafish | Outlier Info.
Training set
1 AL,O3 322 | 18.69 | 184 3.44 8.76 -
7 | FexOs 3.66 | 80.82 | 194 11.04 10.74 -
8 | Fes04 549 | 17742 | 194 13.04 14.16 -
9 | Gd)O3 24 |1179.29 | 237 11.36 13.07 -
10 | HfO, 1.3 58.68 | 212 11.04 13.06 -
11 | O3 3.56 | 74.94 | 193 7.12 10.91 -
12 | LaxOs 2.2 | 143.76 | 240 13.28 7.81 -
13 | MnoOs 3.1 74.94 | 197 17.2 11.76 -
14 | NiO 1.91 | 21.75 | 163 34.56 25.83 -
17 | SiO» 1.9 3.65 | 210 10.48 2.68 -
18 | SnO» 1.96 | 12.50 | 217 2.56 0.53 -
19 | TiO» 1.54 | 1595 | 187 9.92 16.57 -
20 | WOs 2.36 | 67.08 | 210 9.04 9.13 -
21 | Y203 244 | 104.86 | 219 9.36 10.12 -
23 | ZnO 1.65 | 24.97 | 139 42.72 38.29 -
24 | 7rO» 1.33 | 29.27 | 186 7.36 20.10 -
Test set
2 | CeOs 1.12 | 39.19 | 235 10.8 1.20 -
3 | Co304 5.64 | 190.99 | 192 -1.04 16.13 -
4 | CoO 1.88 | 20.22 | 192 4 13.06 -
5 | CnOs 3.32 | 266.45 | 189 44.72 41.35 Outside AD
6 | CuO 1.9 93.38 | 140 50 46.20 -
15 | Ni2Os 3.82 | 93.25 | 163 18.32 25.21 -
16 | SbOs 4.1 31.25 | 206 9.04 -4.09 -
22 | Yb2O3 2.2 | 212.87 | 242 11.84 16.80 -
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Table S4: nano-qRASTR model and applicability domain information.

Metal Outlier
ID oxide Yy | SE(LK) | CVsim(LK) | %EI Zebrafish | Pred %EI Zebrafish | Info.
Training set
1 AL,O3 3.22 4.313 1.247 3.44 9.59 -
7 Fe O3 3.66 2.161 1.279 11.04 9.08 -
8 Fe304 5.49 2.787 2.810 13.04 12.34 Outlier
9 Gd 03 2.4 1.364 1.909 11.36 15.26 -
10 | HfO» 1.3 2.385 1.194 11.04 7.30 -
11 | InOs 3.56 2.205 1.216 7.12 8.97 -
12 | LayOs 2.2 1.609 1.748 13.28 12.09 -
13 | MnyOs 3.1 2.280 1.059 17.2 11.06 -
14 | NiO 1.91 8.339 1.296 34.56 30.10 -
17 | Si02 1.9 3.245 1.095 10.48 3.19 -
18 | SnO» 1.96 3.358 1.123 2.56 5.00 -
19 | TiO» 1.54 4.930 1.025 9.92 14.68 -
20 | WOs 2.36 1.524 0.975 9.04 6.77 -
21 | Y20;5 2.44 1.570 1.253 9.36 10.53 -
23 | ZnO 1.65 | 11.470 1.827 42.72 40.81 -
24 | ZrO» 1.33 5.090 1.122 7.36 16.75 -
Test set
2 CeO2 1.12 2.127 0.757 10.8 7.37 -
3 C0304 5.64 2.839 2.799 -1.04 15.08 -
4 CoO 1.88 4.149 0.582 4 16.29 -
Outside
5 Cr20s 3.32 1.470 0.621 44.72 45.03 AD
6 CuO 1.9 8.398 1.270 50 43.14 -
15 | Ni2Os 3.82 4.251 1.003 18.32 24.90 -
16 | SbyO; 4.1 1.667 0.583 9.04 5.55 -
22 | YboOs 2.2 1.316 1.773 11.84 22.33 -
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Table S5: Y-randomization results of nano-qRASTR.

MODEL TYPE |R R? Q%*Loo | MODEL TYPE |R R? Q*Loo

Original 0.90 | 0.81 0.69 Random 31 | 0.19 | 0.03 -0.50
Random 1 0.51 | 0.26 | -0.67 Random 32 | 0.29 | 0.08 | -0.99
Random 2 0.75] 0.57 | -0.28 Random 33 | 0.34| 0.12| -0.43
Random 3 0.39| 0.16 | -1.21 Random 34 | 0.54| 0.30 | -0.24
Random 4 029 | 0.09 | -0.40 Random 35| 0.25| 0.06 | -0.97
Random 5 0.55] 031 | -0.98 Random 36 | 0.41 | 0.16 -0.60
Random 6 042 0.18 | -0.34 Random 37 | 040 | 0.16 | -1.66
Random 7 048 | 0.23 | -1.46 Random 38 | 0.67 | 0.45| -1.33
Random 8 0.27 | 0.07 | -0.50 Random 39 | 0.16 | 0.03 -0.69
Random 9 0.28 | 0.08 | -0.79 Random 40 | 0.28 | 0.08 -0.46
Random 10 0.53 | 0.28 | -0.31 Random 41 | 0.90 | 0.82 0.52
Random 11 0.18 | 0.03| -0.43 Random42 | 0.58 | 0.34| -0.23
Random 12 026 | 0.07 | -0.50 Random43 | 0.65| 042 | -0.68
Random 13 043 ] 0.18 | -0.83 Random 44 | 0.26 | 0.07 | -1.33
Random 14 0.38| 0.14 | -1.18 Random 45 | 0.34| 0.11 -0.41
Random 15 0.28 | 0.08 | -0.34 Random46 | 040 | 0.16 | -1.88
Random 16 0.65| 0.43 | 0.04 Random 47 | 044 | 0.19| -1.48
Random 17 0.53| 0.28 | -0.83 Random48 | 0.72 | 0.52 | -0.29
Random 18 0.53 | 0.28 | -0.14 Random49 | 0.19 | 0.04 | -0.27
Random 19 0.28 | 0.08 | -0.37 Random 50 | 0.27 | 0.07 | -0.34
Random 20 0.39 | 0.15] -0.28 Random 51 | 0.42 | 0.18 -0.47
Random 21 0.56 | 0.32| -0.33 Random 52 | 0.47 | 0.22 -1.18
Random 22 0.56 | 031 | -0.46 Random 53 | 0.67 | 045| -0.15
Random 23 040 | 0.16 | -0.35 Random 54 | 0.36 | 0.13 -0.47
Random 24 045] 0.20| -0.22 Random 55| 0.23 | 0.05| -0.74
Random 25 0.29 | 0.08 | -0.29 Random 56 | 0.38 | 0.15 -0.61
Random 26 023 0.05| -0.71 Random 57 | 047 | 0.22| -0.80
Random 27 0.28 | 0.08 | -0.87 Random 58 | 0.33 | 0.11 -0.64
Random 28 0.58 | 0.33 | -0.95 Random 59 | 0.38 | 0.15| -0.46
Random 29 0.55] 0.30| -0.18 Random 60 | 0.17 | 0.03 -0.50
Random 30 0.36 | 0.13 | -0.42 Random 61 | 0.61 | 0.37 | -0.22
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Random 62 041] 0.17 | -0.23 Random 82 | 0.64 | 0.41 -0.28
Random 63 0.59 | 0.35| -1.21 Random 83 | 0.50 | 0.25 -0.50
Random 64 0.30| 0.09| -1.14 Random 84 | 0.30 | 0.09 -0.27
Random 65 0.26 | 0.07 | -0.37 Random 85 | 0.37 | 0.14| -1.23
Random 66 0.23 ] 0.05| -0.49 Random 86 | 0.26 | 0.07 -0.38
Random 67 0.32 | 0.10| -0.41 Random 87 | 0.60 | 0.36 -0.01
Random 68 042 0.18 | -0.64 Random 88 | 0.22 | 0.05 -0.67
Random 69 0.55| 030 | -0.43 Random 89 | 0.48 | 0.23 -0.16
Random 70 0.58 | 0.34| -0.62 Random 90 | 0.34 | 0.12 -1.05
Random 71 0.73 ] 0.53 | -0.06 Random 91 | 0.22 | 0.05 -0.47
Random 72 046 | 021 | -1.32 Random 92 | 0.25 | 0.06 -1.00
Random 73 048 023 | -0.41 Random 93 | 0.50 | 0.25 -1.18
Random 74 034 0.12| -1.19 Random 94 | 0.37 | 0.14 -1.23
Random 75 0.56 | 0.32 | -0.48 Random 95 | 0.16 | 0.03 -0.44
Random 76 0.57| 032 | -1.67 Random 96 | 0.29 | 0.09 -0.27
Random 77 0.76 | 0.58 0.17 Random 97 | 0.25| 0.06 | -1.24
Random 78 0.33 ]| 0.11 | -0.63 Random 98 | 0.42 | 0.18 -1.11
Random 79 0.37 ]| 0.14| -0.28 Random 99 | 0.26 | 0.07 -0.49
Random 80 046 | 0.21| -0.37 Random 100 | 0.21 | 0.04 -0.42
Random 81 0.40 | 0.16 | -0.50
Table S6: Example calculation for periodic table descriptors with Al,O3 as example.
Descriptor Calculation Value
MW Obtained from the Periodic Table 101.96
Nmetal Obtained directly from chemical formula 2
Noxy Obtained directly from chemical formula 3
X Obtained directly from the Periodic Table 1.61
zx Nmetal X X = 1.61 X 2 3.22
Yx/nO 2X _ 322 1.073
n =— .
X Nowy 3
Yox NOXyX2=3X2 3
Nmetal 2
Zimetal Obtained directly from the Periodic Table 13
7 metal Obtained directly from the Periodic Table 3
PNmetal Obtained directly from the Periodic Table 4
}\a:(zmetal— vaetal)/ Zmetal_ vaetal _ 13-3 3.33
v v - .
Z metal Zmetal 3
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1 1

= 1/ PNme a‘l = 05
b= V(PNmear-1) PNpe —1_ 31
Vmetal Obtained directly from the Periodic Table 3
Olmetal = 7\1*“ A X = 3.33 x0.5 1.67
Olmetal = Olmetal
2 *i\lmetal ‘ Qmetal X Netal = 1.67 % 2 3.33
Y loxy = Noxy*0.33 Noxy X 0.33 = 3 % 0.33 0.99
za :zameta] + Zaoxy Zametal + Z(Xoxy == 3.33 + 0.99 432
Emetal™ -2 Ometal
+<5.3*zzvmm1t) —eral + (03 X ZV o) = —1.67 + (0.3 x 3) 077
Eoxy ~oxy ~Ooxy + (0.3 % ZYy,) = —0.99 + (03 x 6 0.81
(0_3 % Zvoxy) Koxy . oxy) — : (0. ) :
= Emetal™ Nmetal +
2E=E ul Nineta Emetal + Eoxy = —2:43 + 0.81 -1.62
Eoxy Noxy
Te/N Xe_ 162 032
N 2+3
o)’ o) = 4.322 18.69
2
(Xe/N)’ <%> = —0.322 0.105
ao Obtained directly from the Periodic Table 184.00
Tion Obtained directly from the Periodic Table 5.99
dmetal Obtained directly from the Periodic Table 0.44
Ea Obtained directly from the Periodic Table 2.70
I Obtained directly from the Periodic Table 67.50
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