QMREF Title: The model toxicity to Daphnia magna

1. QSAR identifier:
Optimal descriptors to build up model toxicity to Daphnia magna

1.1. QSAR identifier (title):
Daphnia Magna Acute (EC50) Toxicity model (IRFMN/Combase) (version 1.0.0)

1.2. Other related models:
None

1.3. Software coding the model:
CORAL http://www.insilico.eu/coral

2.1. Date of QMRF: April 15, 2019

2.2. QMREF author(s) and contact details:

Andrey Toropov,

Istituto di Ricerche Farmacologiche Mario Negri IRCCS
andrey.toropov@marioneqgri.it

Emilio Benfenati,
Istituto di Ricerche Farmacologiche Mario Negri IRCCS
emilio.benfenati@marionegri.it

Giovanna J. Lavado
Istituto di Ricerche Farmacologiche Mario Negri IRCCS
giovanna.lavado@marioneqr.it

Domenico Gadaleta,
Istituto di Ricerche Farmacologiche Mario Negri IRCCS
domenico.gadaleta@marioneqgri.it

2.3. Date of QMRF update(s):
2.4. QMRF update(s):

2.5. Model developer(s) and contact details:

[1] Andrey Toropov Istituto di Ricerche Farmacologiche Mario Negri IRCCS
(andrey.toropov@marioneqri.it)

[2] Alla Toropova Istituto di Ricerche Farmacologiche Mario Negri IRCCS
(alla.toropova@marioneqri.it)

2.6. Date of model development and/or publication: September, 2018
2.7. Reference(s) to main scientific papers and/or software package:
Toropov, A.A., Toropova, A.P., Roncaglioni, A., Benfenati, E. Prediction of biochemical endpoints

by the CORAL software: Prejudices, Paradoxes, and Results (2018) Methods in Molecular Biology,
1800, pp. 573-583.
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2.8. Availability of information about the model:
Model’s guide is available for download from VEGA

2.9. Availability of another QMRF for exactly the same model:
3. Defining the endpoint - OECD Principle 1
3.1. Species: Daphnia magna

3.2. Endpoint:
QMREF 3.1. Short Term toxicity to Daphnia (immobilisation) (EC50-48 h, OECD 202)

3.3. Comment on endpoint:
48 hour Daphnia magna EC50 according to OECD 202

3.4. Endpoint units:
EC50 in mmol/L

3.5. Dependent variable:
Log EC50

3.6. Experimental protocol:
OECD 202 Test. It measures the percentage of immobilized daphnids after a 48h exposure to a
substance

3.7. Endpoint data quality and variability:
4. Defining the algorithm - OECD Principle 2

4.1. Type of model:
Regression

4.2. Explicit algorithm:

CORAL (http://www.insilico.eu/coral) was used to develop regression QSAR model from
SMILES-based optimal descriptors.

A CORAL mathematical model describes the relationship between an endpoint (dependent
variable) and relevant SMILES attributes (independent variable), as shown in the equation:

Endpoint = Co + C1 DCW (T, N)

where CO and C1 are the intercept and slope for the relationship, and DCW (T, N) is the
combination of SMILES-based attributes, each associated with a correlation weight (CW). CWs are
determined with the Monte Carlo algorithm in an iterative procedure that aims to optimize a target
function (TF). The TF is calculated as shown in the equation:

TF=R+R —|R-R’| 0.01


http://www.insilico.eu/coral

where R and R’ are the correlation coefficients between DCW(T, N) and the endpoints for TS and
ITS. This procedure is defined as a balance of correlations (BC). The TF is a function of the CWs
and is optimized by iteratively modifying them. In the first part of the optimization, CWs are
incremented by a value Dstart. This increment is repeated as long as these was a corresponding
improvement of the TF. When no further improvement is observed, the Dstart value is modified to
Dstart,1 = -0.5 (Dstart) for subsequent iterations. Dstart is iteratively modified each time that an
increment of CWs fails to correspond to an increment of TF, until | Dstart | is lower than a threshold
value (Dprecession).

4.3. Descriptors in the model:
These SMILES-based attributes can be described as in the following Equation:

DCW (T*N*) =¥ CW(Sk) + Y. CW (SSk)

where Sk and SSk are SMILES attributes defined by a sequence of atoms and bonds present in the
SMILES string. Sk represents single elements, and SSk two elements combined. Attributes with a
positive CW are considered promoters of an increase of the endpoint value, while attributes with a
negative correlation weights are considered promoters of a decrease.

4.4. Descriptor selection:

N is the number of epochs of Monte Carlo for optimization of the TF, and T is a threshold used to
classify SMILES attributes as rare or not rare. An attribute is defined as rare if it is found in the
SMILES of the CS less than T times. Rare SMILES attribute values were set to zero so they were
not involved in the modeling. T and N are set to optimize the statistical performance for the CS.
For this model, parameters were set as follows:

T =1; N = 35; Dstart= 0.5; Dprecession = 0.1

4.5. Algorithm and descriptor generation:

Simplified Molecular Input Line Entry System (SMILES) notation describes the structure of a
chemical using linear strings in place of the classical bi- or tri- dimensional representation. CORAL
breaks the SMILES strings of the TS compounds into small components (SMILES-based
attributes). Each SMILES-based attributes check the presence of particular characters (or
combinations of characters) within the SMILES.

4.6. Software name and version for descriptor generation:
CORAL-2017

4.7. Chemicals/Descriptors ratio:
133 chemicals /95 SMILES attributes (NB, these are not descriptors)

5. Defining the applicability domain - OECD Principle 3

5.1. Description of the applicability domain of the model:

The AD is assessed using the original algorithm implemented within VEGA. An overall AD index
is calculated, based on a number of parameters, which relate to the results obtained on similar
chemicals within the training and test sets.


https://en.wikipedia.org/wiki/String_(computer_science)

5.2. Method used to assess the applicability domain:

The chemical similarity is measured with the algorithm developed for VEGA. Full details in the
VEGA website (www.vegahub.eu), including the open access paper describing it. The AD also
evaluates the correctness of the prediction on similar compounds (accuracy), the consistency
between the predicted value for the target compound and the experimental values of the similar
compounds, the range of the descriptors, and the presence of unusual fragments, using atom centred
fragments. Full details in the VEGA website.

5.3. Software name and version for applicability domain assessment:
CORAL-2017

5.4. Limits of applicability:
Inorganic compounds are not predicted; rare SMILES attributes are identified by the software.

6. Internal validation - OECD Principle 4

6.1. Availability of the training set:
Yes

6.2. Available information for the training set:
CAS N: Yes

Chemical Name: No
SMILES: Yes
Formula: No

INChI: No

MOL file: No

Source: No

6.3. Data for each descriptor variable for the training set:
No

6.4. Data for the dependent variable for the training set:
Yes

6.5. Other information about the training set:

6.6. Pre-processing of data before modelling:

For modelling purposes, these compounds have been removed: with a chemical structure not
clearly identified, the inorganics compounds, the metal complexes, the salts containing organic
polyatomic counterions, the mixtures and the substances of Unknown or Variable composition
(UVCB). In addition, the structure of the salts has been neutralized and duplicates have been
removed. The final list was of 133 compounds.

6.7. Statistics for goodness-of-fit:
Training set (TS)
R?=0.7522


http://www.vegahub.eu/

RMSE=1.16

Invisible training set (ITS)
R?=0.7578
RMSE=1.26

Calibration set (CS)
R?=0.7005
RMSE=1.35

6.8. Robustness - Statistics obtained by leave-one-out cross-validation:

6.9. Robustness - Statistics obtained by leave-many-out cross-validation:

6.10. Robustness - Statistics obtained by Y-scrambling:
6.11. Robustness - Statistics obtained by bootstrap:

6.12. Robustness - Statistics obtained by other methods:
Training set (TS)
Q?%=0.7163

Invisible training set (ITS)
Q?%=0.7333

Calibration set (CS)
Q%=0.6651

7. External validation - OECD Principle 4

7.1. Availability of the external validation set:
Yes

7.2. Available information for the external validation set:
CAS N: Yes

Chemical Name: No
SMILES: Yes
Formula: No

INChI: No

MOL file: No

Source: No

7.3. Data for each descriptor variable for the external validation set:
No

7.4. Data for the dependent variable for the external validation set:



Yes
7.5. Other information about the external validation set:

7.6. Experimental design of test set:

The initial dataset was randomly divided into a training set (TS) of 33 compounds, an invisible
training set (ITS) of 34 compounds, a calibration set (CS) of 32 compounds, and a validation set
(VS) of 34 compounds. The CORAL software was unable to process the SMILES for one chemical
which was filtered out. The TS was used for regression model’s derivation. The ITS was used as
“inspector” during model derivation, to confirm (or reject) predictivity of the model for substances
which were not involved directly to the optimization process. The CS detected the beginning of
overfitting by verifying the increase of the correlation between descriptors and endpoint during the
optimization process, until improvements were no longer observed. The VS is the final estimator of
the predictive potential of the model.

7.7. Predictivity - Statistics obtained by external validation:
Validation set (VS)

R?=0.7506

7.8. Predictivity - Assessment of the external validation set:
7.9. Comments on the external validation of the model:

8. Providing a mechanistic interpretation - OECD Principle 5

8.1. Mechanistic basis of the model:

8.2. A priori or a posteriori mechanistic interpretation:
A posteriori

8.3. Other information about the mechanistic interpretation:

9. Miscellaneous information

9.1. Comments:

9.2. Bibliography:
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9.3. Supporting information:

Training set(s)

-94-75-7 O=C(0)COclccc(cclChCI -0.217

#57960-19-7 O=C(OC=1C(=0)c2ccccc2(C(=0)C=1CCCCCCCCCCCC))C -4.994
-101007-06-1
N#CC(OC(=0)C1C(C=CC(=0)OC(C(F)(F)F)C(F)(F)F)C1(C)(C))c3ccce(Oc2ceecc2)ce3 -7.391
#348635-87-0 O=S(=0)(c1ncn(n1)S(=0)(=0)N(C)C)n3c2cc(F)cecc2e(c3C)Br -4.101
+120162-55-2 O=C(Nc1nc(OC)cc(n1)OC)NS(=0)(=0)c2c(cnn2C)c3nnn(n3)C -0.050
-82560-54-1 O=C(Oc2cccclc2(OC(C)(C)C1))N(C)SN(CCC(=0)OCC)C(C)C -4.613
-95465-99-9 O=P(OCC)(SC(C)CC)SC(C)CC -5.557

+1563-66-2 O=C(Oc2cccclc2(OC(C)(C)CL))NC -4.372

#55285-14-8 O=C(Oc2cccclc2(OC(C)(C)C1))N(C)SN(CCCC)CCCC -5.404

+500008-45-7 O=C(Nc1c(cc(cclC)CI)C(=0)NC)c3cc(nn3(c2ncecc2Cl))Br -4.620

+1698-60-8 O=C1C(=C(N)C=NN1c2ccccc2)Cl -0.225

#1897-45-6 N#Cclc(c(C#N)c(c(c1CI)CI)CI)CI -3.692

+2921-88-2 n1c(OP(OCC)(OCC)=S)c(cc(c1CI)CHCI -6.545

#5598-13-0 n1c(OP(OC)(OC)=S)c(cc(c1ChHCNHCI -5.730

+143807-66-3 O=C(NN(C(=0)clcc(cc(c1)C)C)C(C)(C)C)c3ccc20CCCc2c3C 0.117
+1031756-98-5 O=C(Nclc(cc(cclBr)Cl)C(=0)NC(C)C2CC2)c4cc(nn4(c3ncccc3Cl))Br -3.871
#39515-40-7 N#CC(OC(=0)C1C(C=C(C)C)C1(C)(C))c3ccce(Oc2ceecc2)c3 -5.941

#333-41-5 n1c(OP(OCC)(OCC)=S)cc(nclC(C)C)C -5.483

+131-72-6 O=C(Oclc(cc(cc1lC(C)CCCCCC)[N+](=0O)[O-])[N+](=O)[O-])C=CC -4.938
-66230-04-4 N#CC(OC(=0)C(clcce(ccl)ClC(C)C)e3ccec(Oc2ccccc2)c3 -6.192

+64-17-5 OCC 2.342

-126801-58-9 O=C(Nc1lnc(OC)cc(n1)OC)NS(=0)(=0)Oc2cccec2(0OCC) -0.113

#131807-57-3 O=C40C(c2ccc(Oclceccccl)ec2)(C(=0)N4(Nc3ccccecel))C -4.055

#22224-92-6 O=P(Oclccc(c(cl)C)SC)(OCC)NC(C)C -5.441

+120928-09-8 nlcnc3cccee3(c1OCCc2ccc(cc2)C(C)(C)C) -4.874

-13356-08-6
O([Sn](CC(clceceeel)(C)C)(CC(c2ecceec2)(C)C)CC(c3cccecce3)(C)C)[Sn](CC(cacceecd)(C)C)(CC(c
5cceec5)(C)C)CC(cbeecect)(C)C -4.341

-122-14-5 O=[N+]([O-])clccc(OP(OC)(OC)=S)cc1C -4.508

+39515-41-8 N#CC(OC(=0)C1C(C)(C)C1(C)(C))c3ccee(Oc2ccccc2)c3 -5.819

-134098-61-6 O=C(OC(C)(C)C)clcce(ccl)CON=Cc3c(nn(c3(Oc2cccec2))C)C -4.282
-272451-65-7
O=C(Nclccc(cclC)C(F)(C(F)(F)F)C(F)(F)F)c2ccee(c2(C(=0)NC(C)(C)CS(=0)(=0)C))I -4.056
-101463-69-8 O=C(NC(=0O)c1c(F)ccecl(F))Nc3cee(Oc2cec(cc2CHC(F)(F)F)cc3(F) -7.055
+144740-54-5 O=C([N-]c1nc(OC)cc(n1)OC)NS(=0)(=0)c2nc(ccc2(C(=0)0C))C(F)(F)F 0.170
-22259-30-9 O=C(Oclcccc(N=CN(C)C)c1)NC -5.115

#77182-82-2 O=C(O)C(N)CCP(=0)(0O)C 0.567

+3861-47-0 N#Cclcc(c(OC(=0)CCCCCCC)c(cl))I -4.655

-881685-58-1 O=C(Nclcccc2clC3CCC2C3C(C)C)cden(ncaC(F)F)C -3.912



#21609-90-5 O(clcc(c(cclChBr)Cl)P(OC)(c2cceec2)=S -5.314

+121-75-5 O=C(OCC)CC(C(=0O)OCC)SP(OC)(OC)=S -5.674

+16752-77-5 O=C(ON=C(C)SC)NC -4.329

-4726-14-1 O=[N+]([O-])clcc(cc(cIN(CCC)CCC)[N+](=0)[O-])S(=0)(=0)C -5.237
#72-56-0 clcc(ccclCC)C(c2ccece(cc2)CC)C(CNCI -4.232

#2310-17-0 O=C20clcc(cccIN2CSP(OCC)(OCC)=S)CI -5.696

+23103-98-2 O=C(Oc1nc(nc(c1C)C)N(C)C)N(C)C -4.147

#29232-93-7 n1c(OP(OC)(OC)=S)cc(ncIN(CC)CC)C -6.163

+23031-36-9 O=C(OC1C(=C(C(=0)C1)CC#C)C)C2C(C=C(C)C)C2(C)(C) -4.685
+2312-35-8 O=S(OCC#C)OC2CCCCC2(Oclcee(ccl)C(C)(C)C) -4.399
-96489-71-3 O=C1C(=C(C=NN1C(C)(C)C)SCc2ccc(cc2)C(C)(C)C)CI -5.562
+179101-81-6 FC(F)(F)c2cnc(OCCCOclc(cc(OCC=C(CHCl)cc1ChCl)cc2 -5.111
#124495-18-7 Fc3ccc(Oc2cenclec(ce(c12)CHCl)ce3 -3.586

#130561-48-7 O=C(0O)C2=NN(clccc(ccl)C)e3cecec(OCCOC)c3(C2(=0)) -0.173
#102851-06-9 N#CC(OC(=0O)C(Nclcce(cclClC(F)(F)F)C(C)C)c3ccee(Oc2ccccc2)c3 -4.752
-79538-32-2 O=C(OCclc(F)c(F)c(c(F)cl(F))C)C2C(C=C(C(F)(F)F)CNC2(C)(C) -6.777
-59669-26-0 O=C(ON=C(C)SC)N(C)SN(C(=0)ON=C(C)SC)C -4.118
-2303-17-5 O=C(N(C(C)C)C(C)C)SCC(=C(CI)CI)CI -3.525

#101200-48-0 O=C(OC)clcceeclS(=0)(=0)NC(=0)N(c2nc(nc(n2)C)OC)C 0.354
#141517-21-7 O=C(OC)C(=NOC)clccccclCON=C(c2ccec(c2)C(F)(F)F)C -4.570
-64628-44-0 O=C(NC(=0)clccccclCl)Nc2cec(OC(F)(F)F)cc2 -5.351
#122453-73-0 N#Cc2c(clcce(ccl)Cl)n(c(c2Br)C(F)(F)F)COCC -4.718
+35691-65-7 N#CCCC(C#N)(CBr)Br -2.081

#420-04-2 N#CN -1.118

+21564-17-0 N#CSCSc2nclcccecls? -3.895

+66215-27-8 nlc(nc(ncIN)NC2CC2)N -1.191

+886-50-0 n1c(nc(ncINC(C)(C)C)SC)NCC -1.814

-95737-68-1 nlcccec1OC(C)COc3cec(Oc2cccec2)ce3 -2.905

#60207-90-1 nlcnn(cl)CC2(OCC(02)CCC)c3ccc(cc3Cl)CI -1.671

-148-79-8 nlcscclc2nc3ccecc3([nH]2) -2.593

+52-51-7 O=[N+](JO-])C(CO)(CO)Br -2.096

+50-00-0 O=C -0.015

+112-12-9 O=C(C)CCCCCCCCC -2.403

-134-62-3 O=C(clccce(cl)C)N(CC)CC -0.408

-86479-06-3 O=C(NC(=0)clc(F)ccecl(F))Nc2ce(c(OC(F)(F)C(F)F)c(c2)CI)Cl -6.603
#34123-59-6 O=C(Nclccc(ccl)C(C)C)N(C)C -2.551

#79-33-4 O=C(0O)C(0O)C 0.921

#65-85-0 O=C(O)clcccccl 0.848

+124-07-2 O=C(O)CCCCCCC -0.360

-112-05-0 O=C(O)CCCCCCCC -0.217

#79-14-1 O=C(0O)CO -0.238

+65733-16-6 O=C(OC(C)C)C=C(C=CCC(C)CCCC(OC)(C)C)C -2.936
+22781-23-3 O=C(Oclcccc20C(0c12)(C)C)NC -3.883

+26530-20-1 O=C1C=CSN1CCCCCCCC -2.977

-81-81-2 O=C1c3cccec3(0C(0)=C1C(c2cccec2)CC(=0)C) -0.480

#2527-66-4 O=C2clccccclSN2C -2.254

-4299-07-04 O=C2clccccclSN2CCCC -3.330

-83-79-4 O=C3c5ccc1OC(C(=C)C)Cclc5(0CAC0OCc2cc(0C)c(0OC)cc2C34) -4.916
#104-55-2 O=CC=Cclcccccl -1.273

#111-30-8 O=CCCCC=0 -1.061

#64-18-6 O=CO 0.517



-67564-91-4 O1C(C)CN(CC1C)CC(C)Cc2ccc(cc2)C(C)(C)C -2.112

-67-63-0 OC(C)C 2.225

#59-50-7 Oclccce(c(cl)C)CI -1.853

-106-24-1 OCC=C(C)CCC=C(C)C -0.981

#100-51-6 OCclcccecl 0.328

+71-23-8 OCCC 2.002

-7173-51-5 CCCCCCCCCC[N+](C)(C)ccceeececcece -4.303

-122454-29-9 N#Cclc([nH]c(c1Br)C(F)(F)F)c2cce(cc2)Cl -5.365

+120068-37-3 N#Cclnn(c(N)c1S(=0)C(F)(F)F)c2c(cc(cc2Cl)C(F)(F)F)CI -3.361
+138261-41-3 O=[N+]([O-])N=C1NCCN1Cc2cnc(cc2)Cl -0.476

-3691-35-8 O=C1lc4ccceccd(C(=0)CLC(=0)C(c2cccec2)c3cec(ce3)Cl) -2.944
-56073-07-5 O=C10c6cceece(C(0)=C1C5c2ccccc2CC(c3ccec(ce3)cacceccd)Ch) -2.932

Test set(s)

*112-53-8 OCCCCCCCCCCCC 0.235

*56634-95-8 N#Cclcc(c(OC(=0)CCCCCC)c(cl)Br)Br -4.099

*1689-99-2 N#Cclcc(c(OC(=0)CCCCCCC)c(c1)Br)Br -3.962

*104653-34-1 O=C2clccccclSC(0O)=C2C6ec3ccccc3CC(c4ccec(ced)chbecce(ces)Br)Co -5.088
*149961-52-4 O=C(NC)C(=NOC)clccceclCOc2cc(ccc2C)C -3.918

*107-06-2 C(CCI)CI 0.402

*80844-07-1 O(clcceecl)c2eccee(c2)COCC(c3cec(OCC)eel3)(C)C -5.690
*153233-91-1 Fclecec(F)c1C3=NC(c2cce(cc2(0OCC))C(C)(C)C)CO3 -4.704
*123-33-1 O=C1C=CC(=0O)NN1 -0.017

*2032-65-7 O=C(Oclcc(c(c(c1)C)SC)C)NC -4.450

*116714-46-6 O=C(NC(=0O)clc(F)ccccl(F))Nc2cec(OC(F)(F)C(F)OC(F)(F)F)c(c2)Cl -3.929
*42874-03-3 O=[N+]([O-])c2ccc(Oclcec(cclCl)C(F)(F)F)cc2(OCC) -3.701

*732-11-6 O=Clc2ccccc2(C(=0)N1CSP(OC)(0C)=S) -5.201

*175013-18-0 O=C(OC)N(OC)clccceclCOc2nn(cc2)c3cec(cec3)Cl -4.385
*119168-77-3 O=C(NCclccc(ccl)C(C)(C)C)c2c(c(nn2C)CC)CI -3.861

*7696-12-0 O=C(OCN1C(=0)C2=C(C1(=0))CCCC2)C3C(C=C(C)C)C3(C)(C) -3.867
*27519-02-4 C(=CCCCCCCCCCCcccee)ceececececce -2.475

*57-06-7 C(=NCC=C)=S -2.133

*10222-01-2 N#CC(C(=O)N)(Br)Br -2.441

*131341-86-1 N#Cclc[nH]cclc3cccc20C(F)(F)Oc23 -2.528

*6317-18-6 N#CSCSC#N -3.326

*110-44-1 O=C(0O)C=CC=CC -0.205

*143-07-7 O=C(O)CCCCCCCCCCC -1.746

*72490-01-8 O=C(OCC)NCCOc2ccc(Oclcceecl)cc2 -2.845

*72963-72-5 O=C(OCN1C(=O)N(CC#C)CC1(=0))C2C(C=C(C)C)C2(C)(C) -3.795
*28772-56-7 O=C10c5cccec5(C(0)=C1C(c2ccecc2)CC(O)c3ccec(ce3)cdcecc(ccd)Br) -2.421
*731-27-1 O=S(=0)(N(clccc(ccl)C)SC(F)(CNHCI)N(C)C -3.261

*1085-98-9 O=S(=0)(N(clcccecl)SC(F)(CICIN(C)C -2.502

*75-21-8 O1CC1 0.666

*7747-35-5 O2CN1COCC1(C2)CC -0.533

*94361-06-5 OC(clccc(ccl)Cl)(Cn2nenc2)C(C)C3CC3 -1.050

*120-32-1 Oclcee(cclCce2ccccc2)Cl -2.568

*90-43-7 Oclcceeclc2eccec? -1.903

*4719-04-04 OCCN1CN(CN(C1)CCO)CCO -0.924



