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1 Introduction

QSAR-ME Profiler stands for "Quantitave Structure-Activity Relationship Multiple Endpoint Profiler", which
is a multi-platform GUI driven user-friendly software allowing the application of QSARs for the prediction of
the activity of new chemicals, supported by structural comparison.

QSAR-ME Profiler comes shipped with more than 100 QSARs! for the assessment of the potential hazard and
risk of heterogeneous organic chemicals, developed in the last 20 years by the QSAR Research Unit in
Environmental Chemistry and Ecotoxicology of the University of Insubria, covering physical-chemical
properties, global indexes, aquatic toxicity, in vivo and in vitro mammalian biotransformation. These QSARs
were developed according to the OECD Principles for regulatory purposes of (Quantitative) Structure-Activity
Relationship models and are accompanied by the corresponding QMRF (QSAR Model Reporting Format)
documents to help decisions in the regulatory context.

QSARs are applied in batch to new chemicals by QSAR-ME Profiler whose predictions, both as single and
combined, are organized as browsable multiple tables. Predictions can also be checked, in the context of the
applied QSARs, both in tabular and graphical forms. QSAR-ME Profiler calculates structural distances among
the chemicals to further check the coherence of the prediction of the new chemicals, both among them and
in the context of the applied QSARs. Chemical structures are also automatically depicted while browsing the
chemicals, to further help the user in assessing the predictions.

Supporting software like PaDEL-Descriptor and Toxtree?, for the descriptors calculation and metabolic
reaction detection, are also automatically called and managed by QSAR-ME Profiler.

2 System requirements and installation

QSAR-ME Profiler runs with Java™ SE 17 (or more recent) runtime environment installed. To use QSAR-ME
Profiler you need to unzip the compressed file in a folder of your choice, then open the folder and locate the
QSAR-ME Profiler executable, named QSAR-ME-Profiler.jar.

3 Running QSAR-ME Profiler

To run QSAR-ME-Profiler.jar, double click on its icon or, if your system is not configured for running Java™
executables by double clicking, open a terminal where the file is located and type in java -jar QSAR-ME-
Profiler.jar3. The first time you run QSAR-ME Profiler beta version, you will be asked to read and accept the
Licence agreement, as shown in Figure 1.

1 See “Models included in QSAR-ME Profiler” for further details. The set of available QSARs is fully customizable also
allowing the addition of models developed by the user, see “How to customize QSAR-ME Profiler available QSARs” for
further details.

2 The user is allowed to perform the descriptors calculation and the reaction detection by other means, if preferred.
3|f it is not working, it usually depends on the configuration of the Java™ environment of your machine.
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Licence agreement 4

C

(:) QSAR-ME Profiler beta version, 2022
Licence agreement (2022, University of Insubria)

QSAR-ME Profiler beta version, projected and realized by the researchers in the
QSAR Research Unit in Environmental Chemistry and Ecotoxicology of the
Department of Theoretical and Applied Sciences of University of Insubria
(Varese, Italy), is provided "as it is" at no cost. For further information see
our website https://dunant.dista.uninsubria.it/gsar/

Software agreement L

The use of QSAR-ME Profiler beta version is conditional upon your compliance
with the terms and conditions that follow. I you do not agree or do not comply
with the terms and conditions reported in this license, you are not permitted
to use QSAR-ME Profiler beta version.

Restrictions

QSAR-ME Profiler beta version intellectual property is owned by University of
Insubria (https://www.uninsubria.it, Varese, Italy) QSAR Research Unit in
Environmental Chemistry and Ecotoxicology of Department of Theoretical and
Applied Sciences (DiSTA), it is not transferred to you, so you do not acquire
any right to the software. You cannot sublicense, lease or sell this software.
Reverse engineering of this software is forbidden.

1

Use of PaDEL-Descriptor and Toxtree software by OSAR-ME Profiler beta version

| Cancel || 1 agree |

Figure 1. QSAR-ME Profiler licence agreement

Once accepted* the main window of QSAR-ME Profiler will be displayed, like the one reported® in Figure 2,
which can be divided broadly into logical sections.

4 On subsequent running of QSAR-ME Profiler you will be not asked again unless you did not accept the licence.
5 Appearance may differ depending on your O.S. and/or desktop theme settings.
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Main menu bar
QSAR-ME Profiler — O X
File Options Help QSAR categories
PCP ATI Dag» Model info

7.1_Human_Biotransformatio

QSARs

7.2_Human_Biotransfopiatio

QSAR information and
performances tables

7.3_Human_Biotransformatio

7.4_Human_Biotransformatio

Training User

Depiction of chemicals
Charts of QSAR performances

Neighbor Neighbor
SMILES for - _
Depiction of chemicals
predictions
Output
monitor Thresh. dist. 5 : Thresh. dist. 5 :

Predict

Figure 2. QSAR-ME Profiler main window logical sections

3.1 Selecting a QSAR

QSARs in QSAR-ME Profiler can be explored singularly (also) before their application for prediction of new
chemicals endpoints. QSARs are organized in coherent categories like, for example, biotransformation in
human hepatocytes or Toxicity in fish. To scroll the QSAR categories, press on the left or right arrows as
indicated in Figure 3, then select the category by clicking on the corresponding tab and finally select the QSAR
of interest from the list.
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BTR in vitro human hep | Insubria PBT index BTR in vitro mous ¢ »

oHCL_HumanHep_AliphaticHydroxylation_a_ra

1

roHCL_HumanHep_AliphaticHydroxylation_b_ra

08.57_InVitroHCL Hu Hep_AmineHydroxylation_a_rankl

08.58_InVitroHC Hep_AmineHydroxylation_b_rank2
08.59_InVitroHCL_HumanHep_AmineHydroxylation_c_rank3
08.60_InVitroHCL_HumanHep_AromaticHydroxylation_a_rankl
08,61 _InVitroHCL_HumanHep_Epoxidation_a_rankl
08.62_InVitroHCL_HumanHep_N-dealkylation_a_rank3

08.63_InVitroHCL_HumanHep_N-oxidation_a_rank3

08.64_InVitroHCL_HumanHep_O-dealkylation_a_rankl

Figure 3. Selection of a QSAR. Arrows on the top right (1) allow scrolling the QSAR groups. For the selection of a QSAR
you need to click on one of the QSAR group’s tab (2) and then click on the QSAR of interest from the list (3)

Once selected, information, charts, and performances concerning the QSAR will be shown in the main
window as in Figure 4.

QSAR-ME Profiler — [m} *
File Options Help

Fish biotransformation | A¢ 3 Model info | Model data Neighbors User data Neighbors

6.1 Fish Biotransforma Model: 6.3 Fish_Biotransformation Model_3 I

6.2_Fish_Biotransforma Endpoint: logHLn (days)

Equation: -4.2%%**(£0.46) + 1.1%¥**(+0.11)VAdjHat - 0.27*+¥(:+3.5e-02)HAXDP + 0.12%**(:2, 4e-02)nX -
0.14%**(+3. 9e- 02)nHBAcc + 0.44%%*(:0.12)PubchenFP362 + 0.14***(+3.6e-02)HDEC-11 - 0.14%**(+3,.9e-02)naaaC -
0. 74%**(+0. 24) minHBd - 0.29%**(+0.13)PubchenFP376

ish_Biotransformation_|

Fitting:
CCC: 0.86
F: 2.1e+02
MAE: 0.46

Chartl | Chart2 Chart3 Chart4 Training User

HAT vs. estimated endpoint

3.0
2.5 {|
2.0
1.5
1.0
0.5
0.0 | HEE
-0,5 1[4
1.0
-1.54
2.0l ! . - - -
0.00 005 010 015 020 0325

Neighbor Neighbor

Estimated endpoint

Thresh. dist. | 0.25 Thresh. dist. | 0.25

Predict

Figure 4. QSARs information tab (1) and charts (2)
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The model info tab contains QSAR’s information like the name, the equation and performances, while charts
are displayed below. Four charts are available for MLR (Multiple Linear Regression) QSARs: HAT vs. estimated
endpoint, experimental vs. predicted endpoint, endpoint residual and HAT vs. standardized residuals. ROC
(Receiver Operating Characteristic) charts are displayed for LDA (Linear Discriminant Analysis) based QSARs.

3.2 Selecting training chemicals and neighbors

Once a QSAR has been selected, if you browse the training set chemicals, the most structurally similar
chemicals are automatically detected and depicted. Chemicals can be selected in two ways (see also Figure
5): A) Select the “Model data” tab in the main window and then select a chemical from the list, B) for MLR
QSARs only, hover the mouse cursor on a data point and then left click (note: when the mouse pointer is
correctly located over a data point, a hint reporting the chemical’s name is shown). Once selected, the data
point is targeted with two red® crossing lines to simplify its localization, while the structure of the chemical
is shown in the “Training” depiction space, as shown in Figure 5.

QSAR-ME Profiler = O X

File Options Help

Fish biotransformation | Ai¢ 5> Model in Model data | Neighbors User data Neighbors
6.1 Fish Biotransformation M e SMILES Exp. logHLn (... | Pred. logHLn (... Hat (h* = 0.0... | VAdjMat MAXDP nx
o - 631492  |BrcleciBriclBr... 2.011 1311 0.013 5.248 2.855 I
6.2_Fish_Biotransformation_h D50-29-3 cloichiciclece... 1.927 2.295 0.009 5.248 0.399
o ) ’ 050-32-8 clcc2c3cccdch. 0.047 0.234 0.056 5.322 0.309
e cicichc@@H. . 1651 2.095 0.008 517 0.382

cl2ccceclelelc...
000055-38-9 CSclgfClccicc...
19 000056-23-5 lcl -1.1594 -0.221 0.022 3.322 0.024

Chart1 | Chart2 chart3 Chart4 Training User

HAT vs. estimated endpoint ﬁ

= +
g i +
=
S c
o y Neighbor Neighbor
= 1
2 T,
] F
E-
=
7]
w
010 015 0,20 0.25
HAT ) a : -
Thresh. dist. | 0.25 - Thresh. dist. | 0.25 .

Figure 5. Selection of training set chemicals. Model data tab (1) contains the chemicals’ list (2) from which the chemical
of interest can be selected. The corresponding chemical will then be targeted in the chart (3) and the structure depicted

(4)

Once a chemical is selected, neighbors are automatically detected according to the fingerprint type and the
distance measure chosen by the user. Five fingerprints (Pubchem, E-State, Klekota and Roth, Klekota and
Roth count, Substructure, Substructure count) and three measures of distance (Tanimoto, Cosine and Dice)
are available, and can be selected by the user using menu Options = Similarity = Fingerprint, and Options

6 Color can be customized via menu Options > Color = Training



QSAR-ME Profiler beta version
Manual

- Similarity = Distance. Neighbors are likely to change accordingly to these settings and is left to the user
to select the most appropriate.

The number of neighbors to be detected can be chosen according to a number or a distance threshold. The
type of threshold (number or distance) can be selected by menu Options = Similarity - Threshold while the
threshold values can be set using the spinner buttons below the depiction of neighbors, as shown in Figure
6. Starting from the selected chemical, neighbors are sorted from the most to the least similar. In case two
or more chemicals share the same value of similarity index, these chemicals count as one.

QSAR-ME Profiler = O *
File Options Help
.| Color 4 ) . )
Fisk nl Aen Mndel info | Model data | Neighbors User data MNeighbors
Similari P E i
o |LEmilanity b | Fingerprint b o Exp. logHLn (... ||Pred. logHLn ... | Hat (h* = 0.0... |VAdjMat MAXDP nx
Ristance » | |osss31-49-2 JciBr... 2.011 1.311 0.013 5.248 2.855
6.2 Fish_Biotransfo| Threshold b | o mumber | clece... 1927 2,295 0.009 5.248 0.399
e Eoh Biotioncformat 5 bict | |clcc2c3cccacs... 0.047 0.234 0.056 5.322 0.309
.3 s s — Istance N
@-fish_Blotranstormation_ 16 ' I [cicichc@®@H. . 1.651 2.095 0.008 517 0.382

000053-70-3 cl2ccceclclel. ..

18 |000055-38-9 CSclclClecice... -0.359 0.285 0.005 5 2.473
19 |000056-23-5 cicichichcl 1194 0.221 0.022 3.322 0.024
Chartl | Chart2 Chart3 Chart4 Training User

HAT vs. estimated endpoint

3.0
25
2.0
15
1.0
0.5 | 8
0.0
-0.5
1.0
1.5
-2.0
000 005 010 015 020 025

HAT a -
Thresh. numb. 5 - Thresh. numb. 5

-
predict

Neighbor Neighbor

Estimated endpoint

Figure 6. Selection of similarity thresholds. The type of threshold can be selected by the menu option indicated by (1)
while the threshold can be set by the spinner arrows indicated by (2) (training set) and the (3)(user entered chemicals)

Neighbors can be selected from the Neighbors tab and then by clicking on one chemical from the list. The
corresponding data point on the charts is then targeted’ with magenta® crossing lines while the structure of
the chemical is shown in the “Neighbor” depiction space under “Training”. In the example of Figure 7 the
estimated endpoint is very similar for both the selected training chemical and the selected neighbor, so the
red and magenta horizontal lines overlap, while a structural difference has been detected in terms of HAT
values, since the vertical lines are separated.

7 Targeting on the charts is possible for MLR QSARs charts only.
8 Color can be customized via menu Options - Color = Training neighbors
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QSAR-ME Profiler = o x
File Options Help
Fish biotransformation | A ¢ 3 Model data | Neighbors | User data Neighbors
6.1 Fish_Biotransformation N I Ame SMILES Tanimoto coe... ||Exp. logHLn (... |Pred. logHLn (... || Hat (h* = 0.0... | VAdjMat MA
1 000056-55-3 clec2ec3elec2e...
6.2_Fish_Biotransformation_N 2 000129-00-0 clc2e3cicellec...
2 Foh Biokancrormat 3 000217594  |clccc2c3ccccc. . 0.973 -0.079 0.378 0.031 4
i 4 000218019 |clccc2clcliclc. . 0.973 0.591 0372 0.031 4585
5 002381-21-7 cl2c3cdcccc3c... 0.96 0.111 0.28 0.031 6.728
[ 002541-69-7 Ceclc2ccccc2ec... 0.96 -0.054 0.432 0.032 4.322
7 017088-22-1 cl2c3cdcccc3c... 0.96 0.241 0.36 0.031 4.807
Chartl | Chart2 Chart3 Chart4 VL, g=ey
H 3 L estimated endpoint
-+
exa - S +
2 20 [Ery | "
'g 1.5 || 3 + 4
U 1.0 + Neighbor Neighbaor
E 0.5 o
= 0.0 [ F+
E 05 3 +%
5.0 |
i
1.5
-2.04 +| - - - - =
0.00 0.05 0.10 0.15 0.20 0.25
HAT a -
Thresh. dist. | 2-25 | _ Thresh. dist. 0-25 |
Predict

Figure 7. Selection and depiction of chemicals similar (neighbors) to the one selected in the training set. By clicking on
the Neighbors tab (1) and then clicking on the chemical of interest (2) the chemical is then targeted on the charts
(3)(magenta lines) and the structure depicted (4)

3.3 Predicting the endpoint of new chemicals

For prediction purposes, new chemicals must be entered as SMILES in the text area (see Figure 8) above the
“Predict” button.

OC(=0)COC1=Ci(Cl)C=ClCl)C=C1 MOL_01

CCl=CClOCCCC(C)(CICio)=0)=CiC)C=C1 MOL_02

OC1=CC=C(C=Cl)C1{0C(=0) C2=ClC=CC=C2) C1=CC=C( D) C=C1 MOL_03
Predict

Figure 8. Text area for entering SMILES of the chemicals whose endpoint must be predicted

SMILES must be followed by the name of the chemical (in this example MOL 1, MOL_2 and MOL_3),
separated by a space or a tabulation. Once entered, you will be prompted by a menu asking whether
descriptors must be calculated by the PaDEL-Descriptor software or entered manually, as shown in Figure 9.
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DC(=0)COCl=CiCl)C=CiCl) C=C1 MOL_01
CC1=CC{OCCCCIC) (C)CiOI=0)=CiCIC=C1 MOL_02
0C1=CC=Cl C=C1)C1lI0Ci=0) C2=ClC=CC=C2| C1=CC=Cl 01 C=C1 MOL_03

i Use PaDEL-Descriptor

Enter descriptors manualby. ..

Figure 9. By pressing on the Predict button a menu (1) asks whether descriptors must be calculated automatically by
PaDEL-Descriptor or entered manually

In the first case, descriptors will be calculated automatically while in the second you will be asked?® to copy
and paste or type in them manually. A dialog for entering descriptors is then opened, where molecules names
are automatically detected from the prediction text area, while the number of descriptors must be selected
manually by using the dedicated spinner arrows, as shown in Figure 10.

User descriptors b4
Mumnber of descriptors : E Cancel || Accept
MName Descriptor
MOL_01
MOL_02
MOL_03

Figure 10. The number of descriptors must be set using the spinners (1)

Available models are automatically selected according to the descriptors provided. For example, if the
equation of a QSAR contains the descriptors SSOH and JGI3 and another QSAR equation contains the
descriptors SsOH and VE1_D, you must provide all these descriptors, as in Figure 11.

User descriptors *
Mumber of descriptors | 3 : Cancel  Accept
Marme Descriptor | Descriptor || Descriptor
Ss0H GI3 WE1_D
MOL_01 19 0.03 0.1
MOL_02 15 0.05 0.2
MOL_03 10 0.07 0.3

Figure 11. The descriptors of all the QSARs that must be applied must be entered. See text for further details

% This option is for users willing to apply models whose descriptors were calculated using software different from PaDEL-

Descriptor.
10
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Once accepted, you will be asked'” to select the most probable in vitro CYP P-450 reaction/s for the entered
chemicals. QSAR-ME Profiler then uses this information to select the appropriate models that were
developed by creating the training set according to these reactions. As shown in Figure 12, available options
are: A) reactions can be selected manually, to be then accepted by pressing “Apply selected”, B) let Toxtree
detects the most probable reaction (in this case the manually selected reactions, if any, are not considered).

Seleck reactions *

PN

aromatic hydroxylation

alcohol oxidation

amine hydroxylation
O-dealkylation
N-oxidation
aliphatic hydroxylation
epoxidation

M-dealkylation

Apply selected Use Toxtree

Figure 12. Dialog for the selection (1) of the most probable in vitro CYP P-450 reaction/s. “Apply selected” is for using the
selected reactions, while “Use Toxtree” is for automatic detection (selected reactions are thus not considered)

3.4 Selecting user-entered chemicals and neighbors

Once the endpoint of the user-entered chemicals is predicted, the “User data” tab is filled with the
corresponding chemicals’ details. User-entered chemicals is shown in blue!! (while neighbors are dark cyan'?)
in the HAT vs. Predicted endpoint MLR QSAR chart. Chemicals and neighbors can be selected the same way
as in section “Selecting training chemicals and neighbors”, except that the “User data” tab must be selected
instead of the “Model data” tab, and the “Neighbor” tab is the one on the right of the “User data” tab. It is
here recalled that neighbors are selected from the training set. Figure 13 shows an example of a user-selected
chemical and the corresponding neighbor.

10 Note: if you exclude all models developed by the in vitro CYP P-450 by customization of the list of available QSARs
(see “How to add or delete a QSAR category” for further details), you will not be asked anymore.
11 Color can be customized via menu Options = Color = User
12 Color can be customized via menu Options = Color = User neighbors
11
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QSAR-ME Profiler — [m} *
File Options Help
Fish biotransformation | A ¢ 3 Model info  Model data Neighbors  User data | Meighbors |
6.1 Fish_Biotransformation N [} Name SMILES Tanimoto dist... ||Exp. logHLn (... ||Pred. logHLn (...| Hat (h* = 0.0... | VAdjMat MA
1 . . ] .689
6.2_Fish_Biotransformation_k 2 059365-60-5 clecclelel)Ch... 0.682 -1.129 -0.489 0.018 4.585
S 3 000119-56-2 cliceelecl)[C... 0.676 -0.889 0.003 0.015 4.322
'sh_Blotranstormation_ 4 000104405  |CICCCCCCCAL. 0.667 0.233 0.211 0.021 517
5 084852-15-3 cleclccclO)cC... 0.661 0.031 -0.139 0.02 4.322
[ 000095-48-7 cleceielcl)C)O 0.66 -0.519 -1.253 0.02 3.585
7 000099-71-8 cliceelecl)[C... 0.655 -0.844 -0.724 0.018 5.392
= EPTr——_—— RSNy e e PR e e
Chart1 | Chart2 Chart3 Chart4 Training User

CCI=LLTUCLLe o Te e ur=uy=y
0C1=CC=C(C=C1)C1l(0Cl=0) C2=t
CO=C| C1=CC=CC=C1) C1=CC=CC=C]
CNC( C)Ci0) Cl=CC=CC=C1 MOL
OCLMN=C(C2=CC=0CC=C2) C2=CC( CT
CCOC1=CC=CINC(C)=0) C=C1 MOl
CCC1l=CC=CCi CC)=C1N( COC) Cl=¢
OC(=0)CiBr)Br MOL_o9

ClCCC2=CiCl) C=CC=C2 MOL

—
Predict

FTroceEsSSLIng I'IUL_UJ 1M UESCrIpLors. smL TrrIar.,
Processing MOL_08 in descriptors.smi (8/10).
Processing MOL_09 in descriptors.smi (9/10).

HAT vs. estimated endpoint

o
-~
+
"

Neighbor

Neighbor

N

B |

010 015 020 0.25

HAT - -
Thresh. dist. | 0.25 Thresh. dist. | 0.25

— - -
+ Training + User

RVETUE SpEEU. 1, %3 57moc,
Average speed: 1,31 s/mol.
Average speed: 1,23 s/mol.

Processing MOL_10 in descriptors.smi (10/10). Average speed: 1,13 s/mol.

Descriptor calculation completed in 11.50 secs .

Average speed: 1,11 s/mol. I

Figure 13. User-entered chemicals can be selected from the “User data” tab (1) while the neighbors from the “Neighbors”
tab on its right (2). Corresponding chemicals are depicted (3)(4) and targeted in the graphs (5)(6)

Both training and user-entered chemical, including neighbors, can be displayed simultaneously as shown in

Figure 14.
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File Options Help
Fish biotransformation | A ¢ 3 Model inffo  Model data Neighbors User data | Meighbors
6.1 Fish Biotransformation N D SMILES Tanimoto coe... | Exp. logHLn (... | Pred. logHLn (...||Hat (h* = 0.0... | VAdjMat MAXC
1 .
6.2_Fish_Biotransformation_N 2 059365-60-5 clecclelel)Cl)... 0.682 -1.129 -0.489 0.018 5
T 3 000119-56-2 cliccelecl)[C. .. 0.676 -0.889 0.003 0.015 4.907
_Blotranstormation 4 000104405  |CICCCCCCCAL. 0.667 0.233 0.211 0.021 4.459
5 084852-15-3 cleciccclO)CC. .. 0.661 0.031 -0.139 0.02 4.17
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CCC1=CC=CC( CC)=C1N( COC) Ci=(
oc(=0)C(Br)Br  MOL_09 ! = - - -
ClCCC2=C(Cl) C=CC=C2 Mol 0.00 0.05 010 015 0.25
HAT
— Thresh. num. 5 : Thresh. num. 5 :
Predict + Training + User

FTroceEsSSLIng I'IUI__U.( LM UESCTIpLOrs . sSmL /71Uy, AVETdyE SpeEed.
Processing MOL_O8 in descriptors.smi (8/10). Average speed: 1,18 s/mol.
Processing MOL_09 in descriptors.smi (9/10). Average speed: 1,12 s/mol.
smi (10/10). Average speed: 1,04 s/mol.
Average speed: 1,00 s/mol.

Processing MOL_10 in descriptors.
Descriptor calculation completed in 10.46 secs .

1,29 S/muL,

Figure 14. Training and user-entered chemicals, and corresponding neighbors, can be targeted (1) and depicted (2)

simultaneously

3.5 Customizing the main window

Size of logical sections of the QSAR-ME Profiler main window can be customized according to your need.
While hovering the mouse pointer between boundaries, it turns to a double arrow indicating that the
boundary can be moved, as shown in Figure 15.
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QSAR-ME Profiler — [m} *
File Options Help
MLR test | BCF fish | Hum. ¢ » Model info | Model data Neighbors User data Neighbors
BCF Fish test 1 Model: BCF Fish test 1
BCF Fish test 2 Endpoint: Bioconcentration factor class
Linear score equations:
class B = -7.1 + 15-SubFPC17 - CIC2 + log(0.15)
class notB = -2.8 + 5.4-Subl 16- CIC2 + log(0.85)
e
Fitting:
Accuracy: 0.88
Mo Information Rate: 0.85
Chartl | cChart 2 Training User
ROC (event B)
1.0
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[
= 0.8
=07
Q
a 2 0.6 ighb ighb
- %‘ 0.5 MNeighbor MNeighbor
=]
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c |
= 0.2
0.11
0.0 1 - . AQC. 0.85?*]4 i .
0.0 0.2 0.4 0.6 0.8 1.0
False positive rate - -
Thresh. coe. 0.25 - Thresh. coe. 0.25 -
Predict -+ Training — Reference

Figure 15. Boundaries (1) can be moved to resize the main window sections

3.6 Available QSAR diagnostic charts

Performances of QSARs and corresponding predictions of user-entered chemicals can be further evaluated
by using performances charts, which differ according to the QSAR type.

3.6.1 MLR QSAR graphical diagnostics

To evaluate performances of MLR QSARs, four charts are available in QSAR-ME Profiler. The first concerns
HAT vs. estimated endpoint, like the example reported in Figure 17.
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HAT vs. estimated endpoint
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Figure 17. HAT vs. estimated endpoint allows to graphically evaluate whether the user-entered chemicals are outside
the applicability domain of the QSARs. Colored lines correspond to the selected chemicals, including neighbors, both for
training and user-entered ones

This chart allows to visually check whether the user entered chemicals (here as blue crosses) are within the
structural and model endpoint applicability domain. The vertical dark grey line is the threshold HAT value
(calculated as 3p’ / n, where p’ is the number of the descriptors + 1 and n the number of compounds). User-
entered chemicals on the right of this line should be considered as out of the structural domain. Horizontal
dark grey lines (above and below 0) correspond to the minimum and maximum training experimental
endpoint values. User-entered chemicals with a predicted endpoint value above or below these lines should
be considered as extrapolated by the model.

Red and magenta colored crossing lines correspond respectively to a selected training chemical and one of
its neighbors (see section “Selecting training chemicals and neighbors” for further details), while blue and
dark cyan lines correspond to a selected user-entered chemical and one of its neighbors (see section
“Selecting user-entered chemicals and neighbors” for further details).

The following charts allows further evaluation of the selected training chemicals and user-entered chemical
neighbors (user-entered chemical themselves cannot be shown because the experimental response is not
available).

The Experimental vs. predicted graph allow evaluating the difference between the experimental and the
predicted endpoint of the training set chemicals, as shown in Figure 18.
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Predicted

Experimental vs. predicted
endpoint (training set)

0 1 2
Experimental

Figure 18. Experimental vs. predicted endpoint (training set) chart example. Colored lines are the selected training
chemical and its neighbor, in addition to the neighbor of the chemical selected by the user (the latter cannot be shown
here since the experimental value is not available)

The residuals chart allows a similar evaluation but based on the difference between the experimental and
the predicted endpoint, as shown in Figure 20.

Residual

Endpoint residual (training set)
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y| o+ *
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Figure 20. Endpoint residual (training set) chart example. Colored lines are the selected training chemical and its
neighbor, in addition to the neighbor of the chemical selected by the user (the latter cannot be shown here since the
experimental value is not available)

The latter chart, HAT vs. Standardized residuals (training set), works similarly as HAT vs. estimated endpoint,
but uses standardized residuals on the y-axis instead of the predicted endpoint. One example is depicted in

Figure 21. Standardized residual thresholds are arbitrarily set to 2.5 (horizontal black lines) so chemicals
falling outside should be considered as outliers.
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HAT vs. standardized residuals
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Figure 21. HAT vs. standardized residual (training set) chart example. Colored lines are the selected training chemical
and its neighbor, in addition to the neighbor of the chemical selected by the user (the latter cannot be shown here since
the experimental value is not available)

3.6.2 LDA QSAR graphical diagnostics

ROC (Receiver Operating Characteristic) charts are available for the evaluation of classification models, like
the example shown below in Figure 22 for two classes.

ROC (event B)

False positive rate

ROC (event notB)

False positive rate

1.0 ey 1.0 e
0.9 0.9
% 0.8 % 0.8
=07 = 0.7
206 206
! e
g os g oS
S 04 S04
v 0.3 v 0.3
202 Zoz2f
- -
0.1 0.1 |
00 AUC: 0.9445 0ol AUC: 0.9448
00 02 04 06 08 1.0 00 02 04 06 08 1.0

Reference Reference|

+ Training + Training

Figure 22. Example of ROC (Receiver Operating Characteristic) charts available in QSAR-ME Profiler

Every class can be considered an event, depending on the users’ preference, so a ROC chart is plotted for
each. In the example above, a chemical classified as bioaccumulative (B) could be considered as the event of
choice but could also be the opposite (not bioaccumulative i.e., notB). The area under the curve (AUC) is a
gross measure (between 0 and 1) of the discriminant power of the classification model: the higher the AUC,
the better the classification accuracy of the QSAR. In case of more than two classes, ROC charts are based on
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a one versus the rest approach, where the class under consideration is the event while the remaining
together are considered as the no-event.

Hovering over the dots, hints display the sensitivity and specificity according to the probability threshold
compared to the post probability.

3.7 Endpoint prediction reports of user entered chemicals

After pressing the “Predict” button, once calculation is completed, a window containing the predictions of
the automatically selected QSARs by QSAR-ME Profiler is reported, like the example in Figure 23.

Predictions report X
File
half-life index Insubria PBT index | P.prom. acute tox mol | P.prom. acute tox mmol O.mykiss acl ol Algae growth inib. mol  Algae growth inib. mmal® ¢ 5
D Name SMILES Endpoint Consensus w... |Consensus w... ||'¥| 4.3 _PCP_Fi. )|/ 3.1 _Fish_A . |/w/ 4.4 PCP_Fi..
1 MOL_01 oc(=0)CcoCl=.. |pLC50 (malfl)  |4.1x0.81 4.1+0.81 3.7+1.4 Select QSAR | [4.1%1.3
2 MOL_02 CCl=CC(OCCC...[pLC50 (molfL) 5.0+0.81 5.0+0.81 4.5+1.4 View OMRF 4.8x1.4
3 MOL_03 0Cl=CC=C(C... [pLC50 (mol/L) 5.2+0.82 5.2+0.82 5.1+1.5 A 4.4+1.4
4 MOL_04 0=C(Cl=CC=... [pLC50 (mol/L) 4.9+0.81 4.9+0.81 5.4+1.5 4.6x1.4 4.6x1.3
5 MOL_05 CNCIC)C(O)C1... [pLCSO (molfL) 3.8x0.81 3.8x0.81 4.0x1.4 3.3x1.4 4.0x1.3
[ MOL_0& OCIN=C(C2=C...|[pLC50 (mol/L) 4.4+0.81 4.4+0.81 4.7x1.4 4.5+1.4 4.2+1.3
7 MOL_07 CCOC1=CC=C... [pLC50 (mol/L) 4.1+0.81 4.1+0.81 4.0x1.5 3.7x1.4 4.5+1.3
8 MOL_08 CCCl=CC=CC{...|pLC50 imal/L) 4.7+0.81 4.7+0.81 4.6x1.4 54+1.4 4.1+1.3
9 MOL_08 OC(=0)CIBr)Br [pLC50 (mol/L) 2.6x0.82 2.6x0.82 2.2*¥15 3.4x1.4 2.2x1.4

Figure 23. Example of a report of predictions. QSAR categories can be scrolled by the top right arrows (1) and selected
by clicking on the tab with the category of interest (2). QSARs in the main window and visualization of QVIRF can be
accessed by clicking on the down pointing arrow (3)

The left and right arrows on the right of the report allow scrolling the QSAR categories, while the
corresponding tabs allow their selection. For each category, columns containing the IDs, names, SMILES and
consensus statistics for the user-entered chemicals are shown, then follow columns containing the selected
models and the corresponding predictions, which can be recognized by a down-directed arrow on the left of
the name of the QSAR. By clicking on the arrow, a menu is shown allowing for A) the selection of the
corresponding QSAR in the main QSAR-ME Profiler window and B) the visualization of the corresponding
QMRF.

3.7.1 MLR QSAR reports

MLR QSAR reports are organized as in the following example of Figure 24.

QSAR-ME Profiler = O X
File

ETR in vitro rat hep  BTR in vitro mouse mic  Physico-chemical Global half-life index Insubria PBT index | |P.prom. acute tox mol|| P.prom. acute tox mmol O.r ¢ 3

D Name SMILES Endpoint Consensus weighted ALL | Consensus weighted AD || ¥/ 4.3 _PCP_Fi...[ ¥ 3.1 Fish A |/w 4.4 _PCP_Fi..
1 MOL_01 OC(=0)COC1l=...|pLC50 imal/L) 4.1+0.81 4.1+0.81 3.7x1.4 4.6x1.4 4.1x1.3
2 MOL_02 CCl=CC(OCCC...|pLC50 imaliL) 5.0x0.81 5.0x0.81 4.5x1.4 5.7x1.4 4.8x1.4
3 MOL 03 QCl=CC=CI(C... |pLC50 (mol/L) 5.2+0.82 5.2+0.82 5.1x1.5 6.1x1.4 4.4+1.4
4 MOL_04 0O=CiCl=CC=... |pLC50 imal/L) 4.9+0.81 4.9+0.81 5.4+15 4.6x1.4 4.6x1.3
5 MOL_05 CNC(CIC(O)C1... [pLC50 imalfL) 3.8+0.81 3.8+0.81 4.0x1.4 3.3x1.4 4.0x1.3
6 MOL_06 OC1IN=C{C2=C...|pLC50 imal/L) 4.4+0.81 4.4+0.81 4.7x1.4 4.5x1.4 4.2+1.3
7 MOL_07 CCOC1=CC=C... [pLC50 imal/L) 4.1+0.81 4.1+0.81 4.0x1.5 3.7x1.4 4.5x1.3
8 MOL_08 CCCl=CC=CCl...|pLC50 imal/L) 4. 7+0.81 4. 7+0.81 4.6x1.4 5.4x1.4 4.1x1.3
] MOL_0% OC(=0)C(BriBr |pLC50 imal/L) 2.6x0.82 2.6x0.82 2215 3.4x1.4 2.2x1.4
10 MOL_10 Clccc2=C(Cl... [pLC50 imal/L) 4.6x0.81 4.6x0.81 5.2x1.5 4.4+1.4 4.3x1.4

Figure 24. Example of a report of predictions for multiple linear regression (MLR) QSAR. See text for further details
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The first columns contain the IDs, the names, the SMILES and the name of the endpoint of the user-entered
chemicals. The “Consensus weighted” columns contain the combined predictions®® of the QSARs, which can
be found after the consensus columns. “Consensus weighted ALL” means that all predictions are used in the
calculation while “Consensus weighted AD” means that only the prediction within the structural and
endpoint domain are used. Concerning single predictions, uncertainties** and applicability domain warnings
(if any) are reported using “*” if the prediction is outside the experimental endpoint domain and “#” if the
chemical is outside the structural domain®®.

3.7.2 MLR models for the prediction of biotransformation in vitro

To collect chemicals according to the most likely reactions mediated by cytochrome P-450, the SMARTCyp
module embedded in Toxtree software!® was applied before the development of the QSARs, shipped with
QSAR-ME Profiler, to predict the hepatic in vitro intrinsic clearance in human, rat and mouse. This procedure
allowed to develop mechanistic QSARs based on metabolic reactions. Likelihood of reactions are ranked®’ in
descending order by Toxtree, so the report is organized accordingly by the detected rank and reaction, as
shown in the example of Figure 25.

QSAR-ME Profiler — [m} *
Eile
m man mic|| BTR an hep BTR in vitro rat mic  BTR in vitro rat hep  BTR in vitro mouse mic  Physico-chemical Global half-life index In: ¢ 3
Rank 1 | Rank 2 | Rank 3

O-dealkylation | N-oxidation N-dealkylation

D Name SMILES Endpoint Consensus weighted ALL ||Consensus weighted AD || ¥ 08.39_InVi... || ¥ 08.42_InVi... || ¥| 08.43_InVi..

1 MOL_01 OC(=0)COC1=...|Log_CL in vitro... |4.0e-02+0.19 -0.12+0.24 -0.44+0.51 * 2.3+0.85 *# -0.62+0.82 *#

2 MOL 02 CCl=CCiOCCC.. . |Log_CL in vitro... |0.45+0.18 0.39*0.31 0.18+0.53 # 1.0+0.72 0.39x0.82 #

3 MOL 07 CCOC1=CC=C... |Log_CL in vitro... |0.39+0.20 8.8e-02+0.27 0.41+0.65 # 0.63x0.73 -0.35+0.89 %3

4 MOL 08 CCC1=CC=CCl...|Log_CL in vitro... |0.37+0.18 0.54+0.31 0.40+0.61 # 1.3+£0.73 0.39+0.73 #

Figure 25. Example of a report of predictions for multiple linear regression (MLR) QSAR developed according to
cytochrome mediated reactions. Predictions are collected according to the Toxtree rank (1) and detected reactions (2)

3.7.3 LDA QSAR Reports

LDA QSAR reports are organized similarly to MLR QSARs, as shown in Figure 26. Consensus endpoint can be
either the most represented class or a tie. The consensus is calculated using all models, while consensus

13 Weighted averages and uncertainties of combined predictions are calculated according to the italian edition of “An
Introduction to Error Analysis, The Study of Uncertainties in Physical Measurements”, Taylor J.R., University Science
Books, 1982.
14 Uncertainties for new chemical unseen in model development were calculated according to Julian J. Faraway, Practical
regression and anova using R, 2002, cran.r-project book contribution.
15 A chemical is considered outside the structural domain if the HAT value is above 3p’/n where p’ is the number of
descriptors + 1 used by the model and n is the number of used chemicals.
16 Toxtree v. 3.1.0; Patlewicz G. et al. SAR QSAR Environ Res. 2008; Rydberg, P. et al. ACS Med. Chem. Lett. 2010; Rydberg,
P. et al. Bioinformatics 2010.
17 For manually selected reactions, as explained in section “Predicting the endpoint of new chemicals”, QSAR-ME Profiler
assigns rank 1 as default.
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endpoint filtered by applicability domain is currently under study and is planned to be implemented in a
future release of QSAR-ME Profiler.

Predictions report X

Eile

Fish biotransformation Human biotransformation Human total elimination PCP ATI Pharma ATl MLR test | |BCF fish|| BMF fish MULTI-CLASS <>
D Name SMILES Endpoint Consensus ¥ BCF Fish t ¥ BCFFish t

1 [MoL_o1 ) 1 ; E not8

2 MOL_02 B

3 MOL_03 B |notB

4 B

5 E

6 B

7 notB

8 E

C(BrlBr_|Bioconcentrati... |notB |nots

Figure 26. Example of a prediction report for multiple linear discriminant analysis (LDA) QSAR

4 How to customize QSAR-ME Profiler available QSARs

To customize available QSARs you must edit® XML (Extensible Markup Language) and CSV (Comma-
Separated Values) files with a text editor of your choice®®. Concerning XML files it is recommended not using
special characters, like &, < etc. which may conflict with the xml reader of QSAR-ME Profiler, while it is advised
using simple alphanumeric characters and _ for separating words (if needed). Concerning the text editor, it
is advised to disable text wrapping, to avoid confusion when editing lines. As a general comment, it is here
strongly advised to modify only the parts suggested in this guide, leaving the others untouched. In addition,
QSAR-ME Profiler checks configuration and QSARs files for consistency, warning the user in case of problems,
but this can be accomplished only to a certain extend: It is thus also advised to carefully check files before
running QSAR-ME profiler.

4.1 QSAR categories

A QSAR category in QSAR-ME Profiler is a collection of QSARs, sharing the same endpoint, which represents
coherent groups like, for example, bioconcentration factor in fish and carbon-water partition coefficient. The
gsar_layout.xml file, located in the config folder within the QSAR-ME Profiler one, allows for the
manipulation of the categories, and looks like the following example:

<7xml version="1 encoding="UTF-8"7>

<model gui=
<tab name= 1" folder= 1" hint="MLF 1 type= toxtree= [=
<tab name= 2" folder= 2" hint="MLF 2 type= toxtree= [=
<tab name= 1" folder= 1" hint="L 1 type= toxtree= [=

</model_gui=

A QSAR category begins with <tab and ends with />, everything in between specifies the QSAR category.
name is the name of the QSAR category, specified by the format: name="Name of the category”. The name
between quotes will be displayed in the QSAR-ME Profiler GUI.

folder is the name of the folder containing the QSARs, specified by the format: folder="name_of the_ folder”
(underscores are used instead of spaces for convenience). This folder must be in the gsar folder within the
main QSAR-ME Profiler folder.

18 Before editing, remember to close QSAR-ME Profiler if running.
191t is suggested to use an editor for text only.
20



QSAR-ME Profiler beta version
Manual

hint specifies the hint which appear on the GUI while hovering over the QSAR category with the mouse’s
cursor.

type specifies the type of QSAR model, which can be either type="mlir” (multiple linear regression) or
type="Ida” (linear discriminant analysis).

toxtree specifies whether the QSARs requires the use of Toxtree (toxtree="yes”) or not (toxtree="no”").

4.1.1 How to add or delete a QSAR category

To delete a QSAR category suffices to delete the corresponding line from the configuration file. For example,
let us assume that “MLR Category 2” should not be handled by QSAR-ME Profiler®: just remove the line
containing the unwanted category by editing qsar_layout.xml. In this case the file content would be like:

<7xml version="1 encoding="UTF-8"?>
<model gui=
<tab name= 1" folder= 1" hint="MLR 1 type= toxtree= /=
<tab name= 1" folder= 1" hint="LI 1 type= toxtree= S
</model_gui=

To see the effect of the reduction of available categories, save gsar_layout.xml and run QSAR-ME Profiler.
To add an existing QSAR category, edit gsar_layout.xml adding a line containing the category. The easiest
scenario is just reversing the steps of deleting the pre-existing category, as in the above example, while
adding a new category from scratch needs writing the .xml and .csv files of the new QSARs (the .pdf QMRF
files are optional), as explained in the following sections.

4.1.2 How to create a QSAR category

To create a QSAR category you need to:

1) Locate the gsar folder within the main folder of QSAR-ME Profiler
) Create a folder which will contain the new category’s QSARs files
) Create the .xml and .csv QSARs files
) Optionally create the .pdf QMRFs files

H W N

Steps 1 and 2 are straightforward so let us assume that a new_cat folder is created. Let us also assume that
this is an MLR QSAR category, called “New cat” whose QSARs, hinted in QSAR-ME Profiler GUI as “New
Category hint”, should use Toxtree. The corresponding gsar_layout.xml file would look like the following
example, where the new script line is evidenced by an arrow:

<?xml version="1 encoding="UTF-3"?>
<model gui=
<tab name= 1" folder= 1" hint="MLR 1 type= toxtree= f=
<tab name= 2" folder= 2" hint="MLR 2 type= toxtree= f=
<tab name= 1" folder= 1" hint="LI 1 type= toxtree= f=
» <tab name= folder= hint= type= toxtree= f=
</model gui=

As a final note, the order of the categories (i.e., the lines beginning from <tab and ending with />,) is
irrelevant.

20 The category folder and the QSARs within are not deleted from the disk, so the operation is reversible.
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4.2 How to create QSAR files

QSAR-ME Profiler loads QSARs as XML files (which, basically, descript the model) and corresponding CSV files
(which contain the training set chemicals data). Before starting, remember that for each QSAR the .xml and
.csv file name must be the same, like new_qgsar.xml and new_gsar.csv. To simplify the editing of the .xml
files, which are somewhat complex, the following templates are provided in the help folder located in the
main folder of QSAR-ME Profile.

mlir_template.xml - template for multiple linear regression QSARs
mlir_toxtree_template.xml - template for multiple linear regression QSARs using Toxtree
Ida_template.xml - template for linear discriminant analysis QSARs

4.2.1 How to create MLR QSAR XML and CSV files

We here focus on how to compile a Multiple Linear Analysis (MLR) QSAR to be loaded by QSAR-ME Profiler.
Let us assume we would like to add a QSAR called “New QSAR” to a QSAR category called “New category”
(see How to create a QSAR category for further details).

Before starting, it is here recalled that in even though the order of the items (the lines starting from <item
and ending to />) within the XML sections (e.g., <equation type ="normal"> ... </equation>) is irrelevant, it is
advised to keep them in the same order for the sake of readability. It is here also suggested to look to the
xml and .csv files of QSARs shipped with QSAR-ME Profiler (which are in the gsar folder, within the QSAR-
ME Profiler one. Examples reported in this text are simplified fictional QSARs, to avoid cluttering the
tutorials).

Here it follows a workflow for the creation and the editing of the XML and CSV files, where each step is
marked as a dot e

¢ copy the mir_template.xml file and rename it as new_qgsar.xml, then open it in a text editor (e.g., Windows
Notepad). Once opened, locate the header section, then locate the item containing type="name” and write
the name of the QSAR between the quotes (see arrow in the following example) of value.

<header=
<item type= value= =
</header=

¢ Locate the description section and write the description of the QSAR between CDATA[ and ], without
quotes?, as indicated by the top arrow in the example below, and then do the same for the description of
the endpoint (endpoint section), as indicated by the arrows in the example below.

cription=
[CDATA[Description of the new 0Q5AR]]=
</description=

<endpoint> ‘

<! [CDATA[pECS® (mol/L)]]=
</endpoint=

=des
!

21 The content between CDATA[ and ] is read literally, so you can use characters without restriction, excluding the 11>
sequence.
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¢ Let now assume you developed (or took from the literature) an MLR QSAR with the following equation (the
example is fictional):

pEC50 (mol/L) = 0.5473 - 0.1606 x C1SP2 + 0.1434 x minHBint4

Locate the equation section type="normal”, then locate the type="intercept” item and write the intercept
value?? between the value quotes (upper arrow, in the example below). Concerning the descriptors, locate
the type="coefficient” item, then write the descriptors’ names between the name quotes (lower left arrow
in the example below) and the value of the coefficient between the value quotes (lower right arrow in the
example below).

%

<equation type=

<item type="intercept" value="0.5473"/>
<item type="coefficient" name="C15P2" value="-0.1606"/>
<item type="coefficient" name="minHBini4" wvalue="0.1434"/>

</equation> ‘ ‘

Then locate the equation section type="standardized” and write the values of the standardized coefficients
the same way as the normal coefficients, below follows an example.

<equation type="standardized"=
<item type="coefficient” name="C15P2" value="-0.7853"/>
<item type="coefficient" name="minHBint4" value="0.6083" /=

=/equation=

o Statistics concerning the intercept and the coefficients are in the statistic sections. Three types of statistics
must be provided: confidence, significance (p-value) and standard_error, which must be compiled the same
way as for the equation sections. Below follows an example.

<statistic type="confidence"=
<item type="intercept" value="0.2280"/>
<item type="coefficient" name="C15P2" value="0.06261"/>
<item type="coefficient" name="minHBint4" value="0.06472" />
=/statistice
<statistic type="significance"»
<item type="intercept" value="0.00009098" />
<item type="coefficient" name="C15P2" value="0.00004420"/>
<item type="coefficient" name="minHBint4" wvalue="0.0002081"/>
=/statistic=
=statistic type="standard error"s
<item type="intercept" value="0.1075"/>
<item type="coefficient" name="C15P2" value="0.02953"/>
<item type="coefficient" name="minHBint4" value="0.03053" />
</statistice

e Fitting performances are located in the performance section, type="fitting”. Two items are obligatory
because involved in calculations: <item type="value” name ="s” and <item type="value” name ="h*”, where
“s” is the standard error of the estimate (i.e., the square root of the squared residuals mean) and “h*” is the
leverage cut-off value (calculated as 3p’ / n, where p’ is the number of the descriptors + 1 and n the number
of compounds). Other items are optional, like for example <item type="value” name ="R2”, but it is strongly

22 Numerical values in the QSAR XML files must conform to 64 bits double precision format IEEE 754. This means that a
string with up to 15 significant digits and an approximate range from 4.9x103%?* to 1.80x103% can be accepted.
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advised to add them whatever can help better understand the QSAR’s performances. Names and values of
optional items can be any since they are not used for calculations, but are only displayed as model’s
information, while “s” and “h*” cannot be changed. Below follows an example.

<performance type="fitting"=

<item type= name="R2" value="0.7372"/>
<item type= name="R2 value="0.7844" />
<item type= name="RMSE" value="0.1858"/>
<item type= name="MAE" value="0.1470"/>
<item type= name="CCC" value="0.B8487"/>
<item type= name="F" value="22. 44" /=
<item type= name= value="0.2025" /=
<item type= name= value="0.4737"/>

=/performance=

» Cross validation performances are optional (even though is strongly advised to provide some for the user’s
convenience) and are located in the performance section, type="cross_validation”. Names and values of
cross validation items can be any, since are not involved in calculations but are only displayed as information.
Below follows an example.

<performance type= idation"=
<item type= name="02L00" value= 58" />
<item type= name="RMSE" value="0.1735"/>
<item type= name="CCC" value="0.7973"/>

=/performance=

¢ The dataset section tells QSAR-ME Profiler where to look for the training set values (while reading this part
it is suggested to look at Figure 27 for reference. The upper part of the example concerns the XML file while
the lower part the training dataset as it would be shown in a spreadsheet software like Excel of OpenOffice.
Numberer circles helps in finding the correspondences between the dataset items and the spreadsheet
columns.)

The value of <item type="file_name” is the name of the CSV file containing the dataset, in this example is
new_gsar.csv (for coherence, the name excluding the extension corresponds to XML file new_gsar.xml). The
value of <item type="object” corresponds to the column name containing the names of the chemicals while
the value of <item type="smiles” corresponds to the column name containing the chemical’s SMILES. The
values of <item type="exp_endpoint”, <item type="pred_endpoint”, <item type="residual” and <item
type="std_residual” corresponds respectively to the column’s names of the experimental and predicted
endpoints followed by the normal and standardized endpoint’s residuals. The value of <item type="hat” is
the name of the column containing the chemical’s hat (leverage) values. The remaining value of the <item
type="descriptor” items are the names of the columns containing the QSAR’s descriptors.

Additional columns in the CSV files containing data not referenced in the dataset section will be ignored, thus
can be left in place if you prefer to do so.
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<dataset=

<item type="file name" value="new gsar.csv"/=>

<item type="object" value="Name"/> ®

<item type="smiles" value="SMILES"/> @

<item type="exp endpoint" value="Exp. endpoint"/> ®

<item type="pred endpoint" value="Pred. endpoint"/> ®

<item type="residual" value="Residual"/> ®

<item type="std residual" value="Std. Residual"/> ®

<item type="hat" value="Hat"/>

<item type="descriptc value="C15F2" /=

<item type="descriptc value="minHBint4"/> ©@

</dataset> a

® ® @ & & @ ©®
Mame SMILES Exp. endpoint |Pred. endpoint Residual 5td. Residual Hat (C15P2 minHBint4

14424 Cclooo(ool My 0.0792 0.2393 01601 0.8164 0.0618 3 1.2128
14673 Coclnc(MNc2oo -0.4976 -0.5771 -0.0795 -0.4949/0.3700 7 0.0000
14798 CCC{=0)NC¥ -0.3416 0.0654) 04070 2.0785/0.0644 3 0.0000
15778 CCNC(=NS(=> 1.0748 0.9361 -0.1387 -1.0081/0.5382 2 4.9528
16666/ Clclcco(ccl)y 0.0569 0.0138 -0.0431 -0.22000.0624 4 0.7603
17360 Cnlece(c2cley -0.3188 -0.2559) 0.0629 0.3337 01321 & 0.0000
18304 COclco(ococls -0.2676 -0.2559, 0.0117 0.06220.1321 & 0.0000
18416 COclcc2c(ce 0.5635 0.5473 -0.0162 -0.0944/0.2822 0 0.0000
18507 COclcc2nc(m -0.1419 0.2189) 0.3608 1.8369/0.0587 3 10707
19753 CS(=0)(=0)Cx 0.3909 0.0654 -0.3255 -1.6622/0.0644 3 0.0000
19757 CS(=0)(=0)Cx 0.1399 0.0654) -0.0745 -0.38040.0644 3 0.0000
20785 N#CC1(CC1¥ 0.0512 0.2260) 01748 0.9076 0.0845 2 0.0000
20786 N#CC1{CC1¥ 0.4014 0.2260 -0.1754 -0.9102/0.0945 2 0.0000
20787 N#CC1(CC1» 0.3345 0.2260, -0.1085 -0.5630/0.0945 2 0.0000
21220 N#Cclcocococck 0.2253 0.0654 -0.1599 -0.8165/0.0644 3 0.0000
21230 N#Cclcococock 0.1399 0.2260) 0.0861 0.44720.0045 2 0.0000
22918 O=C{clcnfc2» 0.2405 0.3126) 00721 0.5397 0.5644 ] 5.0856
24213 OC(=0)C(MNS» -0.2262 -0.1650, 0.0612 0.3188 0.1001 4 -0D.4865
24855 0CCC(cloccok 0.2833 0.0076 -02757 -1.4065/0.0625 4 0.7172

Figure 27. The script (1) is an example of the dataset part of the QSAR XML file, which tells QSAR-ME Profile the name of
the CVS dataset (2) file containing the training data and how to read it (circled numbers in red show the correspondences
between the XML items and the CSV tabled data). See main text for further details

The above table in the example concerns data display in a spreadsheet software. It is here recalled that a CSV
file is a text table whose fields are separated by a comma. Figure 28 shows, for clarity, the same table above
as a text file (some commas are evidenced by arrows). In case fields contain commas, like for example the
chemical name 2,4-Diaminotoluene, the field must be embraced by quotes® (e.g., “2,4-Diaminotoluene”),
otherwise QSAR-ME Profiler would confuse these commas as field separators.

23 Using quotes for fields containing commas is a common procedure usually followed by spreadsheet software when
saving tables as CSV files.
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Mame SMILES,Exp. endpoint,Pred. endpoint,Residual,5td. Residual,Hat,Cl5P2, m1nHBlnt4

14424, Cclecc{ocINC{=0) cloco{ccl)0Cclesonl ) NC{=0) clccco {cL)NLCCOCCL, 792,0.2393,0.1601,0.8164, 618,3,1.2128

L-f'E Celnc{Nc2eco{cc2F)C{=0)N2CONCC2 ) c2n{cl)c{cn2) clec[nH]ncl, -0. 4976, -8.5771, - 795, -0.4949,0. e
14798, CCC{=0)NCLCCC{CL)C{=0)N{clcccl{ccl)clnc2e{ol)cocc2 ) C, -0, 3416, 654,0.4070,2.6785, 644,13,
15778, CONC{=N5{=0) {(=0) clcccc{cl)CLININ=CCClclcccol, 1.0748,0.9361, -0, 1387, -1 81,0.5382,2,4.9528
16666, Clelece{ccl)CNC{=0)CL{N)CCN{CC1)clncnc2clec[nH] 2, GED, 138, - 131, -0. 2268, B24,4,
17360,Cnlcc{c2clencc2) cleenc{nl) clecc {ccl)5(=0) (=0)C, -0. 3188, -0. 2559, 629,0.3337,0.1321,5,

18304 CDclcc{ccclNclncnc{cl]clc[nH]c2c1ccnc2]MlEEM{CEl]E{—D]C -8.2676, -8.2559, 117, 622,0.1321,5,
18416, C00cloc2c{cclOC)CCnlc2ei{ncl)clococ{cl ) NICCOCCL, B 5635,0. 5473, - 162, - G44,8.2822.0,

185087, C0clocc2nc{nc{c2cc10C)N)NICON(CCL)C{=0)clcceool, -0. 1419, 6. 2189,0. 3608, 1. 8369, 587,3.1

19752, 05(=0) (=01C{clcc{nci{nl)clcccc2cloc[nH] 2 )NICCOCCL) (C)C, 0. 2965, 654, -0.3255,-1.6622, 44,3,
18757, C5(=0) (=0)C1{CCOCCL1)clec{nc{nl) clecccc2eclec[nH] 2 JNICCOCCL, . 1355, G54, - 745, -0.3884, B644,3,
ZETEE  NECCL{CCIINC{=0)C1CCCCCIC{=0)NICCN{CCLl)cleec{ccl)F, 512,0.2260,0.1748,0.9076, 345,2,
ZETEE,MECCL{CCIINC{=0)CICCCCCIC{=0)NICCN{CCLl ) cleoc{ccl)0C, 0. 4014, 0. 2266, -0, 1754, -0. 9162, 945,2,

28787 NECCL{CCLYNC{=0)CICCCCCIC({=0)NICON{CCLl)clcocoeel, . 3345, 8. 2260, -6. 1885, -6. 5630, 345,2,

212209, NfCclococcl0cloec (el ) C{=0)NCclccnccl, . 2253, BS54, -8.1599, -0. 8165, 644, 3,

21220, ,M8Cclococcl0clooe (ool ) C{=0)NCclccnonl, B 1359, 0. 226 861,0.4472, 945, 2,

220180 D=C{clcn{c2cccc{c2]C#CcEcccncZ]c2c{c1—ﬂ]cccn2]NClCC1 24 Z, ELLJ, 721,8.5397, Zf--,f,I
24213,0C(=0)C{NS{=0){=0)clcccc{clCL)CL)CNC(=0)clcscel, -0. 2262, -0, 1R5 h12 3188,6.1

24855 ,0C00C  cloce{ccl)CUYNC{=0)CL{N}CCN{CCL1 ) clmcnc2cloc[nH] 2, 0. 262

ST EEr 3

Figure 28. Example of a CSV file. Items are separated by a comma, as indicated by the arrows

4.2.2 How to create Toxtree derived MLR QSAR XML and CSV files

Toxtree (using the SMARTCyp module Cytochrome P450-Mediated Drug Metabolism and metabolites
prediction) can be used to select training set chemicals according to their potential reactivity based on
putative cytochrome P450 (CYP) mediated reactions. Before starting, remember to set toxtree="yes” as
explained in section “How to create a QSAR category in case you are creating a new QSAR category”.

The CSV file must be compiled as explained in the “How to create MLR QSAR XML and CSV files” section, the
same for the XML file, except the header section which requires additional information like the organism, the
assay, the rank and the reaction. Below follows an example.

<header>

<item type="name" wvalue="New QSAR"/>

<item type="organism" value="rat"/>

<item type="assay" value="hepatocytes"/>

<item type="rank" value="2"/>

<item type="reaction" wvalue="aromatic hydroxylation" />
=/header=

Organism and assay must be known a priori, while the rank and the reaction can be read from the output of
Toxtree. Since QSAR-ME Profiler parser is case sensitive, remember to be consistent with values, for example
do not write “Rat” in one XML file and “rat” in another. Either you use “Rat” or “rat” (for simplicity it is here
suggested to use lowercases only). Concerning reactions names, they must be the same as the ones reported
in the Toxtree output files.

4.2.3 How to create LDA QSAR XML and CSV files

Linear Discriminant Analysis (LDA) QSAR XML and CSV files are compiled similarly as explained in the “How
to create MLR QSAR XML and CSV files” section. The header, description and endpoint sections must be
compiled the same way as MLR QSAR while the remaining sections must conform for LDA, as explained
below.
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¢ Locate the equation section, type="discrim_function”. This section, containing the discriminant functions,
is organized the same way as for MRL models, except that the class names must be specified. In the example
below three classes named 1, 2 and 3 are specified by class=“1", class="2" and class=“3".

<equation type="discrim function"=
<item type="intercept" class="1" value="-11.52"/>
<item type="coefficient" class="1" name="MW" value="15.09"/>
<item type="coefficient" class="1" name="Mp" value="29.561"/>
<item type="intercept" class="2" value="-1.860"/>
<item type="coefficient” class="2" name="MW" value="3. 266" /=
<item type="coefficient" class="2" name="Mp" value="10.74"/>
<item type="intercept" class="3" value="-2.670"/>
<item type="coefficient" class="3" name="MwW" value="-6.085"/=
<item type="coefficient" class="3" name="Mp" value="8.024"/>
</equation>

¢ To make LDA equations easier to be handled numerically by QSAR-ME Profiler, descriptors need being
normalized (by QSAR-ME Profiler), so their minimum and maximum values must be provided. Locate the
equation section, type="descr_range” and then write between quotes the name of the descriptor (e.g.,
name="MW"), its minimum (e.g., min="30.05") and maximum (e.g., max="498.6") values, as in the example
below.

<equation type="descr range'=
<item type="value" name="MW" min="30.05" max="498.6"/>
<item type="value" name="Mp" min="0.500" max="1.190"/>

</equation>

* The fitting performances for classification are not obligatory, since are only shown but are not used for
calculations, anyway it is strongly recommended to report some to help the user of the model to better
understand performances, as in the following example.

<performance type="fitting"=
<item type="value" name=
<item type="value" name=
<item type="value" name="F
<item type="value" name=
<item type="value" name=

value="0.8056" />
value="0.4583" />

- than NIR]" value="1.553e-09"/>
value="@,8947" />
value="@.9623" />

<item type="value" name= value="0.7273" />
<item type="value' value="0.8718" />
<item type="value' value="0.8500" />
<item type="wvalue' value="0.8654" />

</performances=

¢ Prior classification probabilities must be reported in the probability section, type="prior” as in the following
example for class 1, 2 and 3. These are the a priori classes probabilities used to calculate the final discriminant
score (for each class, the final score is calculated by adding the natural logarithm of the a priori probability
to the result of the discriminant function).

<probability type="prior"=

<item type="value" class="1" wvalue="0.2638"/>
<item type="value" class="2" wvalue="0.4584"/>
=item type="value" class="3" value="0.2778"/>

</probability=
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¢ The dataset section is similar to the same section explained in “How to create MLR QSAR XML and CSV
files”, as shown in the example below.

=dataset=
<item type="fi value= [
<item type= value="CAS" /=
<item type="smi value="SMILES" />
<item type= i value="E /=
<item type= i value="F /=
<item type= class="1" value="F 1" /=
<item type= class="2" value="F 2" /=
<item type= class="3" value="F 3" />
<item type= i value="MW" />
<item type= i value="Mp" />

</dataset>

Itis here recalled that the value of <item type="file_name” is the name of the CSV file containing the dataset,
in this example is I[da_gsar.csv. As for MLR, the value of <item type="object” is for the CSV file table column
containing the names of the chemicals while the value of <item type="smiles” corresponds to the column
name containing the chemical’'s SMILES. The values of <item type="exp_endpoint”, <item
type="pred_endpoint” corresponds respectively to the column’s names of the experimental and predicted
classes. The values of <item="post_prob” items corresponds to the CSV columns containing the post
probabilities associated to the classes (the latter must be specified in class= within the items). The remaining
value of the <item type="descriptor” items are the names of the columns containing the QSAR’s descriptors.
As for MLR, additional columns in the CSV files containing data not referenced in the dataset section will be
ignored, thus can be left in place if you prefer doing so.

4.3 How to create cache data

Repetitive time-consuming calculations are avoided by QSAR-ME Profiler by performing these calculations
once and then saving the results in cache data files, to be loaded later when needed. When new QSARs files
are created, as explained in the sections above, QSAR-ME Profiler automatically detects missing cache data,
so you will be warned as shown in Figure 29.

Missing cache data b4

¥  please press OK and wait until cache data is generated.

w‘ﬂor\

Figure 29. When new QSARs are added, or some cache data has been deleted accidentally, QSAR-ME Profiler will ask for
its generation

By pressing OK, QSAR-ME Profiler proceeds by creating the cache data. Since it can take a long while, progress
can be followed in the output monitor of QSAR-ME Profiler, as shown in Figure 30.
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Figure 30. While generating cache data you will be informed on its progress by the output monitor (1)
Sometimes cache generation cannot proceed because of the SMILES format, as shown in Figure 31.
Cannot generate cache data For chemical: 000108-93-0 x
@ org.openscience.cdk exception.invalidSmilesException: could not parse 'C1CCCICC1)O). Closing of an unopened branch, SMILES may be truncated
oMl ok

Figure 31. Sometimes cache cannot be generated. See main text for possible solutions.

Such a problem is usually solved by canonicalizing the SMILES (otherwise try different options from your
SMILES software generator and/or website). Here it follows some suggested steps to solve the issue.

1) Close QSAR-ME Profiler

2) Load the CSV file containing the problematic SMILES and substitute the SMILES with one having a
different format (as suggested above, try first a canonicalized one) and save the file

3) Locate the cache folder in the main QSAR-ME Profiler folder

4) Locate the folder corresponding to the QSAR category (see “How to create a QSAR category” for
further details) you are working on

5) Locate and delete the files with the same name (excluding the extensions) of the problematic model

6) Run again QSAR-ME Profiler and press the OK button of the missing cache data dialog. Data cache
generation will follow. If the new SMILES is acceptable cache data generation will proceed further.
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In case the SMILES is still not acceptable, or the problem is the SMILES of a following chemical, redo
steps from 1.

5 Models included in QSAR-ME Profiler

Category Models
Physico-Chemical properties 1 x Soil organic carbon-water partition coefficient (Koc)?*?°
Global Indexes 1 x Global Half-Life Index (GHLI)?**?
1 x Insubria PBT index?*?7
Aquatic Toxicity 1 x Fish acute toxicity®?
Aquatic Toxicity of personal care products (PCPs) 1 x PCP freshwater algae growth inhibition?®

1 x PCP Daphnia sp. acute toxicity?®
2 x PCP fish acute toxicity?°
1 x PCP Aquatic Toxicity Index (ATI)?®

Agquatic Toxicity of Pharmaceuticals 1 x Pharmaceutical freshwater algae growth inhibition3°
1 x Pharmaceutical Daphnia sp. acute toxicity3°

2 x Pharmaceutical fish acute toxicity3°

1 x Pharmaceutical Aquatic Toxicity Index (ATI)3

Metabolic transformation 3 x Fish biotransformation3!
4 x Human biotransformation3?

1 X Human totaI eliminationErrore. Il segnalibro non é definito.

22 x Rat CYP P-450 microsomes biotransformation33

10 x Rat CYP P-450 hepatocytes biotransformation3

18 x Mouse CYP P-450 microsomes biotransformation33
43 x Human CYP P-450 microsomes biotransformation33

10 x Human CYP P-450 hepatocytes biotransformation33

Bioaccumulation 1 x Fish biomagnification factor3*
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