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See https://doi.org/10.1021/acs.est.1c01907 for more on rubber ducky analysis.
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Vimes ... Curating a dataset for modeling

Agency

MoNA - MassBank of North America |l Spectav & Downloads &b Upload @Help~

& Downloads

A zet of commonly referenced predefined queries. Clicking the name of the query will display the associated spectra in the query browser. Each query 1s also available to download
in either the MoNA mternal JSON format or as NIST MS Search compatible MSP files.

[[] Display Hidden Downloads
@ Q, All Spectra (639,728 spectra) & Download

[51Q In-Silice Spectra (490,087 spectra) & Download

[51Q, Experimental Spectra (169,641 spectra) & Download

[£1Q GC-MS Spectra (18,883 spectra) & Download

= Q LC-MS Spectra {133,301 spectra) & Download

= Q LC-MS/MS Spectra (125,833 spectra) & Download

[£1Q LC-MS/MS Positive Mode (86,576 spectra) & Dovwnload

(31 Q LC-MS/MS Negative Mode (38,475 spectra)

« 4,103 unique compounds detected in ESI+ LC-MS
« 3,007 unique compounds detected in ESI- LC-MS
« 1,542 unique compounds detected in both modes

& Download
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* Only amenable compounds identified in MoNA
* No unamenable compound data

» ToxCast library LC-MS/MS curation
e Spectra checked individually for quality

.'.;o'.' -
-2 Agilent
* Provides unamenable compound data :
* ESI+ LC-MS/MS
* 393 amenable; 456 unamenable

* ESI- LC-MS/MS
* 456 amenable; 402 unamenable
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* Only amenable compounds identified in MoNA
* No unamenable compound data .
» ToxCast library LC-MS/MS curation ete’ -
o | -<.2 Agilent
e Spectra checked individually for quality -l N

* Provides unamenable compound data

« ESI+ LC-MS/MS Overall dataset
* ESI+LC-MS/MS

* 4,226 amenable; 387 unamenable
* ESI- LC-MS/MS * ESI- LC-MS/MS

* 456 amenable; 402 unamenable 3,130 amenable; 360 unamenable

* 393 amenable; 456 unamenable
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Curating a dataset for modeling

DTXSID3020384| mmip

UREBDLICKHMUKA-CXSFZGCWSA-N

UREBDLICKHMUKA-CXSFZGCWSA-N

UREBDLICKHMUKA-DVTGEIKXSA-N

UREBDLICKHMUKA-IAIMTWSWSA-N

UREBDLICKHMUKA-IVVBZYGOSA-N

UREBDLICKHMUKA-QEPYKOQPSA-N

UREBDLICKHMUKA-VQPNKHIKSA-N

-

Office of Research and Development
Center for Computational Toxicology and Exposure

4

UREBDLICKHMUKA

!

CC1CC2C3CCCa=CC(=0)C=CC4(C)C3(F)C(0)CC2(C)C1(0)C(=0)Co




< EPA s
M e DESCribiNG molecular structures

Agency

Software News and Update

PaDEL-Descriptor: An Open Source Software to
Calculate Molecular Descriptors and Fingerprints
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« 1,444 1D & 2D Molecular descriptors from QSAR-ready SMILES. Examples include...
* Electrotopological states weighted by atomic properties

* Molecular linear free energy relationships weighted by atomic properties
* Atom, bond, & ring counts
* LogKow (logP) predictions, etc..
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* Dimension reduction will do two things:
e improve interpretability of models
* make model calculations faster
« Remove chemicals missing descriptors™
« Remove any constant descriptors (variance(x) = 0)
« Remove near-constant descriptors (sd(x) < 0.25)
e 0.25 gives a good balance between reduction and retention
 Calculate pairwise correlations between remaining descriptors
* Eliminate based on a cutoff = 0.96 correlation
« descriptor showing largest pair correlation with other descriptors was excluded

1,444 descriptors = 451 descriptors
o [ T—
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menablllty Data
ESI+ Dataset

LESI Dataszel

Performance Metrics

PaDEL Descrlptﬂrs

o Sensitivity = ——
Training Set enstivt y N TP + FN

!

TN
250 RandannrestMndel) Y o . .

4 Specificity =
Test Set . pectf Y TN + FP

5-fold Cross Validated Model Y-randomized Maodel
\I I‘/ sensitivity + specificity
Performance Metrics ) balanced accuracy = 5
Balanced Accuracy
Sensitivity
Specificity
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Random Forest Algorithm

Training set X = x,x,...x,, with responses
Y=y.¥,..Y,

For number of trees, b=1,...,B

1. Sample, with replacement, n training
examples from X, Y; X,, Y,.

2. Train a classification tree f, on X,, Y,.

3. The majority of all f, classifies unseen
endpoints.

1 Office of Research and Development
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Training Set Fivefold CV
Balanced Balanced

Model Size Accuracy | sensitivity | Specificity | Accuracy | Sensitivity | Specificity
ESl+ Models
(Downsampling Applied) 580 0.78 0.79 0.77 0.77 0.76 0.78
ESl+ Models
(Upsampling Applied) 6340 0.99 1.00 0.99 0.99 0.98 1.00
ESI- Models
(Downsampling Applied) 550 0.83 0.82 0.64 0.81 0.83 0.79
ESI- Models
(Upsampling Applied) 4688 0.99 1.00 0.986 0.98 0.97 1.00

Test Set Y-randomization
Balanced Balanced

Model Size Accuracy | sensifivity | Specificity | Accuracy | Sensifivity | Specificity
ESl+ Models
(Downsampling Applied) 1153 0.81 0.85 0.76 0.48 0.44 0.51
ESl+ Models
(Upsampling Applied) 1153 058 0.98 0.19 0.55 0.48 063
ESI- Models
(Downsampling Applied) ar1 0.82 0.85 0.80 0.50 0.49 0.51
ESI- Models
(Upsampling Applied) 871 0.68 0.99 0.36 0.51 0.46 0.56
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ESI+ Models (Downsampled Majority Class)

Amenable 1

Experimental Result

Unamenable 1

0.00 0.25 0.50 0.75 1.00

Probability of Detection by Model
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ESI- Models (Downsampled Majority Class)

Amenable 1

Experimental Result

Unamenable -

0.00 0.25 0.50 0.75 1.00

Probability of Detection by Model
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ESI+ Models (Downsampled Majority Class)

MLFER_BH ®
IC2 g
IC3 .
g Max3_Bhs .

ZIl .
MLFER E o Information Content
SHBd ~ o *captures isomerism and

; tautomerism which influence

maxHBd Gﬁ‘ retention of molecules on a column
AFER_
ATShHs o
SpMax4_Bhs

minHBInT2
SpMax6_Bhs
GG

PaDEL descriptors

Captures electronic and topological information
ATS2s *captures ionization potential of molecules
minsssCH ©

[ | [ I l
0 2 4 6 8

MeanDecreaseGini
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External Validation

Environmental Protection
Agency

« 1,768 chemical compounds analyzed
for LC-MS amenability as part of
ToxCast program

— All compounds exclusive of
modeling dataset

Office of Research and Development
Center for Computational Toxicology and Exposure

ESI- Downsampled Model

Amenable (Prediction)

Unamenable (Prediction)

Detected (Experiment) 323 502
Not-detected (Experiment) 68 874
Sensitivity 0.83
Specificity 0.64
Balanced Accuracy 0.73

ESI+ Downsampled Model

Amenable (Prediction)

Unamenable (Prediction)

Detected (Experiment) 423 402
Not-detected (Experiment) 103 839
Sensitivity 0.80
Specificity 0.68
Balanced Accuracy 0.74
Combined Models

Amenable (Prediction) | Unamenable (Prediction)
Detected (Experiment) 505 320
Not-detected (Experiment) 129 813
Sensitivity 0.80
Specificity 0.72
Balanced Accuracy 0.76




SEPR .. Model Applicability to ToxCast

Agency

chain:alkeneLinear_diene_1_4-diens -
ring:polycyele_bicyelo_[3.2 1]octane -
bond:CNO_amine0xide _genernc 1 ——
chain:alkaneBranch_isooctyl_hexyl_2-methy ——
ring:polycycle_spiro_[4 5]decans T —
ring:polycycle_bicyclo_[4.4.1]undecane - _ N

bond:CHNO_amineOxide _dimethyl_alkyl 4 —— [Qc

|

—

groupnuclecbase_guanine 9
rnng:hetero [5 5 6] O aflatoxin_generic T

bond:N=0_nitrite_neutral - / O..
bond:C({~Z)~C~Q_b-halocarbonyl 4 <
ring:hetero_[3]_M_aziridine 1
bond:S({=0)0_sulfonicEster_alkyl O-C_{H=0) 7

bond:; X~Z_halide-[N_P]_heteroatom_N_generic 1
bond:P=0_phosphonate_alkyl ester
bond:Cx_halide_alkyl-X_bicyclo[2_2_1]heptene -
bond:S{=0)0_sulfonicEster_alkyl_5-C 1

bond: P=0_phosphonate_aliphatic_aster 1
bond:X~Z_halide-[0_5] heteroatom
bond:quatP_phosphonium -
bond:S(=0)0_sulfonyl_triflate
bond:metal_transition_oxy 1
bond:CX_halide_alkyl-X_benzyl_generic -
bond:metal_metalloid_B_generic -
bond:Cx_halide_alkyl-X_aromatic_generic 1
bond: C=0_acyl_halide 1

ToxPrints

bond:metal_metalloid_alkylSiloxane -
atom:element_metal_transition_metal 4

[ ]
|

|

[ ]

|

|

|

bond:X~7_halide-[M_P]_heteroatom - -

|
0

25 50 75
Frequency of Occurrence

B Model Dataset Tox21

Comparison of prevalent ToxPrint chemotypes in
sk ie et e, amenability dataset against the ToxCast dataset
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SEPA Model Comparison with Expert Intuition

Environmental Protection
Agency

» A small molecule containing a carboxylic acid functional group should be amenable to

ESI- LC-MS “N
“‘f
0

« 773 compounds contained the ToxPrint “bond:C(=0)O_carboxylicAcid _generic” in
amenability dataset

ESI- Downsampled Model
Amenable (Prediction) | Unamenable (Prediction)
Detected (Experiment) 728 4
Not-detected (Experiment) 37 9
Sensitivity 0.95
Specificity 0.69
Balanced Accuracy 0.82
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Suspect-screening application

e List of ENTACT compounds identified in
ESI+ & ESI- LC-MS

—228 in ESI+
—108 in ESI-

Count

201

« Retrieved candidates for each

. N IIIIIII.II- pmnlenl_ 5. _m . . B
molecular formula via Dashboard - - - -

—13,325 candidates for ESI+

20
251

Rank by ESI+ Downsampled Mgzel Prediction
—7,079 candidates for ESI-

10

40 50
201

« Generated amenability predictions for
candidate structures

151

Count

« Rank ordered candidates by amenability
probability

Office of Research and Development
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« Manuscript is currently undergoing peer review
« Comparison of model results to Analytical QC data for ToxCast library

* Good examples — no signal in LC-MS ESI+, ESI- or in GC-MS BUT present and high
purity by NMR

« Working with collaborators to gather additional data, particularly unamenable
compounds

» Additional collaborators would be appreciated!
 Future plans
* Predictions for entire DSSTox database
* Application for on-the-fly predictions based on a drawn structure
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CompTox Chemicals Dashboard mockup - Predictions

81

Predictions

00

o Z 0O I

Select properties to predict

Teaicolagicsl properties
b haur fathead mannsw LCSO
B 48 hsur D, nagra LC%0
48 baur T, pyriforenis IGCS0
Cral rat LDS0
Bioconcentration
Developrmental ta
Arnies muthgeradty
Estrogen Receptar REA
Estrogen Receptar Binding

Ao

Physacal properties
Mol bading pant
Metting pant
Flagh peant
Vepor presure
Dty
B surface tension
Thermal canductnity
WViscasity

LCMS Predictions

ESl+ mode
ESl- mode
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