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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) & Download
« 772 compounds in derivatized GCMS
« 7,199 compounds in non-derivatized GCMS
« 4,145 compounds in ESI+ LCMS
[ J

2,981 compounds in ESI- LCMS
_ Office of Research and Development
Center for Computational Toxicology and Exposure
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Originally submitted to the MassBank High Quality Mass Spectral Database
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* Only amenable compounds identified in MoNA
* No unamenable compound data R
» ToxCast library LCMS curation ‘e®’ -
e Spectra checked individually for quality .:':{. Ag ! I ent
* Provides unamenable compound data :
 ESI+ LCMS
* 403 amenable; 469 unamenable
 ESI- LCMS
* 464 amenable; 415 unamenable

« Caveat: some of these unamenable compounds are amenable based on MoNA*

Office of Research and Development
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Curating a dataset for modeling
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Software News and Update

PaDEL-Descriptor: An Open Source Software to
Calculate Molecular Descriptors and Fingerprints

CHUN WEI YAP
Department of Pharmacy, Pharmaceutical Data Exploration Laboratory,

National University of Singapore, Singapore
Received 17 May 2010; Revised 22 August 2010; Accepted 12 October 2010

DOL 1010021 jee 21707
Published online 17 December 2010 in Wiley Online Library (wilevonlinelibrary.com).

« 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
* logP predictions, etc..

7 Office of Research and Development
Center for Computational Toxicology and Exposure
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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 pair-wise 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 = 498 descriptors
Y e Tomaon and Exposur
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* Models randomly divided into training and test sets

* 75% of data for training, 25% for testing

e e Datasets suitable for modeling

 Data stratified to maintain proportions in outcome variable

e Different for each model

* InChlKey skeleton as identifier

ESI+ Dataset
4495 Amenable
456 Unamenable

Training Set

3139 Amenable
321 Unamenable
~10% Unamenable

Office of Research and Development
Center for Computational Toxicology and Exposure

Test Set

1036 Amenable
117 Unamenable
~10% Unamenable
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« Random forest models for two endpoints
* ESI+ LCMS, ESI- LCMS
* Balance training set with either upsampling or

Performance metrics

i TP
downsampling Sensitivity = TP+ FN
* Optimize hyperparameters via grid search
« Number of decision trees e TN
Specificity =
 Number of random descriptors selected at N+ FP
each node
« 5-fold cross validation balanced accuracy — SorSrivity 1 specificity

2
* Y-randomization

 Randomly scramble endpoint,
descriptors left intact

10 Office of Research and Development
Center for Computational Toxicology and Exposure
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Random Forest Algorithm

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

Forb=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
Center for Computational Toxicology and Exposure
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ESI+ Models (No Subsampling Applied)

1.00 1

o
~
o1

Performance
o
n
(e ]

0.25 1

0.00 1

Fivefold CV Test Training Y-Randomization

B Balanced Accuracy [ Sensitivity Specificity

12 Office of Research and Development
Center for Computational Toxicology and Exposure
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Imbalanced training sets lead to bad models!

13 Office of Research and Development
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ESI+ Models (Downsampled Majority Class)

1.00 A

0.75 1

Performance
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0.00 1

Fivefold CV Test Training Y-Randomization

B Balanced Accuracy B Sensitivity Specificity

14 Office of Research and Development
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ESI+ Models (Downsampled Majority Class)

PRESENT A

Experimental Result

ABSENT

0.00 0.25 0.50 0.75 1.00

Probability of Detection by Model
m Office of Research and Development
Center for Computational Toxicology and Exposure
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ESI+ Models (Downsampled Majority Class)

IC2
MLFER_BH
IC3
SM1_Dzi o
IC1 o
MLFER_S 2

MIC2 2
SpMax3_Bhs
MLFER_E
MIC1
MLFER_L o
TopoPSA o
fragC o
MWC10 o

SPC6 o

SpMAD_Dt o

AATS1v o

GG
CICH
SpMax6_Bhs o
piPC8
CIC4 o
ZMICS o
ATS3s o
MPC10 o

MeanDecreaseGini

16 Office of Research and Development
Center for Computational Toxicology and Exposure
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MILEER S

feeest

pMax3_Bhs
MLFER

1

% R_
TopoPSA
fragC
MWC10
SPC6
SpMAD_Dt
AATS1v
GG

pMax6_Bhs
niPC8

Mechanistic interpretation

ESI+ Models (Downsampled Majority Class)

Information Content

e Connectivity of molecule based on neighbors and
bond order

e Captures structural differences such as isomers,
tautomers, etc.

e Predictive of retention index

Office of Research and Development
Center for Computational Toxicology and Exposure
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ESI+ Models (Downsampled Majority Class)

R _BH
Zi <

MLEER_S @)
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1
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TopoPSA o
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MeanDecreaseGini
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pMax3 Bhs
MLFER

1

% R_
TopoPSA
fragC
MWC10
SPCB
SpMAD_Dt
AATS1v
GGl

pMax6_Bhs
niPC8

ZMICS
ATS3s
MPC10

Mechanistic interpretation

ESI+ Models (Downsampled Majority Class)

Spectral moment weighted ionization potential

Accounts for presence of heteroatoms and multiple
bonds and their influence on ionization

Office of Research and Development
Center for Computational Toxicology and Exposure
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Downsampled model provides excellent predictions for
both amenable and unamenable compounds

*Caveat: reduces sample space of amenable compounds
*May not accurately predict every amenable compound

Preferred model for ranking candidates in a suspect-
screening analysis

Office of Research and Development
Center for Computational Toxicology and Exposure



< EPA
Ve ... Model performance

Agency

ESI+ Models (Upsampled Minority Class)

1.00 A

0.75 1

Performance
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0.25 1

0.00 1

Fivefold CV Test Training Y-Randomization

B Balanced Accuracy B Sensitivity Specificity

Office of Research and Development
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ESI+ Models (Upsampled Minority Class)

PRESENT A

Experimental Result

ABSENT - ﬂ

0.00 0.25 0.50 0.75 1.00

Probability of Detection by Model
m Office of Research and Development
Center for Computational Toxicology and Exposure
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ESI+ Models (Upsampled Minority Class)

IC3
MLFER_BH
IC2

IC1 ©
MLFER_E o

MLFER_S o
SM1_Dazi o
MIC2 o
nN o
SpMax3_Bhs e

MICA o

MLFER_L o
SpMAD_Dt o
TopoPSA o
nHeteroRing o

CIC5 o

CIC4 o

piPC8 o

AATSI o

ZMICS <
SpMax6_Bhs o

GGH4 o

ATS4m o

AlLogP o

fragC e

MeanDecreaseGini

Office of Research and Development
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e e IVIECHANISTIC interpretation

ESI+ Models (Upsampled Minority Class)

Cles D

MLFER BH

&

MLFER_E
MLFER_S

M1 Dzi
n a

MLFER_L

SpMAD_Dt

TopoPSA
HeteroRing

Caics )
8

pIF

AATSAI
SpMax6_Bhs
GG
ATS4m
AlLogP
fragC

3

Information Content

e Connectivity of molecule based on neighbors and

bond order

e Captures structural differences such as isomers,

tautomers, etc.
* Predictive of retention index

Office of Research and Development
Center for Computational Toxicology and Exposure
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ESI+ Models (Upsampled Minority Class)

Clos D
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o= o
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pMax3 Bhs

Mechanistic interpretation

ESI+ Models (Upsampled Minority Class)

MLFER BH

MLFER_E
MIEER_S
Dzi

n

MLFER_L
SpMAD_Dt

SpMax6_Bhs
GGl4
ATS4m
AlLogP

fragC

Spectral moment weighted by ionization potential
e Accounts for presence of heteroatoms and
multiple bonds and their influence on ionization

Office of Research and Development
Center for Computational Toxicology and Exposure
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Upsampled model provides excellent predictions for
amenable compounds

*Much larger sample space than downsampled model

*\Weak predictive power for unamenable compounds
*Too optimistic for suspect-screening

Preferred model for establishing which chemicals may be
amenable to method

*establishing a list of chemical standards
O ottt ovemtogyand Exposir
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ESI- Models (No Subsampling Applied)
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Imbalanced training sets lead to bad models!
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ESI- Models (Downsampled Majority Class)
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Fivefold CV Test Training Y-Randomization
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ESI- Models (Downsampled Majority Class)

PRESENT A

Experimental Result

ABSENT

0.00 0.25 0.50 0.75 1.00

Probability of Detection by Model
m Office of Research and Development
Center for Computational Toxicology and Exposure
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ESI- Models (Downsampled Majority Class)

SpMax5_Bhs
ATSC1c
SpMax4_Bhs
SpMax6_Bhs o
SM1_Dzp o
SpMax3_Bhs @
ATS3s ©
ATS2s o

IC3 o

MDEO.11 o

SHBInt7
maxHBint7 o
IC2 o
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SHBd o
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SHsCH e

hmax =

minHBint7 o
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SpAD_Dt o

MeanDecreaseGini
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Mechanistic interpretation

ESI- Models (Downsampled Majority Class)

SpMax5_Bhs
C1

SpMax6_Bhs
SMI_Tizp *
ATS3s
ATS2s o
IC3 o
MDEO.11 o
SHBInt7
maxHBint7 o
IC2
ATSC1s o
maxHBintE o
SHBd o
ATSCOe o

SHsCH e

hmax =

minHBint7 o

minHBInt6 o

nHBINtE o

SHBInt6
maxHBd <
SpAD_Dt o

e Captures electronic and topological information
using intrinsic state of molecule
Predictive of retention index 0

MeanDecreaseGini

Office of Research and Development
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Mechanistic interpretation

ESI- Models (Downsampled Majority Class)

Autocorrelation of topological distance
weighted by atomic properties °
e ¢ ->atomic charge o’
* s->intrinsic state @
e e ->Sanderson electronegativity @
MDEO. 11 o
SHBint7
maxHBint7 o
®
maxHBint& o
Sill o
.
-'- s]
hmax o
minHBint7 ©
minHBint& ©
nHBIntE o
SHBInt6
maxHBd o
SpAD Dt o
I l l l
0 1 2 3

MeanDecreaseGini

Office of Research and Development
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Mechanistic interpretation

ESI- Models (Downsampled Majority Class)

Spectral moment weighted by polarizability
e Accounts for presence of heteroatoms and multiple
bonds and their influence on polarizability

MDEO.11 o
SHBInt7
maxHBint7 o

maxHBint& o

SHBd o

:
TSOR o

hmax =

minHBint7 o

minHBint6 o

nHBInt6 o

SHBInt6

maxHBd <
SpAD_Dt o

MeanDecreaseGini

Office of Research and Development
Center for Computational Toxicology and Exposure
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Downsampled model provides excellent predictions for
both amenable and unamenable compounds

*Caveat: reduces sample space of amenable compounds
*May not accurately predict every amenable compound

Preferred model for ranking candidates in a suspect-
screening analysis

Office of Research and Development
Center for Computational Toxicology and Exposure
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ESI- Models (Upsampled Minority Class)

1.00 A

0.75 1

Performance
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Fivefold CV Test Training Y-Randomization

B Balanced Accuracy B Sensitivity Specificity
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ESI- Models (Upsampled Minority Class)
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Probability of Detection by Model
m Office of Research and Development
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ESI- Models (Upsampled Minority Class)

SpMax4_Bhs
ATSC1c
ATSC1s
SpMax5_Bhs
SpMax6_Bhs
SpMax3_Bhs
SM1_Dzp
maxHBint7
IC3
maxHsOH
SHsCH
SHBInt7
MLFER_A
MDEO.11
maxHBd

IC2

SHBd
ATSC1e
TopoPSA
minsOH
nHBDon_Lipinski
maxHBint6
ATS2s
minHsOH
maxHBint2

Office of Research and Development
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SM1_Dzp
maxHBint7
IC3
maxHsOH
SHsCH
SHBInt7
MLFER_A
MDEO.11
maxHBd
IC2

SHBd
ATSC1e
TopoPSA
minsOH

Mechanistic interpretation

ESI- Models (Upsampled Minority Class)

e Captures electronic and topological information
using intrinsic state of molecule
e Predictive of retention index

nHBDon_Lipinski 2

maxHBint6
ATS2s
minHsOH
maxHBint2

MeanDecreaseGini
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SM1_Dzp
maxHBint7
IC3
maxHsOH
SHsCH
SHBInt7
MLFER_A
MDEO.11
maxHBd
IC2

HBd
Topo!SA

minsCOH

Mechanistic interpretation

ESI- Models (Upsampled Minority Class)

Autocorrelation of topological distance
weighted by atomic properties

e ¢ ->atomic charge

* s->intrinsic state o
e ->Sanderson electronegativity

nHBDon_Lipinski 2

maxHBint6

minHsOH
maxHBint2

MeanDecreaseGini
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maxHBint7
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SHsCH
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MDEO.11
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IC2
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Topo! SA
minsCOH

nHBDon_Lipinski
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maxHBint2

Mechanistic interpretation

ESI- Models (Upsampled Minority Class)

Spectral moment weighted by polarizability
* Accounts for presence of heteroatoms and multiple

O
bonds and their influence on polarizability @
O
O
o]
(o}
o}
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O
o}
o}
o}
Lo}
O
O
o
o]
o
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o
I I I I I
0 10 20 30 40

MeanDecreaseGini
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Upsampled model provides excellent predictions for
amenable compounds

*Much larger sample space than downsampled model

*\Weak predictive power for unamenable compounds
*Too optimistic for suspect-screening

Preferred model for establishing which chemicals may be
amenable to method

*establishing a list of chemical standards
RN e Tomeoon and Exposur
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 Currently wrapping up manuscript
« Comparison of model results to Analytical QC data for ToxCast library

* Good examples — no signal in LCMS ESI+, ESI- or in GCMS BUT present and high
purity by NMR

« Compare model results to ENTACT results
* Model predictions vs. independent labs, consensus of labs
 Future plans
* Ensemble of upsampled and downsampled models?
* Predictions for entirety DSSTox
* Application for on-the-fly predictions based on a drawn structure

Office of Research and Development
Center for Computational Toxicology and Exposure
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CompTox Chemicals Dashboard mockup - Predictions

81

Predictions

00

o Z 0O I
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Select properties to predict

Teaicolagicsl properties
b haur fathead mannsw LCSO
B 45 hour . ragra LE50
48 bowr T, pyridoeenis 1IGC50
Oral rat LDED
Bioconcentration factor
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Arnies muthgeradty
Estrogen Receptar REA
Estrogen Receptar Binding
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Marrmal badirg pant
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Flagh peant
Vepor presure
Doerenity
B surface tension
Thermal canductnity
Viscosity
Water solubdty
LCMS Predictions
ESl+ mode
ESl- mode

Office of Research and Development
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Suspect-screening appllcatlon

e List of ENTACT compounds identified in
ESI+ & ESI- LCMS

—214 in ESI+

401

—105 in ESI-

Count

e Retrieved candidates for each

molecular formula via Dashboard

N IIIIIII.II- ol . . . B
—13,325 candidates for ESI+
—7,079 candidates for ESI-

20

30
Rank by ESI+ Downsampled Model Prediction

40 50

« Generated amenability predictions for
candidate structures

151

Count

« Rank ordered candidates by amenability
probability

5 -
m Office of Research and Development

oA IIII.III II...I HE N II [ | [ | I.
Center for Computational T 0 10

[ |
30
Rank by ESI- Downsampled Model Prediction

xicology and Exposur
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