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Complex samples, NTA, and the modeling problem
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See https://doi.org/10.1021/acs.est.1c01907 for more on rubber ducky analysis.

???

Media Sample Extraction, Cleanup & 
Sample Preparation

MS Analysis
MS Data

https://doi.org/10.1021/acs.est.1c01907
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Curating a dataset for modeling

• 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
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Curating a dataset for modeling

• Only amenable compounds identified in MoNA
• No unamenable compound data

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

• Provides unamenable compound data

• ESI+ LC-MS/MS
• 393 amenable; 456 unamenable

• ESI- LC-MS/MS
• 456 amenable; 402 unamenable
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Overall dataset
• ESI+ LC-MS/MS

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

• 3,130 amenable; 360 unamenable
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Curating a dataset for modeling
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Describing molecular structures

• 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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Cleaning and reduction of descriptor space

• Dimension reduction will do two things:
• 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)

• 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
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Machine learning approach

10

Performance Metrics
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Machine learning approach

Random Forest Algorithm
Training set X = x1x2…xn with responses 
Y = y1y2…yn

For number of trees, b = 1,…,B
1. Sample, with replacement, n training 

examples from X, Y; Xb, Yb.
2. Train a classification tree fb on Xb, Yb.
3. The majority of all fb classifies unseen 

endpoints.
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Model performance
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Model performance
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Model performance
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Mechanistic Interpretation
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External Validation

• 1,768 chemical compounds analyzed 
for LC-MS amenability as part of 
ToxCast program
– All compounds exclusive of 

modeling dataset
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Model Applicability to ToxCast

Comparison of prevalent ToxPrint chemotypes in 
amenability dataset against the ToxCast dataset17
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Model Comparison with Expert Intuition

• A small molecule containing a carboxylic acid functional group should be amenable to 
ESI- LC-MS

• 773 compounds contained the ToxPrint “bond:C(=O)O_carboxylicAcid_generic” in 
amenability dataset
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Suspect-screening application

• List of ENTACT compounds identified in 
ESI+ & ESI- LC-MS
–228 in ESI+ 
–108 in ESI-

• Retrieved candidates for each 
molecular formula via Dashboard
–13,325 candidates for ESI+
–7,079 candidates for ESI-

• Generated amenability predictions for 
candidate structures

• Rank ordered candidates by amenability 
probability
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Current & future work

• 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
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