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Chemotyper / Toxprints
https://www.mn-am.com/products/chemotyper
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Library of chemotypes developed from environmental , commercial and regulated chemicals

TOXICITY DATA & RISK ASSESSMENT:
US FDA Drugs@FDA, US FDA PAFA, National Toxicology Program, National Library 
of MedicineTox-Net—CCRIS, ToxNet—IRIS, ToxNet—GeneTox, ToxNet—DART, 
TERIS, US EPA ECOTOX, US FDA EDKB, Carcinogenicity Potential Database, US 
EPA’s DSS Tox, AcTOR and ToxRefDB, ISS CAN, EU REACH Substances Registration 
Database, EU Scientific Committee of Consumer Safety

CHEMICAL INVENTORIES:
US EPA TSCA Chemical Substance Inventory, US EPA Pesticide Inert list, Pesticide 
PAN, Tox 21 inventory, Canadian Domestic Substance List, EU COSING database

CHEMICAL STRUCTURES:
ChemID Plus, ChemSpider, DSSTox, and US FDA CFSAN CERES
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1555 
assay endpoints

>8000 
unique 

compounds

1555
Assay Endpoints

>8000
Unique 

Compounds
pesticides, industrial, 
food-use, drugs, etc.

Cell viability, Apoptosis, 
Membrane integrity, 

Mitochondrial toxicity, DNA 
damage, Cytokine, Nuclear 
receptor, Toxicity pathway, 

hERG channel, etc.

https://comptox.epa.gov/dashboard
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How can we bridge these gaps?
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Enrichment_Table_Generator()
sudo rm / –rf | shopt –s lastpipe; set 
–o pipefail; ((())|[()(]|[)||(())|]()([|])
01100010 01101111 01101111 
01100010 01110011 0001010

Generate Fingerprints
ToxCast Assays

MySQL DB

Calculate Enrichment Statistics

Import Data into Data Base
Assay Hitcall Table

Odds Ratio 
Fischer’s Exact pval

Hitcall
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Burst region
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Frequency of Burst and Baseline Significant Chemotypes
Baseline
Burst
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Enriched Chemotypes Baseline vs Burst Overview
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Frequency of Burst and Baseline Significant Chemotypes
Baseline
Burst
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Enriched Chemotypes Burst vs Baseline Overview
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Cytotoxicity Chemotypes Overview

Other
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Cytotoxicity Chemotypes Overview

Other

Cytotoxicity (42) 3.7%
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Cytotoxicity Chemotypes Overview

Other
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Cytotoxicity Chemotypes Overview

Other
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Cytotoxicity Chemotypes Overview

Other
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Cytotoxicity Chemotypes Overview

Other
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Cytotoxicity Chemotypes Overview

Other
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Cytotoxicity Chemotypes Overview
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Bisphenyl Scaffold Chemotypes Overview

 PCBs
 Organochlorines
 Cytotoxic
 Xenoestrogens
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Metal/Tin Chemotypes Overview

 Fungicides
 Stablizers in plastics
 Moluscicides
 Miticides
 Acute toxicity
 Thymolytic
 Immunotoxic
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Quaternary N Acyclic Chemotypes Overview

 Surfactants
 Pharmaceuticals 

(primarily trimethyl)
 Environmental Pollutants 

(wastewater/sewage)
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Cell-Based vs Biochemical Assays

Total Assay Count: Assay Format Type
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Cell-Based Assay Chemotypes

Burst top 20

Baseline top 20
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Biochemical Assay Chemotypes

Burst top 20

Baseline top 20
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Frequency of Burst and Baseline Significant Chemotypes
Baseline
Burst
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Enriched Chemotypes Baseline vs Burst Overview
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Two CLIs have been created in order to look at combinations of Toxprints

Looks at all pairwise combinations  $ Toxprint_Combination_Generator

$ Special_Toxprints -f Generates Fingerprints for specific 
combinations of Toxprints

While these methods work well and have their uses, there is a better way
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Why use XGBoost?
• Allows for highly imbalanced datasets (like 

many of ours)
• Regression and Classification Model
• Reproducible (Can reproduce Models from a 

random seed)
• Understandable ( Can visualize the full 

decision tree)
• High Performance ( XGBoost wins many 

Kaggle competitions)
• Warm-Start
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Concluding Remarks
• Chemotype-Enrichment workflow useful for evaluating 

biological activity thresholds on a chemical level
• CTEW used to evaluate QSAR models and assist with 

examining combinations of fingerprints/features
• Approach completely general, can be applied to any binary 

“activity” dataset (e.g., in vivo or in vitro bioassays, functional 
use categories, etc)

• Elements of workflow are being integrated into the publicly 
available USEPA Comptox Chemicals Dashboard

• CTEW shows great promise for elucidating chemical signals 
across assay space and supporting Comptox research
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https://comptox.epa.gov/dashboard/dsstoxdb/batch_search

- Go to the dashboard’s 
batch search

- Enter your chemical IDs
- Select output format (TSV)

- Scroll down and under 
Enhanced Data Sheets, 
select either Toxprints
Single Fingerprints or 
ToxPrint fingerprints 
ChemoTyper formatThanks to Molecular Networks for providing Toxprint Generation Code and Images!
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QUESTIONS?
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Cell-Based vs Biochemical Assay Chemotypes
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Intended Target Family

Other

Steroid Hormone (20) 1.8%
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Intended Target Family Nuclear Receptor

Burst top 20

Baseline top 20
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Intended Target Family Steroid Hormone

Burst top 20

Baseline top 20
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- Parameter tuning is typically done with grid-search 
(exhaustive)

- Instead we can use previous parameters as priors using 
bayesian inference

- Greatly reduce computation time
- Improved performance
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Accuracy: 0.733
Performance of Test: 0.658

Cytotoxicity Assay: BSK_BE3C_SRB_down 
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Cytotoxicity Assay: TOX21_GR_BLA_Antagonist_viability

Accuracy: 0.909
Performance of Test: 0.718
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NIS Activation Assay 
Exploring activity within CT domain

? (halogen) = F, Cl, I 

HC1-POS HC1-POS

HC1-POS

HC1-POS

HC1-POS

HC1-POSHC1-POS

HC1-POS

HC1-POS
HC2-POS HC2-POSHC2-POS

HC2-POS

HC2-POS

 What distinguishes inactives in CT-subspace? 
 What distinguishes the multiscreen Hit2 actives (HC2) from the single 

screen Hit1 (HC1) actives?
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