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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



National Center for
Computational Toxicology

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 Matrix

Odds Ratio 
Fischer’s Exact pval
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Enrichment_Table_Generator()
sudo rm / –rf | shopt –s lastpipe; set 
–o pipefail; ((())|[()(]|[)||(())|]()([|])
01100010 01101111 01101111 
01100010 01110011 0001010

Generate Fingerprints
Tox21 Assays

MySQL DB

Calculate Enrichment Statistics

Import Data into Data Base

Assay Hitcall Matrix

The complete set of 
enrichment statistics can then 
be added to the database:

For each assay we can see if any 
chemotypes are significantly 
contributing to assay hits

Also, if the lack of a 
chemotype is 
significant

Toxprint Information
Confusion 
Matrix
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Enrichment_Table_Generator()
sudo rm / –rf | shopt –s lastpipe; set 
–o pipefail; ((())|[()(]|[)||(())|]()([|])
01100010 01101111 01101111 
01100010 01110011 0001010

Generate Fingerprints

MySQL DB

Calculate Enrichment Statistics

Import Data into Data Base

Assay Hitcall Matrix

ToxCast & Tox21 
Assays

Odds Ratio 
Fischer’s Exact pval
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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 Matrix

- very simple to use and understand
- can all be piped together 
cat DTXSID.tsv | SIDtoCID -noerror| SQL_toxprint_generator -d 0
- all have flag options:

--help : info page
-i : input file path
-o : output file
-f: specify the type of fingerprint
-d: duplicate handling
-noerror: error messages
-add optional output tables, etc.

- can be used in bash scripts & with other tools on the command line
- More efficient to program vs a GUI



National Center for
Computational Toxicology

Enrichment_Table_Generator()
sudo rm / –rf | shopt –s lastpipe; set 
–o pipefail; ((())|[()(]|[)||(())|]()([|])
01100010 01101111 01101111 
01100010 01110011 0001010

Generate Fingerprints

ToxCast & Tox21 
Assays

MySQL DB

Calculate Enrichment Statistics

Import Data into Data Base

Assay Hitcall Matrix
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Toxcast Assays

MySQL DB

 update_qsar_datasets:
Checks for any updates/changes to the ToxCast assay 
data or hit calls. Creates a new dataset if changes have 
occurred

 datatable2mysql:
Imports a unique dataset into the database. If a 
collaborator wants to use our tools, their unique 
chemicals and hitcalls can be automatically imported 
into our database

SIDtoCID:
Correctly formats chemical IDs to conform to the 
database style. Converts STDin or .tsv table columns 
containing DTXSIDs into the same table with DTXCIDs. 
Error message for SIDs with no CID
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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 Matrix

Odds Ratio 
Fischer’s Exact pval
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Generate Fingerprints

 Toxprint_Generator:
Checks the database for any new chemicals, 
generates it’s toxprint fingerprint, and adds it to the 
database

 fillFP:
Fills any datatable containing a DTXCIDs column with 
it’s corresponding Toxprint columns. Can be used 
with any fingerprints we have stored (currently: 
PubChem, Maccs, Toxprints)

MySQL DB
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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 Matrix

Odds Ratio 
Fischer’s Exact pval
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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 Matrix

 enrich_MySQL_datasets:
Checks each unique dataset for a corresponding 
enrichment table in the database. If one does not exist it is 
created

 enrichment_table_generator:
This a standalone tool that can create enrichment tables out 
of any table containing rows for a Chemical ID, hitcalls, and 
fingerprint columns. This tool does not require the database

fp_combo_gen:
Another recently coded standalone tool that can create 
enrichment tables out of significant fingerprint feature 
combinations (Inverse also)
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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 Matrix

Odds Ratio 
Fischer’s Exact pval
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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

Calculate Enrichment Statistics

Import Data into Data Base

Assay Hitcall Matrix

MySQL DB

Query Results & Integration into the EPA Chemistry DashboardQuery Results & Integration into the EPA Chemistry Dashboard



National Center for
Computational Toxicology 18



Query Results & Integration into the EPA Comptox Chemistry Dashboard

ToxPrint fingerprints have been computed for all 760k compounds in DSSTox
and are available for download in the EPA Comptox Chemistry Dashboard
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Enrichments

EnrichmentsEnrichments

Chemotype

descriptors_label Txp-338 Assay Name Balanced Accuracy

MOCK UP
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chain:oxy-alkaneLinear_ethyleneOxide_EO6

Enrichments Compounds Assays Info

Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv
Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv
Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv
Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv

First, get the installation plan for the printer signed off by the IT department, they need to confirm that the hardware and specifications are compatible with the rest of the system.

Create a plan for installing the printer and identify the potential risks and instruments used and have the plan signed off by the person in charge of health and safety for that work area. Pay particular attention to the weight, bulk and center of gravity of the printer for the install, routing of the cables so they are not a 
trip hazard, and run in accordance with category 5 ethernet cabling standards and mains electricity safety standards. Also plan for, and have the electrical safety team sign to confirm, the earth-leakage tests on the equipment and the suitability of the cable and mains supply for the power requirements and 
expected duty-cycle of the printer. Note that certain printers include heaters and the vents must be accounted for.

Your plan must also include details of the people involved in the installation and the skills required of them, as the activities undertaken by employees are monitored by the Investors In People certification department in conjunction with the campaign for appropriate job titles.

A document must be created to assess the expected ramifications of the installation and how the use of the printer will fit into existing office procedures, with citings from relevant procedure documentation and updates to said documentation all in accordance with ISO 9000 business quality assurance.

A business continuity plan should be drawn up detailing the expected availability of support, warranty, drivers, replacement parts, supplies and compatible paper, where each of these items can be sourced from and what the average delay of obtaining said items is so that in the event of an emergency information 
will be available so that business may continue as smoothly as possible.

Union approval must be sought where the the procedure(s) affected by the printer involve employees of the company.

Submit forms when completed.

Read the networking documentation describing the assignment of internal IP addresses on the LAN, and submit a request for an available IP address along with updated documentation. Check with the DHCP lease assignments that such a request isn't already in use, and reserve a space in the DHCP scope. 
Update the DHCP Server action log to reflect the changes.

Check the connectivity of the RJ45 ethernet socket in the intended destination, and acquire a category-5 patch lead in accordance with the colour scheme of the patch panel. Patch the socket and update the patch panel documentation.

With the electron flow in the supply circuits suppressed by the application of an air-gap, connect the 8 wire twisted pair endpoint to the command decoding circuitry of the networked device. Cease the application of the air-gap and allow the devices' internal testing to run completely. Navigate through the presented 
operations and ensure the static internet protocol location identifier is not the selected option.

Dispose of the packaging in an environmentally sound fashion, and file the packaged software and instruction booklets

Information

Descriptor Name: Txp-500

descriptors_label

MOCK UP

Chain:aromaticAlkane_Ph-C1-Ph

Significance Threshold:
Odds Ratio ≥ 3
Fischer’s Exact pval ≤ 0.05



National Center for
Computational Toxicology

ASSAY: LTEA_HepaRG_FAS_up

Compounds Assays Info

Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv
Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv
Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv
Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv Blablablablablablablabblablablablablablablavv

Information

Inducible Reporter | mRNA induction

Enrichments
descriptors_label

MOCK UP
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Generate Enrichment Table

Select Input Format

Upload as…

Bin Endpoint

Set Threshold

No
Yes

Example Input

MOCK UP
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Promiscuous Chemotypes
Top 9 Chemotypes Most Frequently seen in assay hits

Chain:aromaticAlkane_Ph-C1-Ph Chain:aromaticAlkane_Ar-C-Ar

Chain:aromaticAlkene_Ph-C2Chain:alkaneLinear_tetradecyl_C14Bond:C(=O)N_carbamate_dithio

Bond:quatN_alkyl_acyclic Bond:N=C=O_isocyanate_thio Bond:CX_halide_alkenyl-X_dihalo_(1_2-)

Percent Total Assays

Bond:metal_group_III_other_SN_generic

Sn

*

bond:metal_group_III_other_Sn_generic

bond:metal_group_III_other_Sn_organo

atom:element_metal_poor_metal

chain:aromaticAlkane_Ph-C1-Ph

bond:metal_group_III_other_generic

chain: aromaticAlkane_Ar-C-Ar

bond:metal_group_III_other_Sn_oxy

bond:metal_group_III_other_generic_oxy

chain:aromaticAlkene_Ph-

C2_acyclic_generic

bond:metal_group_III_other_Sn_halide

bond:quatN_alkyl_acyclic

bond:N=C=O_isocyanate_thio

bond:CX_halide_alkenyl-X_dihalo(1_2-)

atom:element_metal_transition_metal

bond:C(=O)N_carbamate_dithio

chain:alkaneLinear_tetradecyl_C14

chain:aromaticAlkene_Ph-C2

bond:CX_halide_alkyl-

X_bicyclo(2_2_1)heptane

bond:metal_transition_Hg_organo

bond:metal_transition_Hg_generic

25
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Inverse Promiscuity
Top 10 Chemotypes Most Infrequently seen in assay hits

Bond:C(=O)O_carboxylicAcid_aromatic Bond:COH_alcohol_pri-alkyl Bond:CC(=O)C_ketone_methyl_aliphatic Chain:oxy-
alkaneLinear_ethyleneOxide_EO1

Chain:oxy-
alkaneLinear_ethyleneOxide_EO2

Ring:hetero_[6]_N_triazine_(1_3_5-)

Ring:hetero_[6]_Z_1_3_5- Ring:hetero_[6]_N_triazine_genericBond:COH_alcohol_diol_(1_2-) Bond:C(=O)O_carboxylicEster_aliphatic

Percent Total Assays

ring:hetero_[6]_N_triazine_(1_3_5-)

bond:C(=O)O_carboxylicAcid_aromatic

bond:COH_alcohol_pri-alkyl

bond:CC(=O)C_ketone_methyl_aliphatic

chain:oxy-alkaneLinear_ethyleneOxide_E01

chain: oxy-alkaneLinear_ethyleneOxide_E02

bond:COH_alcohol_diol_(1_2-)

ring:hetero_[6]_Z_1_3_5-

bond:C(=O)O_carboxylicEster_aliphatic

ring:hetero_[6]_N_triazine_generic

ring:hetero_[4]_N_beta_lactam

bond:metal_metalloid_Si_oxy

bond:metal_metalloid_alkylSiloxane

bond:metal_metalloid_Si_generic

bond:metal_metalloid_Si_organo

ring:hetero_[6]_N_pyrimidine_2_4_dione

ring:hetero_[4]_N_azetidine

bond:metal_metalloid_oxy

bond:P~S_generic

bond:C(=O)O_carboxylicEster_acyclic

14
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Assay Space Overview



National Center for
Computational Toxicology

Concluding Remarks
• A general workflow for Chemotype-Enrichments has been successfully 

programmed
• The approach is completely general and can be applied to any binary 

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

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

• A suite of command-line tools were developed that could be publicly 
shared

• The Chemotype-Enrichment workflow shows great promise for 
elucidating chemical signals across the assay space and supporting 
Comptox research
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QUESTIONS?
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