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EPA’'s National Center for

Computational Toxicology (NC

e ToxCast (EPA) & Tox21 (Multi-Agency)

» screening >3800 (ToxCast) to >10K (Tox21) environmentally
relevant chemicals across 10’s to 100’s of HTS assays

 ACTOR, ExpoCast, CPCat, ToxRef DB

» meshed CAS lists, product-use database, exposure models,
guideling animal toxicity study reference DB

e Public- faQing web-dashboards (ToxCast, E::DSP )

> faC|I|tat access to & utility of EPA data
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Current NCCT activities

e Building a new cheminformatics architecture and public-
facing chemical dashboard

* Aiming to be the host for curated chemistry across EPA

 Integrating NCCT and agency resources —both internal
and external

« Designing tools and “services” to underpin other EPA

research efforts

— Predictive modeling
— Read-across
— Non-targeted screening (linking to analytical data)



Why build yet another public chemistry
database and web-interface?



Improve chemistry linkages across

EPA Resources

« NCCT ToxCast / EDSP Dashboards

« NCCT ACToR, ExpoCast, CPCat

 EPA Chemical Safety & Sustainablility (CSS) research
 EPA Substance Registry System (SRS)

 EPA Integrated Risk Information System (IRIS)

o EPA Office of Pesticides (Inerts, Active Ingredients)
 EPA Endocrine Disruption Screening Program (EDSP)
o EPA Office of Water’s Chemical Contaminants List

» EPA Office of Pollution Prevention & Toxics ChemView
« EPA EcoTox, WebICE, etc.

Lots of CAS-name lists !!



Using Chemistry to improve linkages
across EPA Resources

1
Er#gqnu:;l Fpatection
e

P @ slER

\‘1} Integrated Risk Informati- X & Y
&« C A @& https//www.epa.gov/iris & @ =
Yahoo Mail JB Google Calendar ™ Gmail Inbox [ Google Contacts g Dropbox H] Evernote » [] Other bookmarks

| sz gl | GRIT: MR | Tieng Viet

M EPA Espaniol I
b A
\’ United States Emironmental Protection Agency — a :

Learn the Issues Science & Technology Laws & Regulations About EPA

Integrated Risk Information System Contact Us  Share

el = o o E— = -
RDX Public Comment Draft Toxicological Review Staying Connected
Released in Advance of Public Science Meeting . 1 = How IRIS connects with you

+» How you can connect with

Exact name/CAS . /@) Getemai alerts
match only Sl -
EPA’'s mission is to protect human health and the Search IRIS
environment. EPA’s IRIS Program supports this mission B Chissisiat, CASRNL on Keyae]
by identifying and characterizing the health hazards of S e I —

chemicals found in the environment. Each IRIS
assessment can cover a chemical, a group of related
chemicals, or a complex mixture. &




Using Chemistry to improve linkages -
across EPA Resources i
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Using Chemistry to improve linkages -
across EPA Resources i
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Providing Quality Substance ldentification Information

Substance Registry Services (SRS) is the Environmental Protection Agency's (EPA) central system for
information about substancas that are tracked or regulated by EPA or other sources. It is the
authoritative resource for basic information about chemicals, biological organisms, and other substances
of interest to EPA and its state and tribal partners.

The SRS makes it possible to identify which EPA data systems, environmental statutes, or other sources
have information about a substance and which synonym is used by that system or statute. It becomes
possible therefore to map substance data across EPA programs regardless of synonym.

The system provides a common basis for identification of, and information about:

= Chemicals




Using Chemistry to improve linkages o
across EPA Resources
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EPA ACToR — CAS List Meshing wERA
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Why build yet another public chemistry
database and web-interface?

> Focus on environmental chemicals
» Focus on data quality

» Better support EPA research & chemical
regulatory programs



DSSTox Update

DSSTox vl —) DSSTox v2
NHEDR e s Pracsns i » Convert DSSTox tables to MySQL
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relevance. More
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How did we go from 25K to 735K
chemicals while addressing EPA’s
needs & quality concerns?



Building DSSTox_v2 oHA,

Environmental/Toxicity/EXx

EPA  pubChem

emlD
No conflicts _( ACTOR (
allowed - 1:1:1 CAS:name:Structure

KEPA-
relevant
lists
\\//

. ~5K
~54K ~21K

Levels:

Public_Untrusted Public_Low _ Public_High DSSTox_High
(not loaded) Public_Med DSSTox_Low

>1M

~ 735K ~150K



Why the concerns for data quality?



Chemical errors associated with BEPA
toxicity information (ACS, 2009 R
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ToxCast chemical x assay counts Y
summary (Jan 2016)
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Tox Data & Use List Coverage of

ToxCast Chemicals

Phaselll
Phasell I
— +ph2>, relkd,

15

('.‘h emical List
q
(]

Fre
[}

oef 2okt .  High frequency of ToxCast

5& ragrance I . . . .

U 25Porsond o |1| \”‘ ‘ ﬁ‘ ” chemicals across multiple toxicity
serroncas| | |1 i data & usage lists (x CAS)

ACTORFDA EAFUS -| (I 1n||| -| B - — g

o risTe [ | T T '
mm'mmhw, qu| h' i | ’

I|| T ]IIHIII |]|I|
ILILI ” l !IIII

UseDB_2%:Pesicide
I--IIII’IIIIIII[II 0000 III

Wit |
mw M lFﬂIIIIIIIIF ’mm ||,uun||| I w !muu
o i

UseDB_17:Consumer Use| |||| H ”|“ [I.“I] ) ; | '[|, | '

ACToR:NHANES 2001-2 1V
Us2DB_16:Indusinal
DSSTox_HPVCEI
D3STox_MNTPBSI
DESTox_CPDBAS
D5STox_TOXREF

DSSTox_FDAMDD+ dnna‘.edpharma |
300'0 3500 4000

ACToR:EPA_IUR_2002,2005
ToxCast Chemlcals (sorted I:w Testlng F‘hase and inventory)




ToxCast Chemical Library:

Q u al Ity C O ntro I Ste p S s M RS

Modeling
Representations

Physical

Generic
Substances

Samples

What's in the bottle?

Structure-derived chemical descriptors, fragments & fingerprints for use in modeling

Computational processing

QSAR-ready Desalting, tautomer & functional group normalization,
Structures Optional: de-duplicate, de-stereo, remove metal-containing compounds

InChl Key checks: includes salt/hydrate form, stereo,

stoichiometric complexes
41:1 CASRN-name-structure -———-————-———————————————————————

Unique Structures

Unique CASRN-name DSSTox QC levels 1&2 (highest quality manual curation)

DSSTox chemical curation & registration

Sk Seluiers Analyt/.cal chem!stry QC: .
ID, purity, stability, concentration
Supplier/Lot Bottles COA/MSDS supplier documentation review
[ [ [ [ I [ I [
0 2000 4000 6000 8000 10,000 12,000 14,000 16,000

Numbers of Samples/Substances/Representations



ToxCast Chemical Library: -

i

Quality Control Steps -

Modeling
Representations

Physical

Generic
Substances

Samples

Wh at’s ' o 5% missing CAS or name, 1% missing both
(structure only)

Structure-derived chemical descriptors, frag o Incidence/type of CAS-name conflicts from

. . suppliers similar to that found in public lists
Computational processir

QSARready | * 22% of supplier-provided structures
SRS Crstterels 6l conflicted with final DSSTox structure

““““““““ assignment after COA & curation review

____________ v’ 11% salt/hydrate discrepancies
Unique Structures

0 . .
N .1casR n v’ 8% stereo/geometric isomer differences
Unique CASRN-name - v 3% neither, suggest gross errors

l DSSTox chemical curation & registration l

Sk Seluiers Ana/yt/.ca/ cher.n./stry QC: .
ID, purity, stability, concentration
Supplier/Lot Bottles COA/MSDS supplier documentation review
[ [ [ [ I [ I [
0 2000 4000 6000 8000 10,000 12,000 14,000 16,000

Numbers of Samples/Substances/Representations



DSSTox v2 CAS-Structure Sources:

QC levels

( NLM ChemID )

(<€D 57y L
g > 2
A R\ Subs_tance Registry ChemIDplus
] ) Services ATOXNET DATABASE
&, q,::““ You are here: EPA Hor » R Home » Sub:
o

~400K records

PubOhem
~900K records

~500K records ~25K records MLSCN HTS
: ToxNet:HSDB, data, large, incl.
EnvironTox focus ‘Curated EPA, FDA ChemiD,
Quality issues, EnvironTox focus Semi-curated ACTOR
public structures Too small Quality, Stereo Quality issues

. 4

w/ChemID

no conflicts
w/PubChem

. sole source, no conflicts

a

sole source,
no conflicts

A




DSSTox v2 CAS-Structure Sources:

QC levels

LN

BSSHiox N

EPA SRS

m'té Substance Registry

il Services

Data, —— CAS; «—— Structure,

Data, —» CAS, «— Structure,

Data3 — CAS3 <« > Structurel CAS names
Structures

Data, —— CAS, «—— Structure,

sole source,
no conflicts

“You are here: EPA Home » SoR Home » Sub:

( NLM ChemID )

%)9‘& Pub©hem

ChemlIDplus

ATOXNET DATABASE

)K records

CA, EPA

latory D

~900K records

~400K records

MLSCN HTS
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ChemlD,
ACToR
Quiality issues
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EPA, FDA
Semi-curated
Quality, Stereo
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DSSTox v2 Construction

Data source load order:

1) DSSTox vl (~22K)
v' 1.1 CAS-structure mappings
v" Assign NOCAS_GSID
v" Related CAS & structure mappings (e.g., NOCAS, mixtures)

2) EPA SRS (~77K)

v’ systematic name = structure conversion
v" internal CAS-structure conflicts (12.5%)
v" ChemlID conflicts (24% of 30K overlaps)

v" DSSTox conflicts (8% of 6200 overlaps) = queue for curation

3) ChemlID (~400K)
v internal CAS-structure conflicts (4.5%)

v' PubChem conflicts (45% of 225K overlaps)|... OUCH!!
v" DSSTox conflicts (11% of 2300 overlaps) = queue for curation

4) Andsoon ...

22



DSSTox _v2 Totals

SRR,

QC Level Totals (12Jun2015)

DSSTox_High ' 4535

pssTox_Low |B 16K _J\> ~ 150K substances in

pusiic_righ [l 33K —j/ top 4 QC quality bins
public_medium | [ 101K
Public_Low R 554K

J Pubiic_untrusted [ ~ 310K pending

~ 150K pending

DSSTox_High:  Hand curated - highest confidence

D5STox_Low: Hand curated and confirmed using multiple public sources

Public_High: Extracted from EPA SRS and confirmed to have no conflicts in ChemID and PubChem
Public_Medium: Extracted from ChemID and confirmed to have no conflicts in PubChem

Public_Low: Extracted from ACToR or PubChem (single source)

Public_Untrusted: Postulated, but found to have conflicts in public sources




e.g., structure mapping collision

ChemlDplus

A TOXNET DATABASE

Substance Name: Hexyne
RN: 26856-30-4

InChlKey: CGHIBGNXEGJPQZ-UHFFFAOYSA-N 1!”

[l Srates
Erecamepts Fratectiog
Aninnr

 Start New Query J | Modify Query.J | Search History J | Show Queryr.J

| Switch to Summary View ]

Molecular Formula e
EC6-H10 HBCM Na+

Molecular Weight

B2.145 Q]

ChemlDplus

A TOXNET DATABASE

Substance Name: 1-Hexyne

BN 693-02-7

InChiKey: CGHIBGNXEGJPQZ-UHFFFAQYSA-N :‘..,;..'J

| start New Query | | Modify Query | | Search History | | Show Query |

Switch to Summary View |
- Go to summary view

Molecular Formula Y
ECB-H10 MCHH;N3+

Molecular Weight

82.145 @
»|

Ze



e.g., list curation problems

. store source CAS-names
Raw file e INUAl MANUAl oy ™ 207 checks mapping

review, clean-up curator registers 32

Functional 17 CAS, no 152 cleaned
Use DB: name list, no
9 invalid CAS duplicates

List of 176 CAs ~ (manualfix)
chemicals 10 duplicate 121 CAS map
L names,
Indicated for different CAS to DSSTox_Vv2
use as
“Flame 23 duplicate 32 CAS not

" CAS, different
Retardants s eie

15% CAS error or no name, 19% conflicts,18% CAS not found,
80% of cleaned list map to existing DSSTox_ Vv2 content



e.g., hon-targeted MS screening

of environmental samples

CAS-Name-Structure “Sphere of Confusion”

Deleted CAS
Invalid CAS

Data,
Data,

Data, « Salt forms
Data, « Complex forms
Datas e Hydrate forms

Approx mappings to mixtures
Approx mappings to ill-
defined substances
Stereoisomers
esolved tautomers

Datag
Data,
Datag
Data,

Monoisotopic Mass

Formula

¥

Parent structure
(no stereo, desalted)

\ ¢

Valid CAS-substance?

DSSTox_v2 Database =

& Cheminformatics Layer

» Resolve CAS-structure mappings for
accurate data mapping

» Collapse sphere to collect all data at
parent structure-formula level




ToxCast Chemical Library:
Quality Control Steps

Modeling
Representations

Generic

Physical

Substances

Samples

rrewmnmnntal Brovachion

What's in the model?

Structure-derived chemical descriptors, fragments & fingerprints for use in modeling

Computational processing

QSAR-ready Desalting, taugomer & functional group normalization,
Structures , remove metal-containing compounds

Structure normalization

“s: includes salt/hydrate form, stereo,

stoichiometric complexes
41:1 CASRN-name-structure ------ = -————————————————————

Unique CASRN-name DSSTox QC leve'- *© 7 S Y S

——————————————————————  Tropsha et al., “Trust but verify”
I DSSTox chemical curation & registr

Unique Structures InChl Key

* QSAR “cleaning” of structures

Stock Solutions for use in modeling
Supplier/Lot Bottles COA/MSDS supplier documentation review
I I I I I I I I
0 2000 4000 6000 8000 10,000 12,000 14,000 16,000

Numbers of Samples/Substances/Representations



KNIME structure-“cleaning” workflow

https://www.knime.org/knime

» Combine community approaches to structure processing
» Develop a flexible workflow to be used by EPA and shared publicly
» Process DSSTox files to create “QSAR-ready” structures

10 Dimseriptar

v' Parse SDF, remove fragments
v Explicit hydrogen removed
... v Dearomatization
= v/ Removal of chirality info, isotopes and
*  pseudo-atoms
- v/ Aromatization + add explicit hydrogen
atoms
v Standardize Nitro groups

] C v Other tautomerize/mesomerization
Publicly available cheminformatics v Neutralize (when possible)
toolkits in KNIME:

Indigo “. Q (I::K 8 I"'-T Slide courtesy of K. Mansouri

e e I|| ||||. | Ilull
i Labiiziin




DSSTox Chemical Registration Tool &

(1 ]

ameptal Fratectiog
s
o= 3 o = - 3 m -
ACToR-DSSTox Chemical Registration
Search/Edit a Add Deleted Browse/Curate Manage Export | Structure
‘Single Record Cas Records Chemical Lists [BEBIsaEs | Search
- . 20
Welcome aricha2 EI | .-_-) o LEI'j DJ @s es ®¢ -1~ E?-‘ @ 0
Matched Name. r“_l
You are editing the P BN
record associated with &
GSID: 20182 y O O
CASRN: 80-05-7 -
I“'Pi HO OH
3
o Substance_ID: DTXSID7020182 Compound_ID: DTXCID30182
* CAS: [80-05-7 | Chemical Shown: |Tested Chemical d
DTXID
o = Name: |B|sphenol A CAS-Compound
Substance - Relationship
CAS LR Type: |S|ngle Compound v | Notes:
or 3 QC Level: [DSSTox High 7| .
. _ source of GAS™  [cry(DSSTOX) 7|
Mame | bisphencl a —p Data Source: |STN(DSSTOX) '| Compound:
[ _search ] < Double Stereo:  |None v |
) Chiral Stereo:
QC Notes: Chemical Form: |Organic v |
Organic Form:
-

¥ Synonyms (73)
» Other Cas (5)

+ More Specific Cas (0)

¢+ Less Specific Cas (0)

Update Record



& -
Yahoo Mail Google Calendar M Gmail Inbox ¥ Google Contacts  $F Dropbox Evernote 3 ChemReg_v0.7.7 EPA TO Tracking Go..

& ChemReg_v0.5.0

x '\ ChemReg v0.80

DSSTox List Curation Tool

]
ameptal Fratectiog
i

C f

[ ag.epa.gov:8502/ChemReg)SF/pickChemicallist jsf

& DSSToxViewer v0.2.1

w =

» (O] Other bookmarks

ACToR-DSSTox Chemical Registration I

Search/Edit a
Single Record

Welcome aricha(2

Editing Listname: RUSYN ORDER
External Check Results

Description

Matched
CASRN.
Matched
NAME.

CASRN
matched other
record.
Matched
MNAME.

Matched
CASRN.
Matched

NAMEZ2STRUCT.

Matched
CASRN.

Matched
CASRN.
NAME2STRUCT
matched other
record.

No Hits

10

Add Deleted Browse/Curate
Cas Records

Recaords

183133-96-2
104

59729-33-8
1 115256-11-6

£54143-56-5
2

161967-81-3
32 84057-84-1

84371-65-3
1

186826-86-8

Source Casrn

Manage
Chemical Lists

(1 of 5)

Source Name

cabazitaxel

citalopram

dofetilide

flecainide
acetate

grepafloxacin

hydrochloride

lamotrigine

mifepristone

moxifloxacin
hydrochloride

Export
DSSTox

Structure
Search

Substance Mapping
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Chemistry Foundation to Support ey
Multiple NCCT & EPA Projects

: NIl Structure “cleaning” QSAR models;
informed features - :
SAR-ready structure files phys-chem properties
& chemotypes Structure-based predictions
DSSTox Similarity _searching
Chemical search by Chemical Fingerprints, feature sets
CAS-names Structures Phys-chem calc & “Chemical
SMILES measured properties S
afety &
DSSTox ) -
Structures — S ) Sustainability”
. IDs i
Structure file EPA SRS (CSS) Public
e (TSCA, EcoTox) Web-
11 Chemical ToxCast/Tox21 accessible
PK/ADME model CAS Naroer T Inventories &  ToxRef Dashboards
inputs & outputs ' ' Data Sources .
Quality scores (DSSTox/ .
CAS look-up ACTOR) ToxCast/Tox21
List curation tools T High-throughput
screening (HTS)

projects
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Building the Chemistry
Sftware Architecture

7

]
ameptal Fratectiog
W

USER INTERFACES

Mon-T, ted
Screening
Ul COMPONENTS
Structure Tile and Table Graphing Data
Visualization Result Views Views Annotation

APIs and WEB SERVICES

Structures, Shls el Experimental Calculated EE'I':“IE"_E“"
Identifiers substructure Properties Properties iz e e
searches [temp], Maodels

DATA LAYER

ACTOR PhysChem
vl and v2 Database

IC55 Chemistry
Dashboard

N

Identifier Sear. h.
Structure Searnc.y

Chemical-Biology Platforms

Frototyping

Data
Collections

External Services



ICSS Chemistry Dashboard

e 1
Erimnmantal Brabection
Anee

Web interface supporting EPA's Chemical Safety
& Sustainability research (iCSS)

To be released April 2016

Will provide public access to DSSTox db

Initially name/ID-based searching only ...but

AED STy
S s

N

;\\
74 ¢ pro"<

HiA
%q‘ﬂﬂ Nz .
o .
¥ agenct

Chemistry Dashboard
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Componentizing API for Resolving

Chemical Names/IDs

e Look familiar?
— ChemSpider, PubChem, ChEMBL, NCI Resolver ...

 ONE reusable EPA component API that searches for Names
and CAS Registry Numbers...

e ... and SMILES, and InChiKeys, and recognizes invalid CAS
Numbers, and converts SMILES when they aren’t in DB, etc.
etc.
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ICSS Chemistry Dashboard

ﬁ . an I'I‘ll'.'l'l.l'..il Protecthon

Agancy

Bisphenol A

80-05-7 | DTXSID7020182

e tates;
Erimnmantal Brabection
Spiwe

Formerly DSSTox GSID, new unique
public substance ID, essential for

ﬂ Searched by Synonym: Found 1 result for ‘bisphenol A", RDFlsemantIC Web app“CathnS

Intrinsic Properties
HsC CH, Molecular Formula: C15H1802 Q, Saaron in DESTo || Iy
Average Mass: 228 251 g/mol r
Monoisotopic Mass: 228.115032 g¢/mol r
Structural ldentifiers
HO OH
Citation
Chemica Extemal Links Synonym PubChem Aricles PubChem Palents Comments
Froperties
CSV | Exeel -
Property Average (Exp.) Range (Exp.) Average (Pred.) Range (Pred.)
Solubility 0.001 (1) 0.0005257 to D.0005257 0.38 (2) 0.003675 to 0.7565
hetting Point 154.825 (7) 153.0t0 158.0 144.033 (2) 131.8 to 158.0
Boiling Point 20000 (1) 200.0 to 200.0 34895 (2) 334410 3835
LogP 3357 (3) 33210 3.4 3.524 (3) 320510 3.727
Atmospheric Hydroxylation Rate A A& D.0(1) 4237e-11t0 4.237e-11

About

onlact — ] o= 1Y [T Privacy Accessibility Help -



Build once, use many times

(e e
Err,ln- h?qnu.til Fpatection
e

Chemical Input: | CCNC1=NC(NC(C)C)=NC(CI)=N1

(Retrieved using standard InChlKey)

Chemical Input: |0000001912-24-9

(Retrieved using numeric identifier)
Warnings: Leading zeros stripped

Chemical Input: |1912-24-7 |

Warnings: Identifier not found in DSSTox, Unable to resolve identifier

Chemicato. [FERSTENE S RE G | Chemical Input: | MXWJVTOOROXGIU-UHFFFAQYSA-N
o ldem:m e (Retrieved using standard InChlKey)
3
i )“i « Componentizing functionality for reuse
N\\\N NN .
P « Adopting a common development framework
Cl N NH

ch/j\crg 36



Synonym Sourcing & Chemical

Name Searching

* Entering high-low quality chemical name synonyms for
DSSTox (NO COLLISIONS ALLOWED!)

e 500,000 “synonyms” (names + IDs) loaded and growing

— DSSTox historical resources (Done)

— ChemlD-Plus (Done)

— CAS Common Chemistry (Done)

— ChEBI (to come)

— ChemSpider Validated Synonyms (to come)

o “Caffeine Fix” (used by ChemSpider & others) for partial &
fuzzy name searching
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~ Curation Queue

ACToR
Where are we now?
AOP ADME/Exposure data
CERAPP

CTD (Comparative Toxicogenomics Database)
e Public ICSS Chemistry Dashboard to be released Curation Task Template
. DrugBank
April 2016 :

DSSTox_v2 clean-up

ECHA skin sensitization

« DSSTox External IDs created for RDF linkages EcoTox Database

wherever DSSTox content is used publicly SPA Hechansm ot Acton
FDA Drugs (Leadscope)
e.g. Atrazine: FooDB
— DTXSID9020112 (DTXSID.cksum.0.GSID) 'i'if;tm

Mass Spec Library Consolidation

e Curation continues...

NERL Scraped Names

— Prioritized EPA and ACToR lists NERL Scraped Names Part 2
NTPGTZ - NTP Zeiger GeneTox
« Coming over next year: 0P Iners
. . . . OSWER Chemicals of Interest
— Structure/substructure/similarity searching oK Chemial Lis
— List searching, structure downloads PPRTV

Stereo Error Correction
— Expanded webservices, open data & APIs Symonym addiion
Taox21 Curation
ToxCast Curation
TSCA Work Plan 2014 Update

VTM Chemicals



How can others contribute &

benefit?

 Chemically indexed content is crucial!

 Encourage use of DSSTox content, chemical list
registration tool, and use of quality metrics for
chemical annotations of data

« Greater linkages, use of web-services, standardized
chemistry resources, cheminformatics

e But chemical indexing, linkages, and annotations are
NOT enough

- Quality of chemical-data annotations needs to
be improved!!!
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A possible future for EPA ..

#!»}:Q\

CEBS eChem Portal :

fs\»,.
S

. Human Metabolome

'7 : NISTWeb-book

g CemSpider

InChi

| _;_,_f_{_ﬁ__l____-___; ,"-:i!' - = _-_..- —=
Lo ~—— - Chemistry .§‘,_ﬁ:-___;

7 CASR/N Dashboard C,4 S

R,
ToxCast YA L8 i EDSE
Dashboard o 2 Il \ Dashboz%[q
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