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Quick overview of the dashboard

Support for Mass Spectrometry
Data quality in the public domain
Work in progress — proof-of-concepts (PoCs)

Applications of the Dashboard and PoCs in
the hands of a mass spec scientist
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How we are supporting metabolomic

 The Dashboard as a “first-stop shop” for
toxicity, exposure and predictions data

3 |

. ‘/\\4 Computational Toxicology == \§

« Highly curated data sets -+ "o fg
- - . EPA’s DSSTox database: Hist f
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resource supporting computational

team led by scientists

Christopher M. Grulke ?, Antony J. Williams 2, Inthirany Thillanadarajah ®, Ann M. Richard

« Data set development is project focused
based on specific activities of interest

» Collaborating with multiple teams around
data sets and functionality development
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Predictions

Searched by DS5Tox Substance Id.
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Agency
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HO
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OH

Wikipedia =

Bisphenol A (BPA) is an organic synthetic compound with the chemical formula {CH,),C{CH,OH); belonging to the group of diphenylmethans derivatives and

bisphenols, with two hydroos,

enyl groups. It is 3 colorless solid that is soluble in organic solvents, but poorly soluble in water (0.344 wt % at 83 °C).
BPA iz 3 starting material for the synthesis of plastics, primarily certain polycarbonates

Read more
Intrinsic Properties =
Iy | Molecular Formula: Ci5Hi50;| & Mol File || @ Find All Chemicals

Iy | Average Mass: 228.201 g/mel | | [sotope Mass Distribution

Iy Monoisotopic Mass: 222.711503 g/mal

Structural Identifiers 4
Linked Substances 4
Presence in Lists 4
Record Information 4
Quality Control Notes 4




Properties, Fate and Transport
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Property
Summary
Summary
d’uDownIoad i Columns >~
Property s Experimental average ¥ Predicted average s Experimental median Predicted median s
LogKow: Octanol-Water 3.32 (1) 3.30 3.39
Melting Point 155 (7) 140 156 144
Boiling Point 200 (1) 360 355
Water Solubility 8.55e-4 (3) 8.78e-4 5.26e-4 7.56e-4
Vapor Pressure 6.83e-7 1.57e-7
Flash Point 190 190
Surface Tension 460
Index of Refraction 1.60
Molar Refractivity 68.2
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Hazard
DataType
Point of Departure v
m ﬂ ECO
& Download + Columns ~ 10
More ¥ Priority s Type = Subtype % Risk assessment class ¥ Value & Units = Study type = Exposure route s Species ¥  Subsource * Source =

I 4 N_DAFL - developmental neurotoxicity 0.015 mg/kg-day developmental neurotoxicity oral rat EFA ORD ToxRefDB
E 4 NEL - developmental neurctoxicity 0.015 mg/kg-day developmental neurotoxicity oral rat EPA ORD ToxRefDB
o 4 LOAEL - developmental neurotoxicity 0.015 mg/kg-day developmental neurotoxicity oral rat EPA ORD ToxRefDB
E 4 LEL - developmental neurctoxicity 0.015 mg/kg-day developmental neurotoxicity oral rat EFA ORD ToxRefDB
E 4 NEL - developmental neurctoxicity 0.03 mg/kg-day developmental neurotoxicity oral mouse EPA ORD ToxRefDB
o 4 L_E_L_ - developmental neurotoxicity 0.03 mg,/kg-day developmental neurotoxicity oral mouse EPA ORD ToxRefDB
E 4 NEL - developmental neurctoxicity 0.04 mg/kg-day developmental neurotoxicity oral rat EFA ORD ToxRefDB
B 4 LEL - developmental neurctoxicity 0.04 mg/kg-day developmental neurotoxicity oral rat EPA ORD ToxRefDB



Sources of Exposure to Chemicals
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& Download v

Columns ~ 10 w

Product or Use Categorization

manufacturing, metals

adhesive

PRODUCT & USE CATEGORIES

CHEMICAL WEIGHT FRACTION

CHEMICAL FUNCTIONAL USE

TOXICS RELEASE INVENTORY

MONITORING DATA

EXPOSURE PREDICTIONS

PRODUCTION VOLUME

Product and Use Categories (PUCs) 0

¥ | Categorization type ¥ Number of Unique Products v
CPCat Cassette 17
CPCat Cassetie 17
CPCat Cassetie 16
CPCat Cassetie 12
CPCat Cassetie "
CPCat Cassette L
CPCat Cassette g
CPCat Cassette 8
CPCat Cassette 7
CPCat Cassette 6

LS “ 2 3 4 5 6 7 8 9 10 = =»  Last
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Mass Spec Links

Analytical

E RSC Analytical Abstracts
!}. Tox21 Analytical Data
* MONA: MassBank North America
"szCImld
NBT NIST IR Spectrum
NBT NIST MS Spectrum
ol MassBank

& NEMI: National Environmental Methods
Index

NET \IST Antoine Constants

IR Spectra on PubChem

NET NIST Kovats Index values

United States
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Agency
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NIST WebBook
https://webbook.nist.gov/chemi

United States
Ervsironmientsl Protection
Agency

Analytical Spectrum

Plot Help / Software credits

& FOR-IDENT cholester

Mass Spectrum

& NEMI: National Environmental
Methads Index

! R5C Analytical Abstracts
2 Tox21 Analytical Data

* MOMA: MassBank Morth

America

Relative Intensity

D mzCloud

NI WIST IR Spectrum

NET MIST MS Spectrum d
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MassBank of North America
https://mona.fiehnlab.ucdavis.eg

MoNA - MassBank of North America Ll Spectrav & Downloads & Upload @Help~

Analytical

Display Generated Query

EICNE

& FOR-IDENT

4 NEMI: National Environmental
Methaods Index

Bisphenol A Score: % % % % K
E RSC Analytical Abstracts
& Q) instrument LTQ Orbitrap XL Thermo Sc...
2 Tox2 1 Analytical Data ;‘;“m
e Q ionization ESI
* MONA: MassBank North ~aAT e -
America TN Q retention time 140 min
Q, precursor m'z 2201223
h} - Q, precursor type [M+H]=
mzCloud Qoniztion mode posiive
Q) zccession EA016309

NIET WIST IR Spectrum

Originally submitted to the MassBank High Quality Mass Spectral Database

=3 = i e

NET NIST MS Spectrumn
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Aggregate data for a list of chemicals

2. . Trends in Environmental Analytical
R .

" & BN Chemistry

ELSEVIER Volume 20, October 2018, 00059

Opioid occurrence in environmental
water samples—A review

Marina Celia Campos-Mafias ?, Imma Ferrer b 2 i, E.Michael Thurman °, Ana Agiiera ®

#H Show more

https://doi.org/10.1016/j.teac.2018.e00059 Get rights and content
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Batch Search Names

Buprenorphine
Codeine
Dextromethorphan
Dihydrocodeine
Dihydromorphine
Ethylmorphine
Fentanyl
Heroin
Hydrocodone
Hydromorphone
Ketamine
Meperidine
Methadone
Morphine
Morphinone
Naloxone
Naltriben
Oxycodone
Oxymorphone
Propoxyphene
Sufentanil
Tramadol

Step 1 Step 2 Step 3

Step 4

Step 5

United States
Ervsironmientsl Protection
Agency

Step 6

Step Five: Choose Data Fields to Download
Please enter one identifier per line L

Select Input Type(s)
¥ |dentifiers
¥ Chemical Name €)

CASRN €

InChlkey €)

DS5STox Substance 1D €3
DSSTox Compound 1D €)
InChiKey Skeleton €¥
MS-Ready Formula(e) €9
Exact Formulaie) €9
Monoisotopic Mass €3

* Download Chemical Data

@ Display All Chemicals

Enter Identifiers to Search (searches should be limited to <5000 identifiers)

Buprenorphine
Codeine
Dextromethorphan
Dihydrocodeine
Dihydromorphine
Ethylmorphine

Fentanyl
Heroin

Hydrocodone
Hydromorphone

Excel
Download

|Marphine

fINPUT
|Buprenarphine

Codeine
Dextromethorphan

|Dihydrocodeine
|Dihydromaorphine

Ethylmarphine

|Fentanyl

Herain

|Hydrocodone
|Hydromorphone
|Ketamine
|Meperidine

Methadaone

'FOUND_BY

Approved Mame
Approved Name
Approved Name
Approved Name
Approved Name
Approved Name
Approved Name
Synonym

Approved Mame
Approved Name
Approved Name
Approved Name
Approved Name
Approved Name

DTXSID

OTXSID2022705
OTXSID2020341
OTXSID3022808
OTXSIDa022936
OTXSIDT0485908
OTXSID1 046760
DTXSID9023049
DTXSID6046761
OTXSIDE023131
OTXSIDE023133
OTXSID8023187
OTXSID9023253
OTXSIDT023273
OTXSID9023336




Add Other Data of Interest

Chemical Identifiers

* DTXsID @

¥ Chemical Name €}
DTXCID €Y

¢ cAS-RNED

Y InChikey €)
IUPAC Name €)

Structures
Mal File €)
SMILES €9
InChl String €9
¢ \5-Ready SMILES €
QSAR-Ready SMILES €)
Intrinsic And Predicted Properties
¢ mMolecular Formula €)
Average Mass €)

¥ Monoisotopic Mass )
TEST Model Predictions €9
OPERA Model Predictions €)

United States
Ervsironmientsl Protection
Agancy

INPUT DTXSID CASRN

: Buprenorph DTXSID202: 52485-79-7
|Codeine

DTXSID2021 76-57-3
Dextrometh DTXSID302: 125-71-3

| Dihydrocod DTXSID502: 125-28-0
| Dihydromor DTXSIDT04i 509-60-4
|Ethylmorph DTXSID1041 76-58-4

|Fentany!

DTXSID902:437-38-7
Heroin DTXSID6041 561-27-3

|Hydrocodor DTXSIDE02] 125-29-1

|Hydromorpk DTXSID802 466-99-9

|Ketamine DTXSID8026740-88-1
|Mependine DTXSID30Z:57-42-1

Methadone DTXSIDT0Z; 76-99-3

Morphine  DTXSID902: 57-27-2
|Morphinone DTXSID501 467-02-7
|Maloxone  DTXSIDE02 465-65-6

Maltriben -

| Oxycodone DTXSIDA02] 76-42-6
| Oxymorpho DTXSIDA02 76-41-5
|Propoxyphe DTXSID1021469-62-5
|Sufentanil  DTXSIDG02:56030-64-7 C22H30M2025
|Tramadol  DTXSID308:27203-92-5 C16H25MN0O2

MOLECULAR _F(MONOISOTOPIC MS_READY_SMI

C29H41NO4
C18HZ2T1NO3
C18HZ5N0
C18H23N03
CATHZ21NO3
C19H23NO3
C22H28N20
C21H23N04
C18H21NO3
CATH19NO3
C13H16CIND
C15H21NO2
C21HZTND
CATH19NO3
CATHATNOS
C1IH2TNO4

C18H21NO4

C17H19NO4
C22H29N02

4673035588 [H]C12CC3=CAC

2891521435 [H]C12CC3=CAC
2711936144 [H]C12CC3=C(C
3011677936 [H]C12CC3=C4C
2871521435 [H]C12CC3=C4C

313.1677936 [H]C12CC3=C4C
336.2201635 CCC(=0)N(C1CC
3691576228 [H]C12CC3=C4C
299 1521435 [H]C12CC3=CAC
2851364935 [H|C12CC3=C4C
237.0920418 CNC1(CCCCCA=
2471572289 CCOC(=0)C1(C
309.2092645 CCC{=0)C(CC(C
2851364935 [H|C12CC3=C4C
283.1208434 [H|C12CC3=C4C
3271470582 [H]C12CC3=C4C
[

3161470582 [H]C12CC3=C4C
3011314081 [H]C12CC3=C4C
339.2198292 CCC{=0)0C(CCA
386.2027994 CCC(=0)N(C1=C
263188529 COC1=CC=CC(=
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Chemical Lists of
Interest...



>300 Chemical Lists (and growing) SEPA

Ervsironmientsl Protection

-1 Dowr[ﬁ:ad hdl

List Acronym ®

HDXEXCH
HDXMNOEX

MASSBAMNKELISP

MASSBAMNKREF

MYCOTOXING

Home Advanced Search

Batch Search

Liztz of Chemicals E

ASZays

Columns ~

L3

List Name

MASSPECDE: Hydrogen
Deuterium Exchange Standard
Set - Under HDX Conditions

MASSPECDE: Hydrogen
Deuterium Exchange Standard
Set - Mo Exchange

MASSPECDE: MassBank.EU
Collection: Special Cases

MASSPECDE: MassBank
Reference Spectra Collection

MASSPECDE: Mycotoxins fram
MassBank.EU

Last Updated s

2018-11-07

2013-11-07

2017-07-16

2017-07-13

2017-08-02

Number of Chemicals *

582

765

263

1267

a3

Agency

Predictions

[ masg Iy Copy Filtered Lists URL

List Description ®
Observed species {deuterated and undeuterated) from the HDXMOEX list
under hydregen deuterium exchange conditions (Ruttkies, Schymanski et
al. in prep.)

Environmental standard set used to investigate hydrogen deuterium
exchange in small molecule high resolution mass spectrometry (Ruttkies,
Schymanski et al. in prep.)

The MassBank.EU list contains curated chemicals (Schymanski/williams)
associated with the literature/tentative/unknown/3l spectra available on
MassBank.EU that are not availzble as part of the full MassBank
collection of reference standard spectra.

This MassBank list contains chemicals associated with the full MassBank
collection of reference standard spectra available on MassBank.EU,
MassBankJP and MassBank of Morth America as well as the Open Data
collection, curated by Williams/Schymanski.

This is a set of mycotoxins, initiated by the contribution of spectra of 90
mycotoxins to MassBank.EU by Justin Renaud and colleagues from
Agriculture and Agri-Food Canada, Government of Canada




Nine “Food” Lists

Ervsironmientsl Protection
Agency

£ United States .
\" Environmental Protection Home Advanced Search  Batch Search Lists v  Predictions  Downloads

Agency

Select List

-‘- Download ¥ Columns ~ food I Copy Filtered Lists URL
List Acronym ®  List Name T Last Updated % Number of Chemicals®  List Description =
EFSAOFT FOOD: EFSA OpenFoodTox 2020-06-05 3942 The European Food Safety Authority has produced risk assessments for more than 4,000 substances in over 1,600

scientific opinions.

EFSAPRI NORMAN: European Food Safety Authority Priority 2019-06-21 178 List of 212 REACH substances prioritized by Oltmanns et al., DOI: 10.2903/sp.efsa.2019.EN-1597,
Substances

FDAFOODSUBS CATEGORY|FOOD: Substances Added to Food (formerly 2020-10-28 3116 The Substances Added to Food inventory replaces what was previously known as Everything Added to Feods in the
EAFUS) United States (EAFUS).

FOODCONTACTSDB Food Contact Chemicals database (FCCdb) - version 5 2021-03-22 9368 A database was created by the Food Packaging Forum Foundation (FPF) and is an overview of intentionally used food

contact chemicals (FCC).

FOODPLASTICS EXTRACTABLES: Chemical migrants in plastic food 2019-11-16 81 List of chemical migrants in plastic food contact products
contact products

INERTNONFOOD CATEGORY|PESTICIDES; InertFinder Non-Food Chemicals 2020-11-17 4814 List of chemicals listed in InertFinder as Non-Foed Use Chemicals

MYCOTOXINS MASSPECDB: Mycetoxins from MassBank.EU 2017-08-02 88 This is a set of mycotoxins, initiated by the contribution of spectra of 90 mycotoxins to MassBank.EU by Justin
Renaud and colleagues from Agriculture and Agri-Food Canada, Government of Canada

PESTINERTS PESTICIDES|EPA: List of Inert Ingredients Food and 2019-11-17 1654 List of Inert Ingredients Food and Nonfood Use UPDATED 10/25/2019
Nonfood Use UPDATED 10/25/2019

PFASLCMSGCMS PFAS: Collection of GC-MS and LC-MS standards: Food 2020-01-10 38 List of PFAS standards reported in an article regarding food contact materials.
Contact Materials

9 records

Ty Discover. Connect. Ask. .
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FSA OpenFoodTox

Ervsironmientsl Protection
Agency

(2] United States
g Environmental Protection Home Advanced Search  Batch Search  Lists ¥  Predictions Downloads —
\’ Agency

FOOD: EFSA OpenFoodTox

O identifier substring search

Description: The European Food Safety Authority has produced risk assessments for more than 4,000 substances in over 1,600 scientific opinions, statements and conclusions through the work of its
scientists. For individual substances, a summary of human health and — depending on the relevant legislation and intended uses — animal health and ecological hazard assessments has been collected and
structured into EFSA’s chemical hazards database: OpenFoodTox. OpenFoodTox provides open source data for the substance characterisation, the links to EFSA’s related output, background European
legislation, and a summary of the critical toxicological endpoints and reference values. This is a partial listing and data curation is presently ongoing.

Number of Chemicals: 3942

3942 chemicals

Select all & Download ¥ Send to Batch Search Hide chemicals that are: v _ E

0
HS OH o
HN\rrcu3 HaC NH
0
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ELSIE — Extractables and Leachs

Agency

(2] United States
\" Environmental Protection Home Advanced Search  Batch Search  Lists ¥  Predictions Downloads _

Agency

EXTRACTABLES: Extractables & Leachables Safety Information Exchange (ELSIE)

O identifier substring search

Description: The Extractables and Leachables Safety Information Exchange (ELSIE: https://www.elsiedata.crg/) was established by scientists in pharmaceuticals companies to advance the concept of
sharing pre-competitive safety information on extractables and leachables, among industry. The vision was that such a collaborative effort would reduce duplicative safety studies across companies,
streamline development projects, and allow industry and other stakeholders to share experiences and information to help advance the practice and science of extractables, leachables and materials
evaluation.

Number of Chemicals: 457

457 chemicals

Select all & Download ¥ Send to Batch Search Hide chemicals that are: v _ E

H,N
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United States
Ervsironmientsl Protection
Agency

MASSPECDB: Mycotoxins from MassBank.EU

Identifier substring search

List Details

Description: This is a set of mycotoxins, initiated by the contribution of spectra of 90 mycotoxins to MassBank.EU by Justin Renaud and colleagues from Agriculture and Agri-Food Canada, Government of Canada. This list is also a part of
the MASSBANKREF list and the NORMAN Suspect Exchange and will be expanded as new contributions arrive.

Number of Chemicals: 85

88 chemicals

Select all & Download ¥ Send to Batch Search Default v it Hide chemicals that are: ¥ _ ﬁ

a OH
) = ™o I e i
. ~ 1.
o “ren,
CH,  CHy
Z™o
H
Aflatoxin B1 Citrinin Vomitoxin Fumenisin B1

CASRN:1162-65-8 CASRM:518-75-2 CASRN:51481-10-8 CASRN:116355-83-0
DTXSID:DTXSID9020035 DTXSID:DTXSID8020333 DTXSID:DTXSID3020382 DTXSID:DTXSID6020644
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United States
Ervsironmientsl Protection
Agency

Structural Identifiers

Iy IUPAC Name: (3alpha,7alpha)-3.7,15-Trihydroxy-12,13-epoxytrichothec-%-en-8-one

by SMILES: CC1=C[C@H]20[C@@H]3[C@H](0)CIC@@](C)([C@]33CO3)[C@@]2(CO)[C

I  InChl String: InChl=15/C15H2006/c1-7-3-9-14(5-16,11(19)10(7)18)13(2)4-8(17)12(

2H3/t8-9-11-12-13-14-15+/m1/s1

I  InChlKey: LINOMUASTDIRTM-QGRHZOQGSA-N

Search Google for: Q, Structural Skeleton | Q, Full Structure

Iy Copy All
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BIG databases are GREAT!

* Thanks to all of the public database efforts
* So much benefit from what's been done
* There are hundreds of them at this point...

Chemical Substances

JUNIVERSITY OF CALIFORNIA




Vomitoxin - ChemSpider

* 19 "WVomitoxins” — 3 isotopically labeled

Search term: LINOMUASTDIRTM (Found by InChiKey (skeleton match))

o
H
q H
HO
al
HO¥ "
o
Deoxynivalenol 3.7,15-Trihydroxy-12.13-epoxyirichothec- (3alpha, 7alpha 12R)-3,7,15-Trihydroxy- d1-DON (3beta 7alpha, 12xi)-3,7,15-Trinydroxy-
9-en-8-one 12,13-epoxyirichothec-9-en-8-one 12, 13-epoxyirichothec-9-en-8-one

13C15 DON (3beta, 7alpha)-3,7,15-Trihydroxy-12, 13- {3alpha 7alpha)-3,7,15-Trihydroxy-12, 13- (3alpha 7beta)-3 7, 15-Trihydroxy-12, 13-
epoxyirichothec-9-en-8-one epoxyirichothec-9-en-8-one epoxyirichothec-9-en-8-one

12,13-epoxyfrichothec-9-en-8-one

Trihydroxy(2,3,456,7,89,10,11 121314

Trihydroxy-12,13-epoxyirichothec-8-en-
~13~C 15 )-12 13-epoxytrichothec-9-

Tone
Q
'-‘:
HO"I
H
H.t‘ .,
H  oH

S-en-8-one

(3alpha Talpha, 11xi,12xi)-3,7,15- (3beta Gbeta, 7Theta, 11beta 12R)-3,7.15- 3,7 15-Trihydroxy-12 13-epoxytrichothec-
Trinydroxy-12,13-epoxyirichothec-9-en-

Trinydroxy-12 13-epoxyirichothec-8-en- S-en-8-one

Sone Tone
25




Vomitoxin — PubChem

Ervsironmientsl Protection

Agency

* 33 unique InChl Keys

Compounds Substances
(33) (10)

Searching chemical names and synonyms including IUPAC names and InChlKeys across the compound collection. Note th
pages is not searched. Read More...

33 results = Filters SORT BY « Relevance v

r Vomitoxin; Trichothec-9-En-8-One, 12,13-Epoxy-3,7,15-Trihydroxy-,

(3.Alpha.,7.Alpha.)-; 12,13-Epoxy-3.Alpha.,7.Alpha.,15-Trihydroxy-9-
Trichothecen-8-One; LINOMUASTDIRTM-LMJBVPRVSA-N; Spiro[2,5-
Methano-1-Benzoxepin-10,2'-Oxirane], Trichothec-9-En-8-One Deriv.

Compound CID: 6432495
MF: CisH2006 MW: 296.31g/mol
InChiIKey: LINOMUASTDIRTM-LMJBVPRVSA-N

IUPAC Name: (3R,10S)-3,10-dihydroxy-2-(hydroxymethyl)-1,5-dimethylspiro[8-
oxatricyclo[7.2.1.02,7]dodec-5-ene-12,2'-oxirane]-4-one

Create Date: 2006-04-28

Not Vomitoxin
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ChemSpider — lots of virtuals???

81 . * 52 million chemicals
L Million
chemical structures fr()m one Vendor

< PData Sources

Data Source Count Date Last

Created Updated

Aurora Fine Chemicals 01885566 13/04/2009 09/01/2020

Chemspace 14283313 30/11/2016 04/12/2018
AKos 12326374 15/04/2008 09/10/2017

Mcule 9299739  21/01/2014 26/10/2018

Molport 8200357  09/02/2010 09/01/2020

Enamine 3056649  15/04/2008 15/10/2019
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axol: 79 Results

Found 79 results
Search term: RCINICONZNJXQF (Found by InChiKey (skeleton match))

T ¥

&

paclitaxel

(2alpha,3xi Sbeta, Tbeta, 10beta, 13alpha)-4
Diacetoxy-13-{[(2R 35)-3-
(benzoylamino)-2-hydroxy-3-

A, '5:\ P

~

(2alpha,3xi Sbeta, 7alpha, 10beta, 13alpha)-
Diacetoxy-13-{[(2R 35)-3-
(benzoylamino)-2-hydroxy-3-

(2alpha, 5beta, Theta, 10beta, 13alpha)-4,10
Diacetoxy-13-{[(2R 35)-3-

bis(acetyloxy-13-{[(2R, 35)-3-
(benzoylamino)-2-hydroxy-3-

L

(2alpha,5beta 7alpha.10beta, 13alpha)-4.1

Diacetoxy-13-{[(2R,35)-3-
(benzoylamino)-2-hydroxy-3-

e
B

(2alpha, 3xi, Tbeta, 10beta, 13alpha)-4,10-
Diacetoxy-13-{(2R,35)-3-
(benzoylamino)-2-hydroxy-3-

(2alpha 5beta, 10beta, 13alpha)-4.10-
Diacetoxy-13-{[(2R 35)-3-

(1beta 2beta 3beta 4alpha 5alpha, 7alpha,!
Diacetoxy-13-{[{25 3R)-3-
(benzoylamino)-2-hydroxy-3-

<EPA

United States
Ervsironmientsl Protection
Agency

A . —

R | | | | —

L

(Bbeta Theta, 10alpha, 13alpha)-4.10-
Dbis(acetyloxy}-13-{[(2R 35}-3-

(2alpha,3xi 5beta Tbeta 10alpha, 13alpha):
Diacetoxy-13-[(2R,35)-3-

58
R

(2alpha, 3xi 5beta 7Tbeta, 10beta, 13alpha)-4
Diacetoxy-13-{[{25.35)-3-

(2alpha,3beta Sbeta Tbeta, 10beta, 13alpha
Diacetoxy-13-{[(2R,35)-3-
(benzoylamino)-2-hydroxy-3-

(benzoylamino)-2-hydroxy-3-

(2alpha,5beta Theta 8alpha, 10beta, 13alph
Diacetoxy-13-{[(2R,35)-3-

(2alpha 5beta, Theta, 10beta, 13alpha)-4,10
Diacetoxy-13-{(25 3R)-3-
(benzoylamino)-2-hydroxy-3-

hydroxy-3-phenylpropanoylloxy}-1.7-
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Data Quality is important

o DALG DECTw

TODAY
Drug Discovery Today s I

Volume 17, Issues 13-14, July 2012, Pages 685-701

e AR

ELSEVIER

o Review

EKeynote

Towards a gold standard:

Drug Discovery Today

Volume 16, Issues 17-18, September 2011, Pages 747-750

quality in public domain

Editorial

databases and annroaches

the Machines first, humans second: on the importance
«, Of algorithmic interpretation of open chemistry

E Show
https://d data

—
Alex M Clark B4, Antony J Williams and Sean Ekins
Journal of Cheminformatics 2015 79

https://doi.org/10.1186/513321-015-0057-7 = © Clark et al;; licensee Springer. 2015
Received: 24 November 2014 = Accepted: 23 February 2015 = Published: 22 March 2015 29




“MS-ready”
structures

McEachran et al. f Cheminform [2018) 10:45

https://doi.org/10.1186/513321-018-0299-2 JDU rnal of Cheminformatics

METHODOLOGY Open Access

“MS-Ready” structures for non-targeted B
high-resolution mass spectrometry screening
studies

Andrew D. McEachran'", Kamel I“u’lansuuri":-g, Chris Erulkez, Emma L Schymanskiq, Christoph Ruttkies”
and Antony J. Williams®
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Overview of MS-Ready Structures

 All structure-based chemical substances are

algorithmically processed to

— Split multicomponent chemicals into individual structures
— Desalt and neutralize individual structures

— Remove stereochemical bonds from all chemicals

 MS-Ready structures are then mapped to
original substances to provide a path between
chemicals detected by mass spectrometry to
original substances
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Micatine
CHN1CCC[C@H)1C1=CN=CC=C1
DTXSID1020930| SMICKXCGAKADSCY
54-11-5 | 162.1157| 0.929| 72

Tox: yes| Expo: yes| Bioassay: yes

N 0 Ok
o,
Ok
=

Benzoic acid, 2-hydroxy-, compd. with
3-[[25)-1-methyl-2-pyrrolidinyl] pyridine (1:1)

M LEGEND: Name, SMILES

MS5-ready
DL-Micotine

CNI1CCOC1C1=CN=CC=C1
DTXSID3048154 | SNICXCGAKADSCY
22083-74-5 | 162.1157| 0.953| 9

CH
= | 1 DTXSID | InChikey 1% Block
| ¥ CAS | Monoiso. Mass | logP | Sources

= 'r"’h.{-\"‘ ? Data on: Toxicity | Exposure | Bioassays
D-Nicotine B
CN1CCCIC@® @H]1C1=CN=CC=C1 = s
DTASIDO04E3S5 | SNICKCGAKADSCY | N
25162-00-9 | 162.1157| 0.925| 20 =
Tox: no| Expo: yes| Bioassay: yes

HCI

Micotine hydrochloride

CLCN1CCC[C@H]1C1=CN=CC=C1
DTXSIDG02093 | HDIBTCANMMNXEW
2820-51-1 | 198.0924 | 0.929]| 9
Tow: no | Expa; yes| Bicassay: yes

Tox: yes| Expo: no| Bioassay: l.res_‘/

0C(=0)C1=C{0)C=CC=C1.CN1CCC[C@H]1C1=CN=CC=C1

DTXSID5075319| AIBWPBUAKCMENS
29790-52-1| 300.1474| 0.929| 6
Tox: no| Expo: yes| Bioassay: no

COlBUTOETE =

Open Science for Identifying “Known Unknown” Chemicals
Emma L. Schymamki*'% and Antony J. Williams @

[ZHIC([ZH]){[2H])N1CCCCIC1=CN=CC=C1
DTXSIDE0A4 2666 | SNICXCGAKADSCY

DL-Nicotine-d3

2y
"H’ﬁf”

£9980-24-1| 165.1345| 0.929 1

Tow: no| Expo: no| Bioassay: no
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MS-Ready Mappings from
Details P age e

Perfluorooctanesulfonic acid

1763-23-1 | DTXSID3031864

Searched by Synonym from Valid Source.

Wikipedia hd

Perfluorooctanesulfonic acid (conjugate base perfluorooctanesulfonate) (PFOS) is an anthropogenic fluorosurfactant and global pollutant. PFOS
was the key ingredient in Scotchgard. a fabric protector made by 3M. and numerous stain repellents. It was added to Annex B of the Stockholm
Convention on Persistent Organic Pollutants in May 2009. PFOS can be synthesized in industrial production or result from the degradation of
precursors. PFOS levels that have been detected in wildlife

Read more

F F F F F F F F OH
E | | I | i i ‘ ‘ l:O Quality Control Notes 4
|| BN
F F F F F F F F |C|’ Intrinsic Properties 1
Structural Identifiers 4
Linked Substances hd

Same Connectivity: 4 records (based on first layer of InChl)

Mixtures, Components and Neutralized Forms: 9 records (based on QSAR ready mappings and with the compound as a component of 2

mixture)

MS-Ready Mappings: DTXCID1011864: 18 records;

Similar Compounds: 82 records (based on Tanimoto coefficient »(0.8)

2d search/index
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MS-Ready Mappings Set of 20

substances for “PFOS”

2 ) United States
Ny Environmental Protection
\’ Agency

Select all & Download ¥ Send to Batch Search Default vt

Home Advanced Search  Batch Search Lists ¥  Predictions Downloads

MS-Ready Mappings of Perfluorooctanesulfonic acid (Isotopes pre-filtered)

18 of 20 chemicals visible
»

United States

Ervsironmientsl Protection

Agency

T

Perfluorooctanesulfonic acid
CASRN:1763-23-1
DTXSID:DTXSID3031864

Piperidinium perfluorooctanesulfonate
CASRN:71463-74-6
DTXSID:DTXS1D0072352

Lithium perfluorooctanesulfonate
CASRN:29457-72-5
DTXSID:DTXSID2032421

Perfluorooctanesulfonate
CASRN:45298-90-6
DTXSID:DTXSID80108992

Potassium perfluorooctanesulfonate
CASRN:2795-39-3
DTXSID:DTXSID8037706

Tetrabutylammonium perfluorooctanesu...

CASRN:111873-33-7
DTXSID:DTXSID40584995

Ammonium perfluorooctanesulfonate
CASRN:29081-56-9
DTXSID:DTXSID9067435

Sodium perfluorooctanesulfonate
CASRN:4021-47-0
DTXSID:DTXSID50635462

Tetraethylammonium perflucrooctanesu...

CASRN:56773-42-3
DTXSID:DTXSIDS069128

Magnesium bis(heptadecafluorooctanes...
CASRN:91036-71-4
DTXSID:DTXSID80881314

Bis(2-hydroxyethyl)ammeonium perfluoro...
CASRN:70225-14-8
DTXSID:DTXSID2072049

N-Decyl-N,N-dimethyl-1-decanaminium...

CASRN:251099-16-8
DTXSID:DTXSID00882964
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Mass and Formula
Searching




Advanced Searches

Mass Search

Mass Search €)
+ Min/Max
Adduct All Adducts
Meutral - e Choose adduct from dropdown
191.131 Ua ' = 5 Da m
Search Q@

36



Advanced Searches "

Mass Search e -

Search Results
Searchad by Mass: 191137 +/- 5.0 ppm.

Select all .‘.. Download = Send to Batch Search Mass Difference i} Multiccmperant Chamicals % [ _ B

CH
=5 7
CHy .
M M A
N oy
N CHy Kyt TH,
[ ]
Hy  GHy CHy
DEE Phendim: 2-meth... Acstanilide. 2' 6 -disthy! Azstidine, 1,3-dimethyl-3-{
DTXSI0: OTHSID2021995 DTHSI0: DTXEID1023447 DTHSI0: OTXSID2042187 DTSI0: OTXEIDB0162 148 DTSI0: OTHEIDA01 73560
CASRM: 134-62-3 CASRM: 634-03-7 CASRM: 07-42-6 CASRM: 16665-80-7 CASRM: 18832-26-0
TOMCAST: 12/768 TOMCAST: - TORCAST: TOMCAST: - TOMCAST: -
Mass Diff: 0000014 Mass Diff: 0000014 Mass Diff: 0.000014 Mass Diff: 0.000014 Mass Diff: 0000014
|\_:| |:_:| ]
CHy  CHy

oH,

p-t-Butylacetanilide 'y
DTXSI0: DTXEID20174196 OTXSID: DTXSIDE0174235 DTXSIC: DTXSID001 79045
CASRM: 20308-43-4 CASRM: 20330-45-4 o

ethyl-2-phery one, 1-{4-pyridyl)-
DTXSID: DTXSIDG0184653 DTXSI0: DTXEID40186594
CASRM: 30568-38-9 CASRM: 32941-30-3
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MS-Ready Structures for

Formula Search

Molecular Formula Search €)

® s Ready Formulz €9 O Exact Formula €

Formula

38



Ervsironmientsl Protection
Agency

MS-Ready Mappings

« EXACT Formula: C10H16N208: 3 Hits
() M5 Ready Formula €) (®) Exact Formula €

Formula

C10H18N208

Select all Send to Batch Search Default “ {t m

0 OH

-
O ¢

Ethylenediaminetetraacetic acid M,MN'-Ethylenedi-L-aspartic acid Dimethyl 2, 7-dinitrooctanedioate

DTXSID: DTXSID6022977 CTXsID: DTXSID1051852 DTXSID: DTXS1D204958364
PubChem: 158 PubChem: 25 PubChem: 5
CPDAT: 387 CPDAT: 8 CPDAT: D

39



Ervsironmientsl Protection
Agency

MS-Ready Mappings

« Same Input Formula: C10H16N208
 MS Ready Formula Search: 125 Chemicals

prE—— N O

MMM W
stetraacetic acid ferric zo..
OTXSIDE027774

Trisodium ethylenediamine

). ] bis[M-[{... Tetraammonium ethylenediaminetet EDTA, copper salt Calcium disodium ethylenediaminet Tetrapotassium ethylensdiaminetztras
DTXSID: DTXSID2027315 DTXSID: DTXSID8027320 DTXSID: DTXSID0034564 DTXSID: DTXSID2036400 DTXSID: DTXSID2036442
PukC] 11 PubChem: 3 -4 Pub!
CPDAT: CPDAT: 12 CPDAT-10 CPDAT: 10 PDAT: CPD
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MS-Ready Mappings

* 125 chemicals returned in total
— 8 of the 125 are single component chemicals
— 3 of the 8 are isotope-labeled
— 3 are neutral compounds and 2 are charged

* Multiple components, stereo, isotopes and
charge all collapsed and mapped through
MS-Ready

41



Batch Searching
mass and formula



Batch Searching

* Singleton searches are useful but we work
with thousands of masses and formulae!

« Typical questions
— What is the list of chemicals for the formula C,H,O,
— What is the list of chemicals for a mass +/- error
— Can | get chemical lists in Excel files? In SDF files?
— Can | include properties in the download file?
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Batch Searching Formula/Mass SEPA

Ervsironmientsl Protection
Agency

Batch Search@

Step 1 Step 2 Step 3 Step 4 Step 3 Step @

Step Five: Choose Data Fields to Download

Please enter one identifier per line

Select Input Type(s) +/- ppm Enter ldentifiers to Search (searches should be limited to <3000 identifiers)
L Identifiers 41.0285 -
o ) o 56.02621
) Chemical Name £3.0255
[l casrn €Y 58.0413
L inChikey €9 93.0578
[ DS5Tox Sub I 1139058
| ox Substance 1D €9 151.8754
L DSSTox Compound ID €3 59.9377
[ InChIKey Skeleton €9 77.9872

(] MS-Ready Formula(z) ‘!This search is based on what we refer to as "Mass Spec (MS) Ready” structures. All chemicals
o within the database are treated in a manner such that all are desalted, mixtures are separated,
) Exact Formula(e) €0
and stereochemistry is removed as Mass Spectrometry detects the major components of a salt
¥ Monoisatopic Mass i } _ry . p 24 Y P ) ]

r mixture and is insensitive to stereochemistry. As an example, a search for the monoisotopic
@ Display All Chem|mass of phenol will return phenal, sodium phenolate and calcium phenoxide. See the

| publication for more details: hitps://doi.org/10.1186/513321-018-0299-2,
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Searching batches using MS-Ready

Formula

o W e~ B L R

-l‘-‘-wmwwwmwwwmmNmmNNmmNN—l—k—k—k—L—k—k—L—k
L= T=0 == RN = PR R SR SV O R R = R =R = RS R Y] — D WD 00~ oy M e L R =

-
a

(or mass)

searching

United States
Ervsironmientsl Protection
Agancy

3 C z F G
INPUT DTXSID CASRN PREFERRED NAME MOL FORMULA MONOISOTOPIC MASS DATA SOURCES
C14H22N203 DTXSID2022626 29122687  Atenoldl C14H22N203 1266163042576 16
C14H22N203 DTXSID0021179 6673354  Practolol C14H22M203  '266.163042576 32
C14H22N203 DTXSID4048854 841736  Bucolome C14H22M203  '266.163042576 20
C14H22N203 DTXSID1045407 13171250  Trimetazidine dihydrochloride C14H24CI2N203 338.116398 19
C14H22N203 DTXSID0045753 56715130  R-{+)-Atenalol C14H22M203  "266.163042576 19
C14H22N203 DTXSID2048531 5011347  Trimetazidine C14H22M203  '266.163042576 "4
C14H22N203 DTXSID10239405 93379645  Esatenolol C14H22M203  '266.163042576 "2
C14H22N203 DTXSID50200634 52662278  N-{2-Diethylaminoethyl)-2-(4-hydroxyphenoxy)acetamide C14H22N203  "266.163042576 7
C14H22N203 DTXSID4020111 51706402  di-Atenclol hydrochloride C14H23CIN203  302.1397203 B
C14H22N203 _ DTXSID1068693 _51963-82-7 _ Benzenamine, 2.5-diethosxy-4-{4-morpholinyl)- C14H22N203 266 163042576 %5
C18H34N206S DTXSID3023215 154212  Lincomycin C18H34N206S  '406.213757997 "5
C18H34N206S DTXSID7047803 859-187  Lincomycin hydrochloride C18H35CIN206S 4421904357 22
C18H34N206S DTXSID20849438 1398534-62-7 PUBCHEM 71432748 C18H35CIN206S 442 1904357 "
C10H12N20  DTXSID1047576 486566 Cotinine C10H1ZNZ0 "176.094963014 40
C10H12N20  DTXSIDBO75330 50-67-9 Serotonin C10H12N20 "176.094963014 22
C10H12N20  DTXSID8044412 2654571  4-Methyl-1-phenylpyrazolidin-3-one C10H12N20 "176.094963014 18
C10H12N20  DTXSID80165186 153-98-0  Serotonin hydrochloride C10H13CIN20  212.0716407 1
C10H12N20  DTXSID2048870 29493774  (4R,5S)-4-methyl-5-phenyl-4.5-dihydro-1,3-axazol-2-amine C10H12N20 "176.094963014 "0
C10H12N20  DTXSID10196105 443-312  6-Hydroxytryptamine C10H12N20 "176.094963014 ¢
C10H12N20  DTXSID90185693 31822841  1.4.5 6-Tetrahydro-5-phenoxypyrimidine C10H12N20 "176.094963014 7
C10H12N20  DTXSIDA0178777 240366-9  2-Benzimidazolepropanol C10H12N20 "176.094963014 7
C10H12N20  DTXSIDB0157026 13140-86-8  M-Cyclopropyl-N-phenylurea C10H12N20 "176.094963014 %
C10H12N20 __ DTXSID30205607 570-14-9 __ 4-Hydroxytryptamine C10H12M20 "176.094963014 B
C14H18N403 DTXSID5023900 17804352 Benomyl C14H18N403  290.137890456 8
C14H18N403 DTXSID3023712 738705  Trimethoprim C14H18N403  290.137890456 51
C14H18N403 DTXSID40209671 60834302  Trimethoprim hydrochloride C14H19CINAD3  "326.1145682 ¢
C14H18N403 DTXSID70204210 55687495  Benzenemethanol, 4-{(2.4-diamino-5-pyrimidinyl)methyl)}-2. C14H18N403  "290.137890456 5
C14H18N403 DTXSID20152671 120075572  6-Methoxy-4-(3-(N,N-dimethylamina)propylamino)-5.8-quin: C14H18N403  "290.137890456 ¢l
C14H18N403 DTXSID30213742 63931793  1H-1.2.4-Benzotriazepine-3-carboxylic acid, 4,5-dihydro-4- C14H18N40O3  "290.137890456 "
C14H18N403 DTXSID30219608 69449076  2.4-Pyrimidinediamine, 5-((3.4.5-trimethoxyphenyljmethyl}: C14H20N404  "308.14845514 &
C14H18N403 DTXSID20241155 94232276  L-Aspartic acid, compound with 5-((3.4.5-trimethoxyphenyl C18H25N507  "423.175398165 &
C14H18N403 DTXSIDB0241156 94232-28-7  L-Glutamic acid, compound with 5-{(3.4 5-trimethoxypheny C19H27NSO7  "437.191048229 £
C14H18N403 __ DTXSID20143781_101204-93-7 _ 1H-Pyrida(2.3-e)-1 4-diazepine-2.3 5-trione, 4-(2-{diethylar C14H18N4A03 ___ "290.137890456 £
C12H1IN7  DTXSIDG021373 396010  Triamterene C1ZH11NT "253.107593382 %2
C1ZH1IN7  DTXSID00204465 5587-93-9  Ampyrimine C1ZH11INT 53107593382 7
C12H1IN7  DTXSID5064621 7300-26-7  Benzenamine, 4-azido-N-{4-azidophenyl)- C12HINT "251.091943318 ¢l
C12H1IN7  DTXSID00B48025 90293826  Sulfuric acid—6-phenylpteridine-2.4,7-triamine (1/1) C12H13N704S  "351.074973101 g
C12H11N7____ DTXSID50575293 92310-83-3__ (1E)-N-Phenyl-1.2-bis(1H-1.2 4-triazol-1-yl)ethan-1-imine__C12H11NT 53107593382 g
CBHINO2 DTXSID2020006 103-90-2 CBHINO2 "161.063328534 75

Acetaminophen

- |

cauarlcg DT CIRE N3t e cd 4024 an 2 WMotk d O oncinchonooate _____________________Couokl;a dEd Oc2oaocad B0




Batch Search in specific lists

INPUT DTXSID MASSBANKREF NEMILIST WRTMSD  NORMANPRI SUSDAT
Buprenorph DTXSID202: - -

.|\Codeine  DTXSID2021Y
Dextrometh DTXSID302)Y
| Dihydrocod DTXSIDS02: Y
Dihydromor DTXSIDT 044 - -
Ethylmorph DTXSI0104 -
Fentanyl DTXSIDI02)Y -
Heroin DTXSIDGE04Y -
Hydrocodor DTXSIDS02)Y Y
Hydromorpt DTXSIDE02: -
Ketamine DTXSIDS02)Y
Mependine DTXSID902Y
Methadone DTXSIDT02)Y
Morphine  DTXSID9027Y
Morphinone DTXSIDA01! -
Maloxone DTXSIDG0Z: -
Maltriben - -
Ceoycodone DTXSIDS02TY
Chxeymorpho DTXSIDA0Z: -
Fropoxyphe DTXSIDN027Y
Sufentanil  DTXSIDB0DZ: -
Tramadol DTX510908Y
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Benefits of bringing it all together

* The true dashboard benefit is integration

Ervsironmientsl Protection

Rank potential candidates for toxicity using
avallable data — hazard, exposure, in vitro

Envirmmment Infernational 88 [2016) 269 X80

Contents lists available al Scencelirect

Environment International

journal homepage: www _elsavier. com/locaté/envinl

Linking high resolution mass spectrometry data with exposure and @amm
toxicity forecasts to advance high-throughput
environmental monitoring

Julia E. Rager*, Mark ]. Strynar ", Shuang Liang *, Rebecca L. McMahen *, Ann M. Richard ©,

Christopher M. Grulke %, John F. Wambaugh €, Kristin K. Isaacs ", Richard Judson ©,

Antony J. Williams *, Jon R. Sobus "*

3 Ok Hidge institute for Science and Edurntion (ORISE) Poriicipant, 109 LW Almemder Orive, Revenrch Triomgle Pork, NC 27708, Linited Stotes

B 115 Envirmmensol Protection Agency, Office of Ressorch and Development, Notiomal Eqposure R Laboratory, 109 EW. Alemmder Drive, Reseanch Triongle Park, NC 27705, United Stotes
£ UL Ervironmentaf Protection Agency, Office of Reseorch and Development, National Cerier for Computational Tosionlagy, §09 TW. Alesmmder Drnive, Ressarch Trismgle Pork, NC 27709, United

Stetes
4 | nefcheed Martin, §05 TW. Alexonder Dnive, Research Triarmgie Park, 8C 27708, Umited Stotes
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Candidate ranking
using metadata

& Amencan Society for Mass Spectrometry, 2011 J. Am. Soc. Mass Spectrom. (2012) 23:178-185
|| DOI: 10.1007/513361-011-0265-y

RESEARCH ARTICLE

Identification of “Known Unknowns” Utilizing
Accurate Mass Data and ChemSpider



Data Source Ranking of

“known unknowns”

C14H22N203
A mass and/or formula search is 266.16304
for an unknown chemical but it
IS a known chemical contained "
within a reference database Chemical

Reference
Database

* Most likely candidate chemicals
have the most associated data ’r
sources, most associated Sorted candidate
literature articles or both structures

49



Data Streams for Ranking

« CompTlox Dashboard Data Sources
« PubChem Data Source Count

o publ@ed... Reference Count

* Toxcast in vitro bioactivity

* Presence in CPDat database

« OPERA PhysChem Properties

» Other possibilities — predicted media
occurrence, frequency of InChls online



Search 228.115 +/- 5.0 ppm

United States

234 single component chemical

Search Results
Searched by Mass: 228.115 +/- 5.0 ppm.

234 of 247 chemicals visible
]

) EXED ST E=ED O

HyC
OH OH
HC CHy o HiC CH; .
CH;
%9 O O SAY ~ :
Ko oH - ey oM !
CH;, CH; cHy
[¢]

Bisphenol A Phenol, 2-[1-(4-hydroxyphenyl)-1-methy... 4,4'-Propane-1,1-diyldiphenol Nabumetone Phenol, 2,2'-methylenebis[4-methyl- Gweicurculactone
CASRN:80-05-7 CASRN:837-08-1 CASRN:1576-13-2 CASRN:42924-53-8 CASRN:3236-63-3 CASRM:123914-43-2
DTXSID:DTX5ID7020182 DTXSID:DTXSID7042275 DTXSID:DTXSID3044594 DTXSID:DTXSID4045472 DTXSID:DTXSID0062923 DTXSID:DTXSIDS0154143

Mass Diff:0.00003 Mass Diff:0.00003 Mass Diff.0.00003 Mass Diff:0.00003 Mass Diff:0.00003 Mass Diff:0.00003

O O /O " " - O
N\

o Q
\ o o o.
O . e ° MRSl
1 o O o CH,
ciy
Phenol, 3-methoxy-5-(2-phenylethyl)- 1.1'-(Dimethoxymethylene) bisbenzene Preventol D2 1-Methoxy-2-((4-methoxyphenyl)methyl... 1.2-Naphthalenedione, 3.8-dimethyl-5-(.. Methane. bis-(o-methoxyphenyl)-
CASRN:17R35-59-5 CASRN:2235-01-0 CASRN:2749-70-4 CASRN-3N5A7-87-4 CASRN:GR74-34-5 CASRN:5819-93-2
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Search 228.115 +/- 5.0 ppm

234 single component chemical

CASRN QC Level CPDat Count Number of Sources PubChem Data Sources PubMed Ref. Counts
80-05-7 Level 1 326 170 161 3850

42924-53-8 Level 2 14 45 138 342

87619-52-1 Level 5 0 2 0

87607-32-7 Level 5 0 2 0




The original ChemSpider work

Compound class Number in class  Average rank  Number of compounds in each
position rank-ordered

#1 #2 #3 #4 #3+

Pharmaceutical drug 72 1.4 55 6 2
Industrial chemicals 42 5.5 28 3

Personal care products 8 6.1 3

Steroid hormones 7 1.0 7

Perfluorochemicals 6 1.2 5

Pesticides 12 2.3 6 2 3 1
Veterinary drugs 3 1.3 2

Dyes 2 1.0 2

Food product/natural compounds 4 3.8 2 1 1
Mlicit drugs 2 2.0 1 1

Misc. molecules 3" 1.3 2 1

53



|s a bigger database better?

 ChemSpider was 26 million chemicals for
the original work

* Much BIGGER today 81Mi[[ion

e |S b|gger better?? chemical structures
» Are there other metadata to use for ranking?
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Comparing Search Performance

“Anal Bioanal Chem (2017) 409:1729-1735 @{1 A
DOI 10.1007/500216-016-0139-z B

RAPID COMMUNICATION

Identifying known unknowns using the US EPA’s CompTox
Chemistry Dashboard

Andrew D. McEachran' - Jon R. Sobus” + Antony J. Williams®

 \WWhen dashboard contained 720k chemicals
* Only 3% of ChemSpider size
* What was the comparison in performance?
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SAME dataset for comparison

Compound class Number in class  Average rank  Number of compounds in each
position rank-ordered

#1 #2 #3 #d #3+

Pharmaceutical drug 72 1.4 55 9 6 2
Industrial chemicals 42 5.5 28 6 3 5

Personal care products

XACTLY THE SAME DATASET

uorochemicals

Pesticides 6

Veterinary drugs 3 1.3 2 1

Dyes 2 1.0 2

Food product/natural compounds 4 3.8 2 1 1
Ilicit drugs 2 2.0 1 1

Misc. molecules 3° 1.3 2 1
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How did performance compare?

Mass-based searching Formula-based searching
Dashboard ChemSpider Dashboard ChemSpider
Average rank position 1.3 2.2° 1.2 [.4
Percent in #1 position 85% 70% 88% 80%

? Average rank in ChemSpider shown here does not include an outlier where the rank was 201, when added the
average rank position is 3.5

For the same 162 chemicals,
Dashboard outperforms

ChemSpider for both Mass and
Formula Ranking
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|dentification ranks for 1783 chemicals

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

using multiple data streams -z

Data Sources alone
rank ~75% of the
chemicals as Top Hit

100

] ] — — B B Top Hit
1 Top &
B Top 10

80 A | P~

60 ~ — DS: Data Sources
PC: PubChem

PM: PubMed

STOFF: DB

409 KEMI: DB

% of total chemicals

20 H
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Prototype Work in Progress

« CFM-ID

— Viewing and Downloading pre-predicted spectra
— Search spectra against the database

» Structure/substructure/similarity search
 Access to APl and web services

* Integration to EPA "Chemical Transformation
Simulator”
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Predicted Mass Spectra

http://cfmid.wishartlab.com/

% Utilities+ Help Data Publications Contact Us

CFM-ID

Competitive Frugmeht-_::t_ion' Modeling for Metabolite [ dentification

« MS/MS spectra prediction for ESI+, ESI-, and El

* Predictions generated and stored for >800,000
structures, to be accessible via Dashboard

DTXCID00916157
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Spectral Viewer Comparison SEPA

Ervsironmientsl Protection
Agency
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Published: Alex Chao et al

Analytical and Bioanalytical Chemistry

RESEARCH PAPER

In silico MS/MS spectra for identifying unknowns: a critical
examination using CFM-ID algorithms and ENTACT mixture samples

Alex Chao "2 - Hussein Al-Ghoul ' - Andrew D. McEachran ' - llya Balabin® - Tom Transue®* - Tommy Cathey* -
Jarod N. Grossman?? - Randolph Singh'~ « Elin M. Ulrich? - Antony J. Williams® - Jon R. Sobus?

Received: 4 October 2019 /Revised: 27 November 2019 / Accepted: 11 December 2019
(© The Author(s) 2019
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CASMI 2012-2017 revisited

101010!

Q,fo ’ﬂl hllu' I

Critical Assessment
of Small Molecule Identification

The experimental and computational mass spectrometry communities are invited to
participate in the fifth round of an open contest on the identification of small molecules
from mass spectrometry data.

This year the contest will test the applicability of MS and MS/MS on natural products chemistry
identifications. With 45 (Category 1) and up to 243 (Categories 2&3) natural products challenges -
including a few tricky ones - there’s something for everyone!

* Application of metadata candidate ranking
and CFM-ID to all five years of CASMI data
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United States

Agency

Revisiting Five Years of CASMI Contests with EPA
Identification Tools

by L “ Andrew D. McEachran = , L " Alex Chao ' ™ ,'L" Hussein Al-Ghoul 1 & . L" Charles Lowe 2 &

(! christopher Grulke 2 89 (! Jon R. Sobus 2 89 and { ! Antony J. Williams 2" &

T Oak Ridge Institute for Science and Education (ORISE) Participant, 109 T.W. Alexander Drive, Research Triangle Park, NC
27709, USA

2 Center for Computational Toxicology and Exposure, Office of Research and Development, U.S. Environmental Protection
Agency, 109 T.W. Alexander Drive, Research Triangle Park, NC 27709, USA

" Authors to whom correspondence should be addressed.

Metabolites 2020, 10(6), 260; https://doi.org/10.3390/metabo10060260

Received: 3 May 2020 / Revised: 3 June 2020 / Accepted: 17 June 2020 / Published: 23 June 2020
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rototype Development

AADashboard

atrazine
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Dashboard access to data for ~883,000 chemicals
MS-Ready data facilitates structure identification

Related metadata facilitates candidate ranking

Relationship mappings and
chemical lists of great utility

Curation and mutual
sharing of chemical lists is
important (e.g. NORMAN)
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