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Overview: ldentification with HR-MS
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Helmus et al. submitted; preprint available from https://www.researchsquare.com/article/rs-36675/v1 DOI: 10.21203/rs.3.rs-36675/v1



https://www.researchsquare.com/article/rs-36675/v1
https://dx.doi.org/10.21203/rs.3.rs-36675/v1

Our (Community) Challenge: Identifying Chemicals
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Data: Schymanski et al 2014, Environ. Sci. Technol. DOI: 10.1021/es4044374; Hollender et al 2017 DOI: 10.1021/acs.est.7b02184



http://pubs.acs.org/doi/abs/10.1021/es4044374
http://pubs.acs.org/doi/abs/10.1021/acs.est.7b02184

Our (Community) Challenge: Identifying Chemicals
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Suspected Neurotoxicants Hundreds q Chemica|S

Mass Spectral Libraries ~20,000 s MassBank.eu

CompTox Dashboard ~882,000 \‘J’EPAM
Pub@hern
@ PubChem

Schymanski et al, DOI: 10.1021/es4044374; Schymanski & Williams, DOI: 10.5281/zenod0.3242674; Vermeulen et al DOI: 10.1126/science.aay3164



http://pubs.acs.org/doi/abs/10.1021/es4044374
http://doi.org/10.5281/zenodo.3242674
http://science.sciencemag.org/content/367/6476/392
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Schymanski et al, 2014, ES&T. DOI: 10.1021/es5002105 & Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7



https://doi.org/10.1021/es5002105
https://doi.org/10.1007/s00216-015-8681-7

Key Resources for Identification / Annotation

o Compound Databases
« A collection of structures, their properties and associated information
« Generally little or no spectral data, rather structures & links

« Largest have >100 million structures in them
« But don’t assume that everything is in there — it isnt!!!!

o Key examples mentioned today:

* PubChem: https://pubchem.ncbi.nlm.nih.gov/ Pub@hem

« CompTox: https://comptox.epa.gov/dashboard/ <EPA



https://pubchem.ncbi.nlm.nih.gov/
https://comptox.epa.gov/dashboard/

Key Resources for Identification / Annotation

o Mass Spectral Databases or Libraries
« A collection of structures, mass spectra and associated information

* NIST and Wiley are widely accepted for GC-EI/MS
« Together >1.2 million spectra of 707,000 compounds
« MS/MS databases are growing, none are yet “established”
« Together > 2 million spectra, but only approx. 40-80,000 compounds
« MS/MS available for only ~0.1-4 % of relevant exposomics resources
(see next slide)

o Key resource(s) mentioned today: n' MassBank.eu
« MassBank EU: http://massbank.eu/MassBank

MoNA
« MoNA: https://mona.fiennlab.ucdavis.edu/ YT T



http://massbank.eu/MassBank
https://mona.fiehnlab.ucdavis.edu/
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H. Oberacher et al. (2020) Environmental Sciences Europe 32: 43. DOI: 10.1186/s12302-020-00314-9



https://doi.org/10.1186/s12302-020-00314-9

Confidence Levels for Tentative Structures
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I —
SLCHU'\ J_ N Level 2: Probable structure
- a) by library spectrum match MS, MS?,
b) by diagnostic evidence
____________ — ) o ¢ L s MassBank.eu
—ﬁ_ou SPA-9C

| Level 3: Tentative candidate(s)

m n 2
o structure, substituent, class MS, M55 o2
H3Ce, * rag

Noe)

I A

A |

e

L_C_GL'I_S'_\IEQ:‘_E Level 4: Unequivocal molecular formula  MS isotope/adduct
i__1_9_2_57_5_7“i { Level 5: Exact mass of interest MS

10

Schymanski, Jeon, Gulde, Fenner, Ruff, Singer & Hollender (2014) ES&T, 48 (4), 2097-2098. DOI: 10.1021/es5002105



https://pubs.acs.org/doi/abs/10.1021/es5002105
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o MS-ready groupings ... or not \elEPAm

o MetFrag + PubChem + MassBank + Isobars

o Compound Databases and Spectral Libraries
o Introduction to MetFrag: MS/MS and Metadata

o MetFrag + CompTox + MassBank + Nicotine

o The relevance of spectral matching! 5.4 MassBank.eu
o Future: MetFrag for High Throughput Exposomics
o Build your own databases ... PubChemLite PUb©hem
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MetFrag: In silico non-target identification

Status: 2010
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Wolf et al, 2010, BMC Bioinf. 11:148, DOI: 10.1186/1471-2105-11-148



MetFrag 2010 vs MetFrag Relaunched saluti#ns

Test set of 473 Eawag Target Substances http://ipb-halle.github.io/MetFrag/

MetFrag New MetFrag

2010 Fragments
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PubChem? 1) W
Top 1 Ranks " e (OO«\ 30
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‘\\ 6
S
lwww.chemspider.com; ~34 million entries
2https://pubchem.ncbi.nim.nih.gov/; ~74 million entries 13

Ruttkies, Schymanski, Wolf, Hollender, Neumann, J. Chem. Inf., 2016, http://jcheminf.com/content/8/1/3



Connecting multiple lines of evidence for identification
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Data: Schymanski et al 2014, DOI: 10.1021/es4044374; https://www.slideshare.net/EmmaSchymanski/small-molecules-in-big-data-analytica-munich



http://pubs.acs.org/doi/abs/10.1021/es4044374
https://www.slideshare.net/EmmaSchymanski/small-molecules-in-big-data-analytica-munich
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Ruttkies, Schymanski, Wolf, Hollender, Neumann (2016) J. Cheminf., 2016, DOI: 10.1186/s13321-016-0115-9



https://doi.org/10.1186/s13321-016-0115-9
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MetFrag2.2 & Non-target ldentification saluti*ns
Test set of 473 Eawag Target Substances
MetFrag New MetFrag New MetFrag
2010 Fragments +References
only +Retention time
ChemSpider?
Top 1 Ranks 73 105 420
% Top 1 Ranks 15 % 22 % 89 %
PubChem?
Top 1 Ranks - 30 336
% Top 1 Ranks - 6 % 71 %

Similar results with 3 independent datasets of 310, 289 and 225 substances
from Eawag and UFZ (www.massbank.eu)

lwww.chemspider.com; ~34 million entries http://ipb-halle.github.io/MetFrag/
2https://pubchem.ncbi.nim.nih.gov/; ~74 million entries 16

Ruttkies, Schymanski, Wolf, Hollender, Neumann, J. Chem. Inf., 2016, http://jcheminf.com/content/8/1/3



http://jcheminf.com/content/8/1/3
http://www.massbank.eu/

State of the Art iIn Small Molecule Identification

Metadata is critical to improving annotation of known unknowns!
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Schymanski et al, 2017, J Cheminf., DOI: 10.1186/s13321-017-0207-1 www.casmi-contest.org



https://link.springer.com/article/10.1186/s13321-017-0207-1
http://www.casmi-contest.org/
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MetFrag + CompTox + MassBank + Nicotine
o MS-ready groupings ... or not
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o The relevance of spectral matching!
Future: MetFrag for High Throughput Exposomics

o Build your own databases ... PubChemlLite
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MetFrag + CompTox + MassBank + Nicotine

» @ ® © @& https://msbiipb-halle.de/MetFrag/ oo T v Iin 0O ¢

Database Settings

° J IF;?:_E"‘ (1631227 || [M+H]+ - || calculate |

Neutral Mass: (162.11542 | Searchppm: (5 |
Formia | | https.//msbi.ipb-halle.de/MetFrag/

Identifiers: [ ‘

Database: { CompTox_07March19_Sm

{ Retrieve Candidates J W) 225 Candidates { Download Candidates J

» Candidate Filter & Score Settings

Fragmentation Settings & Processing

MS/MS Peak list

Mzppm: 5
70.065 454569.9 3 ~
78.0334 160392.5 1
Mzabs: 0.001 80.0494 143659875
115
: 82.065 352108.2 2
Mode: [[M+H]+ -4 84.0807 21553065.2
172
I 91.0541 243012.2 1
Tree depth: 2 - 92.0494 1173136.6 9
P LJ 93.0571 190301.4 1
94.065 1842197.314 ,

Group candidates i :
{ Show Spectrum J

Process Candidates ‘ ‘ Download Parameters ‘



https://msbi.ipb-halle.de/MetFrag/

MetFrag + CompTox + MassBank + Nicotine

o) United States
N Environmental Protection
\’ Agency

Home

Advanced Search  Batch Search  Lists w Predictions

Downloads

EXECUTIVE SUMMARY

PROPERTIES

ENV. FATE/TRANSPORT

HAZARD

» EXPOSURE

P BIOACTIVITY

SIMILAR COMPOUNDS

GENRA (BETA)

RELATED SUBSTANCES

SYNONYMS

» LITERATURE

LINKS

« INicotine

Searched by Approved Name.

DETAILS

N
= CHs
NN

54-11-5 | DTXSID1020930

Wikipedia

Nicotine is a stimulant and potent parasympathomimetic alkaloid that is naturally produced in the nightshade
family of plants. It is used for the treatment of tobacco use disorders as a smoking cessation aid and nicotine
dependence for the relief of withdrawal symptoms. Nicotine acts as a receptor agonist at most nicotinic
acetylcholine receptors (NAChRs), except at two nicotinic receptor subunits (NAChRa9 and nAChRat10) where it

acts as a receptor antagonist

Read more

Intrinsic Properties

Iy Molecular Formula: CipHq4N> & Mol File
Yy Average Mass: 162.236 g/mol

Y Monoisotopic Mass: 162.115698 g/mol

Structural Identifiers

Linked Substances

Presence in Lists

Federal

LIST:Hazardous Substances Data Bank

Q. Find All Chemicals

Ll |sotope Mass Distribution
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https://comptox.epa.gov/dashboard/dsstoxdb/results?search=nicotine



https://comptox.epa.gov/dashboard/dsstoxdb/results?search=nicotine

MetFrag + CompTox + MassBank + Nicotine

MassBank Record: EQ300801

Home | Search | Record Index | Data Privacy | Imprint|  MassBank ID:| | Go |

Nicotine; LC-ESI-QFT; MS2; CE: 15; R=35000; [M+H]+

Mass Spectrum

1000 ]
800.0
600.0
400.0

200.0

0.000- +—! | - |

Options
e Labels

[
80.00 100.0 120.0 140.0 160.0

PKS NUM_PEAK : 9
PKSPEAK: m/z int. rel.int.

ACCESSION: EQ300801
RECORD TITLE:

Nicotine; LC-ESI-QFT; MS2; CE: 15; R=35000; [M+H]+ 8 0 . 0494 6261028 . 7 23
84.0807 13197924.1 50
94.065 967625.9 3
106.065 24640249.3 93

117.0572 3192413.5 12
120.0807 8648923.7 32
130.0651 24669353.9 93
132.0807 80112590.7 304
163.1229 263120223.6 999

//

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300801&dsn=Eawaqg

Chemical Structure

N

N

N
s
A
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https://massbank.eu/MassBank/RecordDisplay.jsp?id=EQ300801&dsn=Eawag

MetFrag + CompTox + MassBank + Nicotine

o https://msbi.ipb-halle.de/MetFrag/
o CompTox is integrated as a “Local Database”

MetFrag

{: rag In silico fragmentation for computer assisted identification of metabolite mass spectra

Database Settings

Database: [CompTox_OTMarch‘lg_S;. -
PSV " Database Settings
Neutral Mass: SDF
Formula: Local Databases :
' CompTox_01May18_AllMetaData Database: [ComPTOX 07March19_Se| ~ ‘

CompTox_01May18_SelectMetaData

Neutral Mass: ‘ 162.11576 Search ppm: ‘

4 Retrieve Candidate CompTox 01May18_ SelectMetaDataPlu .
< > Formula: [C10H14N2 1

Identifiers:

» Candidate Filter & Scol

Identifiers: { ]

SEETENETIGGEICEIN §) 225 Candidates



https://msbi.ipb-halle.de/MetFrag/

MetaData is included in CompTox

Candidate Filter & Score Settings

Candidate Filters

D Element Inclusion

L

O § § ¢ §& O

Element Exclusion

Substructure Inclusion

Substructure Exclusion

Substructure Information

Minimu

Maximi

Suspe

[=T ) °

@ DATA_SOURCES

[ | ECOTOX

|| EXPOCAST_MEDIAN_EXPOSURE_PREDICTION_MG/KG-BW/DAY
|| KEMIMARKET

[ | MzcLouD

B NORMANSUSDAT

|| NUMBER_OF_PUBMED_ARTICLES

# PUBCHEM_DATA_SOURCES

[ | Tox21sL

i TOXCAST_PERCENT_ACTIVE
o] item(s) selecte

MetFrag Scoring Terms

D Substructure Inclusion

D Substructure Exclusion

Retention Time

Suspect Inclusion Lists

Spectral Similarity (MoNA)

Exact Spectral Similarity (MoNA)

O B £ &€ O

Statistical Scoring

Database Scoring Terms

Select Item(s) 0 of 10 item(s) selected
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Include MS/MS and mode from MassBank Record

Fragmentation Settings & Processing

Mzppm:

Mzabs:

Mode:

Tree depth:

Group candidates

!

10001

[M+H]+

. ‘

|

’ Process Candidates ‘

MS/MS Peak list

80.0494 6261028.7 23
84.0807 13197924.1 50
94.065 967625.9 3
106.065 24640249.3 93
117.0572 3192413.512
120.0807 8648923.7 32
130.0651 24669353.9 93
132.0807 80112590.7
304
163.1229 263120223.6
999

‘) Show Spectrum ‘

‘ Download Parameters ‘

24




Check Spectrum

Spectrum View

Select area to zoom in. Double click to return.

1000 .
750 -
=
S 500
=t
c
250 -
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Process Candidates (Grouped)

Fragmentation Settings & Processing
MS/MS Peak list
Mzppm: 5

80.0494 6261028.7 23

84.0807 13197924 .1 50
Mzabs: ‘ 0.001 94 .065 9676259 3

‘ ' 106.065 24640249.3 93

‘ 117.0572 3192413.5 12

Mode: ‘ [M+H]+ v 120.0807 8648923.7 32

‘ 130.0651 24669353.9 93

S 132.0807 80112590.7

Tree depth: 2 j 304

‘— 163.1229 263120223.6
999

Group candidates i

{ Show Spectrum J

Process Candidates W) 225 Candidates processed { Download Parameters J




Process Candidates (Grouped)

Candidate Score Distribution

Score
L ]

B Final Score

I MetFrag

I ExactSpectralSimilarity

I DATA_SOURCES

B NORMANSUSDAT

Bl PUBCHEM_DATA_SOURCES
Il TOXCAST_PERCENT_ACTIVE

80 100 120 140 160 180

Candidate Index

Select area to zoom in. Double click to return.

Click on dot to scroll to candidate in the Results tab.

27




Process Candidates (Grouped) — Zoomed In

Candidate Score Distribution

6
I Final Score
5 ®
b B MetFrag
| ExactSpectralSimilarity
4 - e | DATA_SOURCES
I NORMANSUSDAT
E 3 4 L I PUBCHEM_DATA_SOURCES
o ® Il TOXCAST_PERCENT_ACTIVE
A 2] o
L * ® .
L ]
1. L] L L] * L L [ ® L] L [ ] (] [} Y - [
0 4 — —
-1 - - - - - - - - - - - - -
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Candidate Index

2 Export Select area to zoom in. Double click to retum.
Click on dot to scroll to candidate in the Results tab.
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Results Overview (Grouped)

MetFrag (1st)

ExactSpectralSimilarity (2nd)

DATA SOURCES (3rd) o ) @ %
NORMANSUSDAT (4th) T | 100 | %
PUBCHEM_DATA_SOURCES (5th) L) | 100 | %
TOXCAST_PERCENT_ACTIVE (6th) @I | 100 | %

Experimental evidence / values

[ Download Results J

Filter Candidates by explained MS/MS Peaks

[Ms.'ms Peaks‘ - H Filter Candidates

# Molecule Identifier ‘ Mass ‘ Formula ‘ Normalized Scores ‘ FinalScore Details
DTXSID1020930 &
DTXSID3048154 A Peaks:6/8
DTXSID20237235 JE
4 N DTXSID8021725 of Fragments
1 'i' \ DTXSID0046351 162.11576 C1oH14N2 > ) _ _ _ _ 5.1739 )
CH, s DTXSID6020931 [ e
DTXSID80442666 v & ——
Nicotine & e — [m
InChiKeyBlock1 = 0.0 0.2 0.4 0.6 0.8 1.0
SNICXCGAKADSCV
DTXSID8057855
DTXSID40176612 A Peaks: 6 /8
DTXSID40193102 a R
DTXSID90296632 ,‘)@ Fragments
2 N/\ DTXSID50293046 162.11576 |  CqoH14N2 Ay s e ! 3.943 _
K/NH DTXSID00293011 L Scores
DTXSID50296633 , 0)-6‘ | | I I 1
Phenylpiperazine GS\ . : : ‘ L ﬂj 29
InChiKeyBlock = 0.0 0.2 0.4 0.6 0.8 1.0
VZT IVR ICZY7CCT



Fragments View

Select area to zoom in. Double click to return.
Click on apex of explained peak to select fragment.

B matched
I not matched
B excluded

1000

2

Intensity

i

/- Fragment 1

Peak m/z: 80.0494

Fragment Mass:  80.0495 Da

Fragment Formula: [CsH4N+H]+H*
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Scores View

core f1en
DLUICS VIGVY

Candidate Name: Nicotine
Candidate Identifier: DTXSID1020930|6575

Normalized

©  ExactSpectralSimilarity 1.0

NORMANSUSDAT
PUBCHEM_DATA_SOURCES
TOXCAST_PERCENT_ACTIVE

Nicotine: S

pectral Match=1.0

Level 2a
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Download Results

CSV i XLS ju SDF




Download Results

 Tell me what you want to do...

J

K

MetFragWeb_Candidates.csv [Read-Only] - Excel

L

M

Eal O

Emma SCHYMANSKI & Share

N 0O P

Q R

“n

HS- o $- -

File Home Insert Pagelayout Formulas Data Review View
Al - I Score

A B | C | D | E | F | G | H

1 |Score lMonoisot:SMlLES MetFrag NORMANS!NumberPe NoExplPezInChl
2 5.1739 162.1158 CN1CCCCI 246.1725 1 8 6 InChI=1S/t
3 | 3.943 162.1158 C1CN(CCN 221.7454 1 8 6 InChI=1S/t
4 2.9337 162.1158 CNC=NC1- 283.0788 1 8 6 InChI=1S/t
5 | 24343 162.1158 C1CCC(NC  242.37 1 8 6 InChI=1S/t
6  2.1791 162.1158 C1CCN(CC 168.6037 1 8 6 InChI=1S/t
7 17506 162.1158 CN(C=N)C! 260.9761 1 8 8 InChI=1S5/t
8 1.606 162.1158 C=C(CCCC 158.1119 1 8 5 InChI=1S/t
9  1.5679 162.1158 CN(C)C=N( 114.2272 1 8 5 InChI=1S/t
10 1.3784 162.1158 CN1CCCCz 310.8351 NA 8 8 InChI=1S/t
11 1.2997 162.1158 NC1=CC=C 261.4781 NA 8 8 InChI=1S/t
12 1.2779 162.1158 CICNC(CN 221.7454 NA 8 6 InChI=1S/i
13 1.2728 162.1158 NCCC1CN( 350.0391 NA 8 8 InChI=1S/i
14 1.2723 162.1158 NCCN1CC( 331.6514 NA 8 7 InChI=1S/i
15 1.2593 162.1158 CCC(C)N=I 7.422141 1 8 1 InChl=15/1
16 1.2325 162.1158 NC1=CC(=' 261.4781 NA 8 8 InChI=1S/t
17 1.2034 162.1158 NC1=CC=C 261.4781 NA 8 8 InChI=1S/t
18 1.2028 162.1158 NCC1CC2= 338.6155 NA 8 8 InChI=1S/t
19 1.1697 162.1158 CNCICNCI 350.6513 NA 8 8 InChI=1S/t
20 1.1687 162.1158 C1CC(CCN 241.0642 NA 8 6 InChI=1S/

DATA SOlExactSpec PUBCHEM Identifier TOXCAST ExplPeaks Compouni Molecular MetFrag \FormulasOfExp
127 DTXSID10; 2.489019 80.0494 7Nicotine C10H14N2448.0;348, 80.0494:[C5H4
135 DTXSID80! 4.545455 80.0494 7PhenylpipC10H14N21834.0;19:80.0494:[C5H6

39 DTXSID10: 0.473934 80.0494 7N'-(2,4-Dir CLOH14N21529.0;16:80.0494:[C5H5

126
41
39
49
11

Ul oW

10

B oW NN W

17

BN R RN

1
0
0.44262
0
0

o O
=
-

O 0O 0O 0000000 0O OoO

50 DTXSID90«
84 DTXSID20:NA
DTXSID70¢NA
17 DTXSID80:NA
23 DTXSID40(NA
66 DTXSID10: NA
75 DTXSID10:NA
87 DTXSIDGO: NA
37 DTXSID80!NA
46 DTXSID30: NA
14 DTXSIDS0! NA
67 DTXSID90: NA
62 DTXSIDG0: NA
34 DTXSID20: NA
25 DTXSID60: NA
65 DTXSID40:NA

0 80.0494 7L-3-(2'-Pip C10H14N2448.0;348.80.0494:[C5H4

80.0494 74-Piperidy C10H14N2405.0;305.80.0494:[C5H4
80.0494 7N-(2,4-Din C10H14N21629.0;17:80.0494:[C5H7
80.0494 75-Methyle CLOH14N2960.0;348.80.0494:[C5H6
80.0494 7Methanim C10H14N21529.0;16:80.0494:[C5H5
80.0494 71-Methyl-:C10H14N21529.0;15:80.0494:[C5H6
80.0494 74-(pyrrolicC10H14N21224.0;13:80.0494:[C5H6
80.0494 72-Phenylp C10H14N21834.0;19:80.0494:[C5H6
80.0494 72-(2,3-Dih'C10H14N21529.0;15:80.0494:[C5H5
80.0494 72-(2,3-dihnC10H14N21529.0;15:80.0494:[C5H5
80.0494 7Phenylhyd CLOH14N2 1733 80.0494:[C5H4
80.0494 73-(pyrrolicC10H14N21224.0;13:80.0494:[C5H6
80.0494 72-pyrrolid C1OH14N21224.0;13:80.0494:[C5H6
80.0494 71-(1,2,3,4- C10H14N21529.0;16:80.0494:[C5H6
80.0494 7(R)-N-Met C10H14N21529.0;15:80.0494:[C5H6
80.0494_7 4-(piperid C10H14N2448.0;348,80.0494:[C5H4

A=A L PR PI T PPy A= PP TR

7 MetFragWeb_Candidates | @

q

»

You can try this entire example offline — see Example 1 in documentation

-
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‘MS dy” Form: G dvs U d J 7 i
- B
ready rorm. srouped vs ungroupeada... Y AH5TE
e | BB BODEDEEREYEY
# Molecule | Identifier Mass Formula Normalized Scores FinalScore Details
Q
DTXSID1020930
A
O 5 [or—— Peaks: 6 /8
‘ DTXSID3048154 ~ N eans:
DTXSID20237235 f\gxb ] —
7 '\“ DTXSID8021725 S | Fragmens
1 ri' DTXSID0046351 162.11576 CqoH14N> > ) 5.1739
CH, === DTXSID6020931 w | Scores
DTXSID80442666 ., o o -
Nicotine & \w‘
InChiKeyBlock1 = 0.0 0.2 0.4 0.6 0.8 1.0
SNICXCGAKADSCV
L) L 85U ‘o]
! S ——
- N
J CH LEGEND: Name, SMILES
o DTXSID40476612 ~ = | 3 DTXSID | InChIKey 1% Block
DTXSID40%93102 N N | ” N CAS | MonoisP. Mass | logP | Sources
DTXSID90206632 ", Data on: Toxicity | Exposure | Bioassays )
2 N/\ DTXSID50243046 162.11 D-Nicotine : N
K/NH DTXSID00293011 CN1CCC[C@ @H]1C1=CN=CC=C1 =~ TH?'
DTXSID50296833 Nicotine DTXSID0046351 | SNICXCGAKADSCV “~ | N
. . CN1CCC[C@H]1C1=CN=CC=C1 25162-00-9 | 162.1157] 0.929] 20
Phenylpiperazine DTXSID1020930| SNICXCGAKADSCV Tox: no| Expo: yes| Bioassay: yes
InChlKeyBlock1 = 54-11-5 | 162.1157| 0_'929| 72 \ Hel
YZTJYBJICZXZGCT Tox: yes| Expo: yes| Bioassay: yes
Nicotine hydrochloride
cH, jo Cl.CN1CCC[C@H]1C1=CN=CC=C1
| DTXSID1037696 W DTXSID6020931 | HDJBTCAJIMNXEW
AN, ° oH MS-ready 2820-51-1 | 198.0924 | 0.929] 9
|| NS DL-Nicotine Tox: no| Expo: yes| Bioassay: yes
N. OH
DTXSID10199510 CN1CCCC1C1=CN=CC=C1 —
3 DTXSID30746868 162.11 N—Ms DTXSID3048154 | SNICXCGAKADSCV
H,C CH, ’ 22083-74-5 | 162.1157] 0.953| 9 2
, Benzoic acid, 2-hydroxy-, compd. with Tox: yes| Expo: no| Bioassay: yes zH)(N
_ N'-(2,4- 3-[(25)-1-methyl-2-pyrrolidinyl]pyridine (1:1) S ’H
- - -Nicotine-
Dimethylphenyl)- InChIKeyBlock1 = 0C(=0)C1=C(0)C=CC=C1.CN1CCC[C@H]1C1=CN=CC=C1 X
N-methylformamidin JIOLEGNERQDIP DTXSID5075319] AIBWPBUAKCMKNS [2H]C([2H])([2H])N1CCCC1C1=CN=CC=C1 |
e 29790-52-1| 300.1474| 0.929| 6 DTXSID80442666 | SNICXCGAKADSCV P
Tox: no| Expo: yes| Bioassay: no 69980-24-1| 165.1345] 0.929] 1
DTXSID9041607 Tox: no| Expo: no| Bioassay: no
- A
o) | | I s | | 34

McEachran et al. 2018, DOI: 10.1186/s13321-018-0299-2; S

chymanski & Williams, 2017 ES&T DOI: 10.1021/acs.est.7b01908



https://doi.org/10.1186/s13321-018-0299-2
https://pubs.acs.org/doi/abs/10.1021/acs.est.7b01908

Process Candidates (Ungrouped)

Fragmentation Settings & Processing

Mzppm:

Mzabs: 0.001

Mode: IM+H]+

Tree depth:

l Process Candidates J ) 225 Candidates processed

Statistics

MS/MS Peak list

80.0494 6261028.7 23
84.0807 13197924.1 50
94.065 967625.9 3
106.065 24640249.3 93
117.0572 3192413.5 12
120.0807 8648923.7 32
130.0651 24669353.9 93
132.0807 80112590.7 304
163.1229 263120223.6
999

Show Spectrum

{ Download Parameters J

Score

Candidate Score Distribution

6
Il Final Score
5 e
| B MetFrag
I ExactSpectralSimilarity
4 e Bl DATA_SOURCES
Il NORMANSUSDAT
3 4 \ Il PUBCHEM_DATA_SOURCES

Il TOXCAST_PERCENT_ACTIVE

120 140

Candidate Index




Process Candidates (Ungrouped)

< B2lzlalls)is)iz)eo 0] [ )o)

36

# ‘ Molecule Identifier ‘ Mass ‘ Formula | Normalized Scores | FinalScore | Details
( ' ' ' —.. ‘N |A
NS Peaks: 6/8
’\S\b
g N DTXSID1020930 > ) ‘ Fragments ‘
N \ s
C1oH14N
1 L, - InChiKeyBlock1 = 162.11576 10H14N2 >‘§\ 5.1739 ‘ —
s SNICXCGAKADSCV > ‘
4 5
Nicotine ‘06\ ‘ Download |
0.0 0.2 0.4 0.6 0.8 1.0
<o
| X Peaks: 6/8
s »
DTXSID8057855 > 1 o ‘ Fragments |
5
N . C1oH14N 3
’ Q\IH J0ChIKeyBlocklss S e “6\ o ‘ Scores.
YZTJYBJCZXZGCT <
b
Phenylpiperazine & ‘ Dovmond
0.0 0.2 0.4 0.6 0.8 1.0
<|:H3 >
HN"""I Ol oF Peaks: 6 /8
b —_—
Nj@\ DTXSID1037696 '\i o | Fragmems |
»
CqgH14N
3 e i InChiKeyBlock1 = 162.11576 10H14N2 & = 2.9337 ‘ — )
JIIOLEGNERQDIP 3> S ‘
N-(2,4- —— 4 kA
Dimethylphenyl)- S = | Download |
N-methylformamidin NN N2 NA NA NR 10
NS \ Peaks: 6/ 8
O
S~ DTXSID3048154 "5; e  rragmens |
N \ 5
4 ClH — InChlKeyBlock1 = 16211576 CoH1aN2 & o #8602 { S |
* SNICXCGAKADSCV R
& o
DL-Nicotine & e
0.0 0.2 0.4 0.6 0.8 1.0
=
WS Peaks: 6 /8
d
S~ DTXSID20237235 8 S ——
N \ » )
5 v.l,H — InChlKeyBlock1 = 16211576 CroH1aN2 ty ° ree8 ‘ S |
: SNICXCGAKADSCV > 9 |
4 ®
(S)-Nicotine dicitrate & / ‘ Downloed )
0.0 0.2 0.4 0.6 0.8 1.0 J




Plan for Today

O

O

O

O

O

Background
o Non-target Screening & Identification Confidence
o Compound Databases and Spectral Libraries
Introduction to MetFrag: MS/MS and Metadata
MetFrag + CompTox + MassBank + Nicotine
o MS-ready groupings ... or not
MetFrag + PubChem + MassBank + Isobars
o The relevance of spectral matching!
Future: MetFrag for High Throughput Exposomics

o Build your own databases ... PubChemlLite

[Non~target HR-MS(/MS) Acqu\'siﬂon]

) I ———— T ———— = T
(Targetlist) (Suspectlist, library Peak |
) I I

Peak picking or XICs | .PfC’f"”Q_/.
¥ 1

Suspect Non-target )
Screening Screening )

2o

SEPA B2

sill MassBank.eu

Pub@hem

37




Isobars: The tricky cases!

12 -]

cl _ cl _ cl
S ' PR | (no related PY
S el SN TN e JN|\\)N\ | compound at A T
" D 3 !
z S ’ C><NHJ\N/)\NH/\CH3 H:%C\)\NH N7 NH > CH| this mass) ch)\NHJ\N/)\NHJ\CH3
Qg : '
T Terbutylazine Sebutylazine Propazine
O E Detects: 12; # Refs: 220 Detects: 3; # Refs: 51 . Detects: 3; # Refs: 201
_______________ I e M.
4 | v | v ’ ! )
8 j'\ j'\ i j'\ _ (no related
2 R cHy N7 NN CH, NI SN N7 N compound at
£ R He | ; | @ i
Uﬁ S' . ?(NHJ\N/)\NH H3C\)\NHJ\N/)\NH2 H3C/\NHJ\N/)\NH/\CH3 this mass)
I o 3 i :
~ N 1 ] ' Q
© &N Terbutylazine-desethyl | Sebutylazine-desethyl | Simazine ]
L & | Detects: 9; #Refs: 92 | Detects: 1; # Refs: 14 | Detects: 4; # Refs: 518 | )
(@) : OH E OH E OH :
Q i i ; (no related
o e CHst\I)j‘\ 5 CHy NIJQN | NIJQN | compound at
LN [ ! ! ! .
Zm i : H C7<NH N/ NH, ;H3C\)\NHJ\N/)\NH2 : H3C/\NHJ\N/)\NH/\CH3 : this maSS)
T &« @ ? | |
~ ! ! i
= Q| Terbutylazine-desethyl- © Sebutylazine-desethyl- | Simazine-2-hydroxy
S 2-hydroxy 2-hydroxy ;
Detects: 2; # Refs: 57 Detects: O; # Refs: 3 | Detects: 2; # Refs: 66 38

Schymanski et al. 2015, ABC, DOI: 10.1007/s00216-015-8681-7



https://doi.org/10.1007/s00216-015-8681-7

NORMAN Digital Sample Freezing Platform
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Leaflet | Maps by MapI;ux

Image prowded by N|k|foros Alygizakis. DSFP: Alygizakis et al, 2019, TrAC, DOI: 10.1016/].trac.2019.04.008



https://doi.org/10.1016/j.trac.2019.04.008

MetFrag + PubChem + MS/MS + Metadata

MetFrag

{: rag In silico fragmentation for computer assisted identification of metabolite mass spectra

Database Settings

Database: "PubChem x ‘ Include references: i ::;r:ent E
Neutral Mass: F201.0?816 }Search ppm: | 5

Formula: 'C7H12CINS }

|dentifiers: ‘

CEQETNLLILGEICN §) 73 Candidates Download Candidates

40

Schymanski (2019). ChemInChlformatics: IUPAC's Role in the Environmental Monitoring Revolution. DOI: 10.5281/zenodo0.3270900



http://doi.org/10.5281/zenodo.3270900

MetFrag Web Interface — Add MS/MS Details

MetFrag

{: rag In silico fragmentation for computer assisted identification of metabolite mass spectra

Fragmentation Settings & Processing

MS/MS Peak list
Mzppm: 5

57.0699 34824.5 11
61.9792 27260 8
Mzabs: 0.001 68.0244 499632.7 162
S 79.0069 755457.7 245
104.0011 904831.9 293

Mode: {[M+H]+ B4 110.0462 250173.3 81
~ Spectrum View * 128.0568 46548.7 15
o OElECt area to zoom in. Double click to return. 146023 30??7632 ggg
Tree depth: {2 1000 |
750
Group candidates i z ——
250
Process Candidates | N | l P Download Parameters |
o 0P 1P 4P (B (P (B (P P (P P (PP PP P (PP
m/z
.2 Export | 4l

https://massbank.eu/MassBank/RecordDisplay.jsp?id=EA067112&dsn=Eawaqg



https://massbank.eu/MassBank/RecordDisplay.jsp?id=EA067112&dsn=Eawag

MetFrag + PubChem: add MS Library + Metadata

Candidate Filter & Score Settings

Candidate Filters

L

L

Element Inclusion

Element Exclusion

Substructure Inclusion

Substructure Exclusion

Substructure Information

Minimum Number Elements

Maximum Number Elements

Suspect Inclusion Lists

MetFrag Scoring Terms

[:| Substructure Inclusion

E| Substructure Exclusion

E| Retention Time

[:| Suspect Inclusion Lists

MoNA
MassBank of North America

n’ MassBank.eu

| Spectral Similarity (MoNA)

i Exact Spectral Similarity (MoNA)

J

L
s

L

& &

Literature Patents

Ll 5] 0

@ PubChemNumberPatents
@ PubChemNumberPubMedReferences

Select item(s) 2 of 2 item(s) selected

J

[ 74




MetFrag Results

Candidate Score Distribution

3.5
M Final Score
3.0 1 | MetFrag
2.5 J | ExactSpectralSimilarity
Bl PatentsCount
2.0 4 L] I PubMedReferenceCount
et
o 1.5 4
A
1.0 -
0.5
0.0 4
-0.5 - - - - - - - - - - - -
0 5 10 15 20 25 30 35 40 45 50 55 60 65
3.5 idate Index
o Export . 3.0 4 ® Select area to zoom in. Double click to return.
Click on dot to scroll to candidate in the Results tab.
2.5 4
o 2.0 1 * I Final Score
E 1.5 | | MetFrag
1.0 4 I ExactSpectralSimilarity
0.5 I PatentsCount
I FubMedReferenceCount
0.0 -
-0.5 - - - - 43




MetFrag Results — Metadata is good ... but ...

Weights

MetFrag (1st) ey [0 %
ExactSpectralSimilarity (2nd) Ty 100 %
PatentsCount (3rd) [ ™ @ %
PubMedReferenceCount (4th) Ty 100 %

{ Download Results J

Filter Candidates by explained MS/MS Peaks

{Msmls Peaks‘ - H Filter Candidates

i Molecule Identifier ‘ Mass ‘ Formula ‘ Normalized Scores FinalScore ‘ Details
') fal
7/
; ; Peaks: 4 /8
H,C. N 1} N CH,
N\If/“ @ l Fragments J
1 InChiKeyBlock1 = 201.078 C7H12CINg 2978 — J
ODCWYMIRDDJXKW l
6-chloro-N2,N4-
diethyl-1,3,5-triazine- ! y Y ! ' [ Download J
2,4-diamine 0.0 0.2 0.4 0.6 0.8 1.0
,'-_'_u
- H & Peaks: 6 /8
\% >< 3
N\.\'jh]l/"l’c Oy 108201 l Fragments J
C X C7H1>CIN |
2 a InChiKeyBlock1 = 201.078 Tz 20178 [ scoes |
LMKQNTMFZLAJDV
N2-tert-butyl- —
6-chloro-1,3 5- ———r— [ mload |
triazine-2,4-diamine 0.0 0.2 0.4 0.6 0.8 1.0

44

Schymanski (2019). ChemInChlformatics: IUPAC's Role in the Environmental Monitoring Revolution. DOI: 10.5281/zenodo0.3270900



http://doi.org/10.5281/zenodo.3270900

MetFrag Results - Consider Experimental Evidence!

— Download Results
MetFrag (1st) @) | 100 | % | |
ExactSpectralSimilarity (2nd) { — | 100 % Filter Candidates by explained MS/MS Peaks
PatentsComnt (50 S ———  MSIMS Peaks ~ | Filter Candidates
( )
PubMedReferenceCount (4th) oy | 100 %

i Molecule Identifier ‘ Mass ‘ Formula ‘ Normalized Scores ‘ FinalScore ‘ Details
- ~
’ .\
H H N °© \ Peaks: 4 /8
H,c,\/Mj/m\ﬁ/w\‘/cuj oy
N‘\If/\l 5216 r\g‘b © | Fragments |

2.978
| Scores |

Spectralulﬂ\_/létéh 0.2976

diethyl-1,3,5-triazine-
2,4-diamine 0.0 0.2 0.4 0.6 0.8 1.0

| Download |

,"_I
M N on Peaks: 6/8
YT
N\\PNr © - 108201 | Fragments |
. C7H12CIN _
g ' InChiKeyBlock1 = =L 7H12CIN5 20178

| Scores |

s Spectral Matcm O 9999 ‘ R

triazine-2,4-diamine
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Schymanski (2019). ChemInChlformatics: IUPAC's Role in the Environmental Monitoring Revolution. DOI: 10.5281/zenodo0.3270900
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Plan for Today

O

O

O

O

O

Background
o Non-target Screening & Identification Confidence
o Compound Databases and Spectral Libraries
Introduction to MetFrag: MS/MS and Metadata
MetFrag + CompTox + MassBank + Nicotine
o MS-ready groupings ... or not
MetFrag + PubChem + MassBank + Isobars
o The relevance of spectral matching!
Future: MetFrag for High Throughput Exposomics

o Build your own databases ... PubChemlLite

[Non—target HR-MS(/MS) Acquisition ]
E— E—

- S|
| Targetlist | |Suspect list, library Peak |
L I \ ‘

(___ Peak picking or Xf(is | \picking

Suspect Non-target )
Screening Screening )

2o

<EPA

l" MassBank.eu

Pub@hem

46




Connecting multiple lines of evidence for identification

f

N
m.ﬂrag sl MassBank.eu m Pub©hem EPA

\_ /

! J
|

Challenge: the growing number of candidates ...
High throughput exposomics needs both
wide coverage and high efficiency!

(.
& I Final Score
5 . . . . . T
Candidates with high information content i W
4 I DATA_SOURCES
Il NORMANSUSDAT
o 3 - . - . M

5 Candidates with low information content =~ 2 e o romes e

. | | | |

\ 0 20 40 60 80 100 120 140 160

Candidate Index 47

Data: Schymanski et al 2014, DOI: 10.1021/es4044374; https://www.slideshare.net/EmmaSchymanski/small-molecules-in-big-data-analytica-munich



http://pubs.acs.org/doi/abs/10.1021/es4044374
https://www.slideshare.net/EmmaSchymanski/small-molecules-in-big-data-analytica-munich

The 103 million Pub(Chem Challenge ..

U.S. National Library of Medicine

National Center for Biotechnology Information

500 masses = 2-3 hrs with CompTox or 2-3 DAYS with PubChem

~ PubChem Compound TOC ? 33,765,953

»

4

»

»

»

b

Chemical Safety ?

Agrochemical Information 2 2,002
1,539,532

3,467,416
Biomolecular Interactions and Pathways ? 409,610

Biologic Description ?

Biological Test Results 7

Chemical and Physical Properties ? 237,729

Classification ? 18,569,627

Diseases ?

Drug and Medication Information 2 415,955

Food Additives and Ingredients  ? 7,447
Identification ? 5746

Information Sources ? 20,654,780
Literature ? 1,668,437
Names and Identifiers ? 1,310,169
Patents ? 22,144,888

Pharmacology and Biochemistry 2 130,367
Related Records ? 5,297,096

Safety and Hazards ? 125,607

761,478
Structures ? 5,926,225
114,554

Spectral Information  ?

Toxicity ?
Use and Manufacturing ? 108,745

122,739

103 million ... OR ...
the most relevant / annotated?
PubChemLite tierO: 316 K
PubChemLite tierl: 360 K

January 14, 2020

PubChemlLite tierO and tier1

® Bolton, Evan; ® Schymanski, Emma

PubChemLite is a subset of PubChem (https://pubchem.ncbi.nlm.nih.gov/) selected from major
categories of the Table of Contents page at the PubChem Classification Browser
(https://pubchem.ncbi.nlm.nih.gov/classification/#hid=72). So far we are providing two "flavours™:

tier0 is 316,810 compounds (14 Jan 2020) compiled from, 7 categories: AgroCheminfo,
DrugMedicInfo, FoodRelated, Pharmacolnfo, Safetylnfo, Toxicitylnfo, KnownUse

tier1 is 363,911 compounds (14 Jan 2020) compiled from 8 categories (tier0 + BioPathway):
AgroCheminfo, BioPathway, DrugMediclnfo, FoodRelated, Pharmacolnfo, Safetylnfo, Toxicitylnfo,
KnownUse

PubChemCIDs have been collapsed by InChlKey first block, reporting the structure from the most
annotated CID, plus related CIDs. Entries that will be ignored by MetFrag (salts, disconnected
substances) or cause errors (e.g. transition metals) have been removed. The Patent and PubMed ID
counts are extracted from files on the PubChem FTP site. The "AnnoTypeCount” term counts how
many of the categories are represented, the subsequent column (named per category) counts the
number of annotation categories available in the next sub-category of the TOC entry.

These files can be used "as is" as localCSV for MetFrag Command Line (https:/ipb-halle.github.io
/MetFrag/) - please do NOT upload these files directly to the web interface, they are too large and will
be available in a drop-down menu.

New version

%8 Communities

LCSB Environmental
Cheminformatics
Group

375

@ views

O,

See more details

333

& downloads

See more details...

Tweeted by 2

Bolton & Schymanski (2020). PubChemLite tierO and tierl 48

(Version PubChemLite.0.2.0) DOI: 10.5281/zenodo.3611238



https://doi.org/10.5281/zenodo.3611238

The 103 million Pub@hem Challenge .. |v-zsiiniiisetlosiis

Scores View x
MetFra Candidate Name: 3-[(2S)-1-methylpyrrolidin-2-yl]pyridine
F Candidate |dentifier: 89594]47009
rag In silico fre :
Normalized
Name Raw Value
Value
© | MetFrag 0.6058 294.7878
) MetFrag (1st) © | ExactSpectralSimilarity 1.0 1.0
Database Settings o
ExactSpectralSimilarity (2nd) AnnoTypeCount 1.0 6.0
. O | Patent_Count 1.0 78331.0
) ‘ AnnoTypeCount (3rd)
Database: { © | PubMed_Count 1.0 35157.0
Patent_Count (4th)
Neutral Mass: [- PubMed_Count (5th) ) 100 %
- - ﬁ@@@ : (2]
Formula: [
- # Molecule ‘ Identifier ‘ Mass ‘ Formula ‘ Normalized Scores ‘ FinaIScor+ Details
P - ~
Identifiers: ( - & Q' Peaks: 18 /23
N
rr 7 \ 89594 ’\S\b { Fragments J
Retrieve Candidates| o= >
— 1 InChiKeyBlock1 = 1021157 | CaoHaNo 1 oF 0058 | scores
SNICXCGAKADSCV D'S?‘ S
3-[(25)-
1-methylpyrrolidi & { Download J
n-2-yljpyridine 0.0 0.2 0.4 0.6 0.8 1.0
-~ G 7_¢° Peaks: 18 /23
=
= ﬁ 2181 '\i} d GQ_) { Fragments J
2 \N InChlKeyBlock1 = 1621157 | CioH1aN2 E | o 14959 {TJ
MTXSIJUGVMTTMU 1,;5'5‘ | = —_—
3-piperidin- b -
2-ylpyridine & L { _ Download J
0.0 0.2 0.4 0.6 0.8 1.0




Evaluating PubChemLite [NiH)

o 103 M => 300 K ... how does this influence performance?

Missing

l. Rank=1 I B rov=2 [ rek=3s [ Rankos
( MetFragRL, PubChem 2016
MS/MS only (n=473)
MetFragRL, PubChem 2016
MS/MS + Metadata (n=1298)
MetFragRL, PubChemLite tierO
MS/MS, Ref, Patents, FPSum (n=1298)

&0 70=>80 %

Note: Rank=2 and missing values unavaifable for FubChem2016 data (see text) All values in %

\_

MetFragRL, PubChemlLite tierl
MS/MS, Ref, Patents, FPSum (n=1298)

100

MetFragRL: Ruttkies et al. (2016) DOI: 10.1186/s13321-016-0115-9

Bolton, Schymanski et al., in prep. +
Bolton & Schymanski (2020). PubChemLite tierO and tierl, DOI: 10.5281/zenodo0.3611238 -



https://link.springer.com/article/10.1186/s13321-016-0115-9
https://doi.org/10.5281/zenodo.3611238

Transformation Products: Filling the Data Gaps!

Pub@hem NORMAN Suspect List Exchange

v NORMAN Suspect List Exchange Classification ? 2 115,510

» S25| OECDPFAS | List of PFAS from the OECD 2 3,680

¥ S60 | SWISSPEST18 | Swiss Pesticides and Metabolites ? 1,358

Pesticide transformation products (TPs, metabolites, successors) ? 1,107

Pesticides (parents, predecessors) ? 267

» S66 | EAWAGTPS | Parent-Transformation Product Pz Pub@h em Folpet (Compound)

S00 | SUSDAT | Merged NORMAN Suspect List: SusDat

_ 8.7 Transformations @G
S01 | MASSBANK | NORMAN Compounds in MassBank
3i View More Details [/] ¥
S02 | STOFFIDENT | HSWT/LfU STOFF-IDENT Databas ~ o " More betalls 4 ¥ Download
S03 | NORMANCT15 | NORMAN Collaborative Trial Targ SORT BY Please Choose One v
S04 I UJIBADE | TargEt List from UJI used in Bade et al 2 Predecessor Predecessor Transformation Successor Successor Evidence DOI
Image Name Image Name

S05 | KWRSJERPS | KWR Drinking Water Suspect List

Environmental

S06 | ITNANTIBIOTIC | Antibiotic List from the ITN MSCA
E;I§:>< Folpet Transformation @- Phtalimide ~ 10.1016/j.watres.2019.114972

S07 | EAWAGSURF | Eawag Surfactants Suspect List 3

-

S08 | ATHENSSUS | University of Athens Surfactants anc

S09 | PFASTRIER | PFAS Suspect List of fluorinated sub: Erwi tal Phthalami
E}I%X Folpet T:‘a‘:]';?g‘:r“nea'lign o da aMIC 10.1016/j.watres.2019.114972
S10 | SWISSPHARMA | Pharmaceutical List with Consun

S11 | SWISSPEST | Swiss Insecticides, Fungicides and 1

S12 | NORMANEWS | NormaNEWS for Retrospective Sc : -
| | P E}I%X Folpet Environmental .’U\E Phthalic 10.1016/j.watres.2019.114972

Transformation acid



Take Home Messages

RT: 0.00 - 24 51

O Over 60 % Of mn; =1 ] 585
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Take Home Messages

o Over 60 % of HR-MS peaks are potentially relevant but unknown

o Annotating unknowns requires data and evidence from many different sources

o Many excellent workflows available to collate this information

o Incorporation of all available metadata is critical to success => 70-80 %!

r

\
m?‘rag 1».' MassBank.eu m Pub©hem \n"IEPA

suspects m

V.
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Take Home Messages

o Over 60 % of HR-MS peaks are potentially relevant but unknown
o Annotating unknowns requires data and evidence from many different sources
O Annotating exposomics “known unknowns” with MetFrag is “Ready to go”!

o Community efforts contribute greatly to improved cross-annotation

o Information in the public domain helps everyone!

o You never know when it will help you ©

Candidate Score Distribution
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PubChem: https://pubchem.ncbi.nim.nih.gov/

m U.S. National Library of Medicine

Mational Center for Biotechnolegy Information

PUb © hem About Blog Submit Contact

Explore Chemistry

Quickly find chemical information from authoritative sources

Try aspirin EGFR C9H804 57-27-2 C1=CC=C(C=C1)C=0 InChl=15/C3HG0/c

[ use

% [=

Draw Structure Upload ID List Browse Data Periodic Table

103 M Compounds 2 5 2 M Substances 2 68 M Bioactivities 31 M Literature 720 Data Sources

See More Statistics » Explore Data Sources »
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https://pubchem.ncbi.nlm.nih.gov/

CompTox: https://comptox.epa.qgov/dashboard/

¢« C o ® @ https:;//comptox.epa.gov/dashboard/ oo © W Q Search Y IN D & =

(2 EP ’LEJnit_ed States " _

\__/ nvironment tecti -
" Ag:;ngy enta rotecuon
875 Thousand Chemicals

m Product/Use Categories = Assay/Gene

[ Identifier substring search

See what people are saying, read the dashboard comments!
Cite the Dashboard Publication click here

Latest News

Read more news

Journal of Cheminformatics article regarding "MS-Ready structures™

March 9th, 2019 at 7:09:45 PM

A recent article describes "MS-Ready structures”, what they are, how they are generated and details regarding the benefits of
these structures in navigating structure relationships across the dashboard. The article is published in the Journal of

Cheminformatics here.
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https://comptox.epa.gov/dashboard/

MassBank EU sl MassBank.eu

http://massbank.eu/MassBank and https://github.com/MassBank/

"' MassBank m High Resolution Mass Spectral Database

European MassBank (NORMAN MassBank)

ja=——i|
Home Search Record Index Data Privacy Imprin ® © @ GitHub, Inc. (US) | https://github.com/MassBank

RMassBank
Search Record Index Forked from sneumann/RMassBank
- Playground for experiments on the official http://bioconductor.org/packages
. /devel/bioc/html/RMassBank.html

= @R ¥11 %3 @77 [11  Updated 2 days ago

MassBank-web R
The web server application and directly connected components for a MassBank
web server

@®iava Y11 H5 @62 11  Updated 2 days ago

>380,000 spectra
~16,000 chemicals MassBank-data b

Official repository of open data MassBank records 0 A

>46 CO ntri b Uto rS library repository mass-spectrometry massbank

Shell ¥23 Y14 @23 (10 Updated on Aug 28


http://massbank.eu/MassBank
https://github.com/MassBank/

