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The challenge....

Bacteria, fungi, and plants produce a large & diverse arsenal

of high-value molecules:
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Motivation
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MS/MS information is key to study large sample sets with diverse chemistries

Integrated workflow exploits complementary tools to enhance interpretation
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Motivation: Improved annotation power by pattern mining

Molecular Families based on spectral similarity (Molecular Networking in GNPS)

Substructures by extracting “building blocks of metabolomics” (MS2LDA)
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Exploit groupingsto:

Propagate library matches
Predict candidates
Predict chemistries
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Molecular Networking

Very similar MS/MS spectra are grouped to:
- link spectra across different samples
- reduce redundancy in data set (“consensus spectrum”)

Wang, M., et al., “Sharing and community curation of mass spectrometry Dr Ricardo R. da Silva
data W/th Global Natural Products Social Molecular Networking Dr Madeleine Ernst

Nat Biotech (2016) .

Watrous, JD et al. “Mass spectral molecular networking of living Dr Mlngxun Wang
microbial colonies” PNAS (2012) Dr Louis-Felix Nothias
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Spectral library matches from GNPS

Libraries from diverse sources

Seed node annotations for molecular families

Library MS/MS Spectra
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Topic modelling: from text to molecules

Document 1

Document 2

Van der Hooft et al., PNAS, 2016
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Classic LDA for text

Football-related topic

Hereford United, the club formed in 1924
who have played continuously in the
Football League lower divisions or in the
senior semi-professional game for 90
years, has been put into liquidation. The
club company, The club lawyer’s argued
that its owner, Andy Lonsdale, had proof of
£1m funding to pay the club’s creditors,
but was stuck in traffic.

Business-related topic

One of Britain’s leading solar entrepreneurs
is set to announce that his business has
gone into liquidation, in the third high-profile
casualty for the sector this month. [...]
Howard Johns, the former chairman of the
Solar Trade Association and an adviser on
renewable energy...

Environment-related topic

-

MS2LDA for fragments and losses
Asparagine-related Mass2Motif
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Adenine-related Mass2Motif

Documents <-> molecules

Words <-> fragments/neutral losses

Unsupervised Substructure Discovery




Validation: MS2LDA with standards
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Network annotation propagation

More coherent candidate structures within family
Rerank list based on neighboring annotations

Exploiting the network topology

Molecular Fingerprints

O A D Ranked lists of in
silico annotators

@ O ﬂ RMetRkad)!) lists of
; . in silico annotators

‘ Library Match

WAGENINGEN Da Silva et al., Plos Comp Biol., 2018
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Scans Assigned Candidate score «
1 No 2.23513

1 No 2.23513
1 No 3.20109
1 No 3.22166
1 No 3.22166
1 No 3.34424
1 No 3.42103
1 No 3.42875

Molecule

~~~~~

‘s YO0

A Wi
Formula Mass
C13H16N205S 312.07799
C13H16N205S 312.07799
C13H16N205S 312.07799
C13H16N205S 312.07799
C13H16N205S 312.07799
C13H16N205S 312.07799
C13H16N205S 312.07799
C13H16N205S 312.07799

AMass (ppm) = Name

0.86666

0.86666

0.86666

0.86666

0.86666

0.86666

0.86666

0.86666

acetaminophen mercapturate (83967)

(56923619)

AKOS019768418 (81197200)

CHEMBL1642089 (53321314)

CHEMBL1642098 (53318691)

AGN-PC-0G4R64 (64889340)

AGN-PC-0DZQ65 (61409875)

AGN-PC-0E3QTW (61600272)




ClassyFire — SMILES and substituents

Secondary Carboxylic Acid Dipeptide

INPUT:

Valine
derivative

CC1CC2(C(C10C(=0)C3=CC=CC=C3)C(C4
(C(C=CC5C4C(C2=0)(0C5(C)C)C)OC(=0)
C)COC(=0)C)0C(=0)C)0

Beta-Lactam

OUTPUT:
ClassyFire

Kingdom: Organic compounds
Superclass: Lipids and lipid-like molecules
Class: Prenol lipids
Subclass: Diterpenoids

Figure part of Fig. 1 from Djoumbou Feunang et al., J. Cheminform, 2016

WAGENINGEN Djoumbou Feunang et al., J. Cheminform, 2016
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ClassyFire — Chemical predictions for MFs

3 SMILES:
2xFlavonoids

ClassyFire Scoring:

3 SMILES: Flavonoids: Database hits:

i ki 2.25 nodes/ 4 nodes/
4 SMILES: 1xMacrolactames 6 nodes — 6 nOdeS =

4xFlavonoids

4 SMILES:
1xFlavonoids

0.375 0.67

1xMacrolactames
1xCoumarins and derivatives

WAGENINGEN Disclaimer: scores dependent on structural database contents!
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Molecular Networking

llluminating the Rhamnaceae chemistry
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B triterpenoids

- triterpenoidal saponins

I steroidal saponins

[] flavonoid 3-O-glycosides

B flavonoid 7-O-glycosides

] flavonoid O-glycosides

[[] flavones, flavonones, flavonols
[ ] 8-methylated flavonoids

B (hydroxyl)anthraquinones

B xanthones

Il hydrolyzable tannins

B phenolic glycosides
coumaric acid and derivatives
B lignan glycosides

[] iridoid glycosides

. peptide

. hybrid peptide

[] oligosaccharides

] long-chain fatty acids

|. others / no matches

Gant related classifications\:
different flavonoids

phenolic glycosides

k triterpenoids /

Dr Kyo Bin Kang, UCSD




Annotating plant molecular families
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Illuminating bacterial chemistry

Molecular Network of
146 Streptomyces and Salinispora sp.

Triterpenoids
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Annotation of bacterial family |

Mass2Motif Annotation

You can assign a label (annotate) this Mass2Motif from the Annotation field below. Additionally, a shorter annotation can also be @)
assigned through the Short Annotation field. This will be used in the network visualisation.

Annotation Tryptophan related Mass2Motif l OH

. : HN NH>
Short Annotation Tryptophan related Mass2Motif

Motif 208

motif_208 Next
Parent: document_1202, null (2/19)
Probability: Probability: 0.832888449166, overlap: 0.356384148972, Oveyr

Previous

cosine

208
100 -

cosine

Relative Intensity
3
1
Parent lon (441.2220)

20 .
cosine
10 I
i

T T T 1 T T T
0 50 100 150 200 250 300 350 400 450
Mass
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Annotation of bacterial molecular family |l

fragment_300.1500
fragment_399.2500
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fragment_268.1500
fragment_727.3500
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fragment_456.2500
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0 1 2 3 4 5 6 7 8 9

motif_10 - motif_10 -
Parent: document_3482, null (6/9) m i Parent: document_4872, null (1/8) m

Probability: Probability: 0.614024838127, overlap: 0.367052478451, Ov: Probability: Probability: 0.829939871031, overlap: 0.40077189444, Overl:

Actinomycin D
% N % % 1 g 5 s PeptideMass
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\ || H O ] ’ 7E-10 1268.57
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Mass 1} 100 200 300 ;4(255 500 600 700
WAGENINGEN Mohimani et al., Nat. Chem. Biol., 2017 Crnovcic et al., RCS Advances, 2014
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1308.78 % Annotation_Dereplicator_0_005hin & Annotation_Dereplicator_0_05hin & Annotation_VarQuest_0_005hin & Annotation_VarQuest_0_05hin
Xenoamicin_B_structure_1 Xenoamicin_B_structure_1 Xenoamicin_B_structure_1 Xenoamicin_B_structure_1
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L-Arginine
MID: 13 ESI Q-TOF

Annotation of fungal garden
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Linking substructures to genetic elements

<CHp— - I ) W .
IOMEGA: Integrated Omics for MEtabolomics and Genomics Annotation

Gene Cluster Families & Metabolite Fam|I|es
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