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GNPS Hands‐on – Exploring 
Chemical Diversity with 
Molecular Networks

Pieter C. Dorrestein and Mingxun Wang

Download URL: https://tinyurl.com/2z8n5k93

Samples Background

Raines et al. 2021
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GNPS Classic Molecular Networking Job Submission
HANDS ON

Ming Wang, Pieter Dorrestein, University of California San 
Diego

https://dorresteinlab.ucsd.edu/

@Pdorrestein1

Outline for today

• Submit a molecular networking job (Hands‐on, Pieter).

• Explanation of what was just submitted (Pieter).

• Exploring the molecular network (Ming).

• GNPS dashboard for inspecting the data (Ming).

• MASST (If we have time, Pieter)
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Outline for today

• Submit a molecular networking job (Hands‐on, Pieter).

• Explanation of what was just submitted (Pieter).

• Exploring the molecular network (Ming).

• GNPS dashboard for inspecting the data (Ming).

• MASST (If we have time, Pieter)

Go to GNPS (gnps.ucsd.edu)

GNPS Tutorial Module 1 ‐Molecular 
Networking Hands on
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Create an Account
(If you don’t have one already)

Select Molecular Networking
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Select Molecular Networking

Select Molecular Networking

9

10



2/10/2023

6

Folders in your space

Datasets you have imported 
into your space
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Datasets you have imported 
into your space

MSV000088828
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Outline for today

• Submit a molecular networking job (Hands‐on, Pieter).

• Explanation of what was just submitted (Pieter).

• Exploring the molecular network (Ming).

• GNPS dashboard for inspecting the data (Ming).

• MASST (If we have time, Pieter)
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Untargeted Mass Spectrometry

mass spec

mass‐to‐charge
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Data Dependent Acquisition

Watrous PNAS 2012, Wang Nat Biotech 2016,  Aron, Gentry Nat Protocols 2020

Molecular 
Networking
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Robert Quinn

Molecular Networking

How much does the microbiome 
impact the chemistry of the host?

Figure from Aron, Gentry Nature Protocols 2020

Molecular Networking
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5%
Annotated
(10% human)

Traditional

Growing public reference libraries 
(>620,000 public ref spectra) can be 
used to hypothesize the structure.

Wang et al Nature Biotech. 2016, Bauemeister et al, Microbiome Metabolomics Nature Micro. Reviews, 2021

Figure from Aron, Gentry Nature Protocols 2020

Figure by 
Emily 
Gentry

Molecular Networking
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Figure from Aron, Gentry Nature Protocols 2020

Figure by 
Emily 
Gentry

Molecular Networking

Figure from Aron, Gentry Nature Protocols 2020

Molecular Networking

UniMod‐
https://www.unimod.org/modifications_list.php?a=search&value=1&SearchFor=15.99&SearchOption=Contains&SearchF
ield=
Curated list of delta masses (we don’t vouch for accuracy so use your thinking caps). 
https://docs.google.com/spreadsheets/d/1RbhwM8KPUUBTrppcYrKp5hs8B_ZPJKxO‐WcyHDoU074/edit#gid=566878567
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Figure from Aron, Gentry Nature Protocols 2020

Molecular Networking

Wang M et al Nature Biotechnology 34 8 (2016): 828-837

From untargeted data to chemicals

26,956 Consensus MS2 spectra

1,894,519 MS2 spectra

6 product 
ions

≥5 identical 
MS2 spectra
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Wang M et al Nature Biotechnology 34 8 (2016): 828-837

From untargeted data to chemicals

26,956 Consensus MS2 spectra

1,894,519 MS2 spectra

597 Unique chemicals 
annotated

6 product 
ions

≥5 identical 
MS2 spectra

Spectral 
Library 
Match

unpublished

AGP - molecular 
network

annotated
unannotated

Every dot is 
a MS/MS 
spectrum

~5% 
annotated
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unpublished

Identifying unknowns using molecular networking

annotated
unannotated

Diphenhydramine N-oxide
Diphenhydramine

Diphenhydramine N-glucuronide

5 min break
Before we analyze the submitted job!
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Outline for today

● Submit a molecular networking job (Hands-on, Pieter).
● Explanation of what was just submitted (Pieter).
● Exploring the molecular network (Ming).
● GNPS dashboard for inspecting the data (Ming).
● MASST (If we have time, Pieter)

Catch up Link - In case the MN failed for anyone.

Ming will carry you through the analysis.

Catch up Link - In case the MN failed for anyone.
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Let’s Explore What Molecules are in these Urine Sample
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Let’s see if any drugs are being detected

desv

Desmethylvenlafaxine is an antidepressant

Let’s compare this to GNPS MS/MS Reference Spectrum
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Let’s compare this to GNPS MS/MS Reference Spectrum

Query Spectrum

Library Spectrum

Let’s explore potential analogs of Desmethylvenlafaxine
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Let’s explore potential analogs of Desmethylvenlafaxine

https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=f9d55f
2e4c4a4d63bbd9f1270fc98bcc

Let’s explore potential analogs of Desmethylvenlafaxine

desv

Catch up Link

45

46



2/10/2023

24

Let’s explore potential analogs of Desmethylvenlafaxine

Catch up Link

• Each Circle (node) is a molecule in data

• Blue nodes are identified to known compounds

• Connected nodes mean similar MS/MS fragmentation

Let’s explore potential analogs of Desmethylvenlafaxine

Show the Library ID for the network

We can see it is Desvenlafaxine

Catch up Link
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Let’s explore potential analogs of Desmethylvenlafaxine

Show the mass deltas to putative analogs

Can you explain what these mass deltas could mean?

Catch up Link

Let’s explore potential analogs of Desmethylvenlafaxine

Show the mass deltas to putative analogs

Can you explain what these mass deltas could mean?

We try to help with that by curating a common but not
exhaustive list of potential modifications. Could also be
multiple options for you to decide what makes sense
biologically and chemically. 

Methanol or CH2

Catch up Link
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Let’s explore potential analogs of Desmethylvenlafaxine

Let’s inspect the MS/MS spectra!

Catch up Link

Let’s explore potential analogs of Desmethylvenlafaxine

Let’s inspect the MS/MS spectra!

Catch up Link
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Let’s explore potential analogs of Desmethylvenlafaxine

Blue peaks shifted
Red peaks same

Explore endogenous molecule - Carnitines

Catch up Link
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Explore endogenous molecule - Carnitines

Catch up LInk

Explore endogenous molecule - Carnitines

Catch up Link
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Let’s explore potential analogs of Carntines

Catch up Link

● Octanoylcarnitine related to Decanoylcarnitine

Let’s explore potential analogs of Carntines

● Activity: Can you find new putative analog of 
Acetyl-DL-carnitine? 

Catch up Link
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Outline for today

● Submit a molecular networking job (Hands-on, Pieter).
● Explanation of what was just submitted (Pieter).
● Exploring the molecular network (Ming).
● GNPS dashboard for inspecting the data (Ming).
● MASST (If we have time, Pieter)

Connecting Networks Back to Raw Data ‐
Visualizing Data GNPS Dashboard
• Let’s use GNPS Explorer to Select Data to Visualize
https://gnps‐explorer.ucsd.edu/

• COVID‐19 Urine Samples

Link

MSV000088828
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Visualizing Data GNPS Dashboard

• Select Metadata to Use

Visualizing Data GNPS Dashboard

• Select Positive AKI (Acute Kidney Injury Samples)
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Visualizing Data GNPS Dashboard

• Select Positive no_AKI (Acute Kidney Injury Samples) in Comparison 
Selector Below

Visualizing Data GNPS Dashboard
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The GNPS Dashboard – Visualizing Raw MS 
Data in the Browser

Catch up LInk

• No Software Install
• Interactive
• Shareable
• Collaborative

Petras et al. Nature Methods 2021

Connecting to Raw Data – which samples 
have drugs?
• Extracted Ion Chromatogram
Desmethylvenlafaxine

• 264.20 m/z 

• 3 min Retention Time
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Connecting to Raw Data – which samples 
have drugs?
• Extracted Ion Chromatogram – Desmethylvenlafaxine

• A single AKI Sample – what might this mean?

Validating Differentially Expressed 
Metabolites in Publication

Observed in Positive Mode
203.150 m/z @ 0.6 min retention time

Raines et al. 2021
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Validating Differentially Expressed 
Metabolites in Publication

Observed in Positive Mode
203.150 m/z @ 0.6 min retention time

Validating Differentially Expressed 
Metabolites in Publication

Observed in Positive Mode
203.150 m/z @ 0.6 min retention time
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Validating Differentially Expressed 
Metabolites in Publication

Top:  Acute Kidney Injury
Bottom:  No Acute Kidney Injury

Validating Differentially Expressed 
Metabolites in Publication

Top:  Acute Kidney Injury
Bottom:  No Acute Kidney Injury
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Sharing Visualization – Share exactly what you 
see with others

Outline for today

• Submit a molecular networking job (Hands‐on, Pieter).

• Explanation of what was just submitted (Pieter).

• Exploring the molecular network (Ming).

• GNPS dashboard for inspecting the data (Ming).

• MASST (If we have time, Pieter)
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Leveraging repository scale information to 
annotate unknowns

Growing repositories

Wang Et al Nature Biotechnology 2020

= BLAST for molecules

Ming Wang

Global Molecular 
Network

m/z

Age

Sex

Wang Et al Nature Biotechnology 2020
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Wang Et al Nature Biotechnology 2020

Question:
Is the work in an animal model 

translational to humans?

Quinn et al Nature 2020

These Novel Conjugates are 
also found in Humans

+27 other public projects
from human samples.

Now we know these bile acids are found in humans
and that the work is translational.
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PhyloMASST, DiseaseMASST, MicrobeMASST, 
ExposureMASST etc will be available in the future

Topic/domain specific MASST’s 

Ming Wang

Kiana West

Robin Schmid

80

Kiana West
Ontology manager

Connect molecules to food ontologies.
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Is this drug often observed?
What sample types is this drug found in?
Is there evidence it is found in the environment?

masst.ucsd.edu

Or 
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https://gnps.ucsd.edu/ProteoSAFe/result.jsp?task=cf1f835cb14
c494586cf91684a22e401&view=view_all_datasets_matched
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