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Overview of the Metabolomics Workbench

The National Institutes of Health (NIH) Common Fund Metabolomics Program was developed with the goal of
increasing national capacity in metabolomics by supporting the development of next generation technologies,
promoting data/metadata sharing and collaboration and providing training and mentoring opportunities.

In support of this effort, the Metabolomics Workbench website was created at the University of California, San
Diego in 2013. The Metabolomics Workbench houses the National Metabolomics Data Repository (NMDR)
which serves as a national and international center for metabolomics data and metadata and provides analysis
tools and access to metabolite standards, protocols and other resources to the global community.



https://commonfund.nih.gov/metabolomics/index

Metabolomics Workbench: https://www.metabolomicsworkbench.org
Contains the National Metabolomics Data Repository (NMDR)
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Welcome to the UCSD Metabolomics Workbench, a resource sponsored by the Common Fund of the National Institutes of Health.
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Metabolomics Workbench & contains new substructure and text-based searches including by Alexey Nesvizhskii, U. of Michigan
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https://www.metabolomicsworkbench.org/

Metabolomics Workbench website: what does it contain?

+** National Metabolomics Data Repository (NMDR)

= MS and NMR metabolomics studies

* Metadata, targeted/untargeted measurements, raw data
** Metabolomics Workbench Metabolite database

+» RefMet standardized metabolite nomenclature resource

¢ Online suite of statistical analysis tools
+** For NMDR studies and ad-hoc user—supplied datasets

s MetStat summary reporting tool

** Human gene/protein database of metabolism-related genes
¢ Protocols for metabolomics experiments

¢ REST service

** MS search tools

¢ Other metabolomics software (MW group and collaborators)



Overview of NMDR cloud computing infrastructure
(located at the San Diego Supercomputer Center)

Management Environment (GovCloud

Sllared Resource) %
I. Source Control Active Directory |
Authority I L )
Central Logging Backups
100 TB NFS —_—
mount includes
Mail Server, NTP Antivins
FTP site (raw
data) File Transfer ] Securip ]
s — = e Y . :
o [ = S e ———)
-‘ ~: = )
= i : SAS & i3CS| Block Storage # : Appro GreenBlade Compute Servers OS: Linux
m_: : xrﬁtackﬂhjertsmage | - Ham-Erﬁt:ill::,l:.iéhrg\E—Merru:v':mSewers DB: Postgres

Physical Resource Pools

Web server: Apache




NMDR online portals

Public website Data submission/review portal Development websites
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Metabolomics study workflow

A ===y

Study design Sample prep

(4

il

A § \|&- TMAO ‘E;
3 o = z
s £ 2 22 | £ &
Tyrosine g - 3z E
Formate 4 S 8 l 1 L A (
d A ]
WSS VR 1%, N [ N S S £3 ) WA
- 2
Mass spectra of resolved peaks B ’ . ] e 2 2
2 8 g8 2
Histidine Phenylalanine Tyrosine 2 L“:Lllm el £ £ | é 2 £
| I j I I £ l H"I I f%m? £ %‘
S R V'Y, W, i Jﬁ%ww I WL 5 | L R Y. ¢ V. S AN Y\
glucose/s ° »
& s £ Lactate H
Histidine H ] 3
Phenylalanine | 6 I i ” 2
L 2
Lo Loy ‘ Fis s |
NSRS SN, V.V, NSV, Wil 7\, 70\ RO, ) SELINW Y YV, S SN W
54 18 74 72 70 54 46 42 38 34 30 26 22 Ls 14 10
11 Gpm) 11 Gpm)
Data processing/databasing
Pie chart by Metabolite super clas for allstudies i e Fa06) Volcano Plot PLS-DA Score Plot (auto) Class Enrichment by Kolmorogov-Smirnov test Box and whisker plot: CE(16:0)
. o [ (View P-value weighted Class Enrichment)
wrwony o . (View Unweighted Class Enrichment) < . ;
(View Class Enrichment by hypergeometric distribution) '
= st o .

o
e

&= . ’ g
[ L :
1 I HexCer B . : :

Y

) L Jr— L PE f 8 ;
Nuctic e - : v, 2 4 Lpc ’ ; —
- Sphingoid base 1P —i
Springolipids
oty e - o-c
T T T T " T p " T T T
-1 0 1 2 -0 5 3 5 0 02 4 6 8 0 12 14 16 B 1 5 :
Component1(35.4%) P value(x-axis): Calculated by KS test and converted to -log10(P)
10g2 Fold Ghange Cumuat ™ ractors

Data analysis



Overview of NMDR Inputs and Outputs

Online data submission Raw data (MS/NMR binary files)
+ other pertinent files

———. ] Metadata
————=== Targeted data measurements
Protocols/Methods files
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Untargeted data measurement files FTP
[ NMDR Data Repository
Browsing/searching/statistical analysis Download targeted measurements Download mwTab file
via web browser Download untargeted measurements (Metadata/data)
Formats:
% % Plain text
"4 JSON N
Targeted data Untargeted data Download Raw Data REST service

(named metabolites) (m/z-ret. time features, NMR binned increments) (via HTTP or FTP)



[ Experimental data ] NMDR: Overall Strategy
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Online stud Untargeted data/ “Big data” file system:
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Named metabolite data/ V4 Fix zero/null data
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7 Metadata
V 4
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(Data/Metadata)
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NMDR Online submission overview

Preview metadata Online data submission forms
»«_ | €— Metadata
: < Results

<€— Protocol files

mwTab file

. imal_experimentdocx | Download
NMDR Curation
S - S View mwTab  EditmwTab  Create SQL
DangHo_2016011 EFEW 37_mwtab_analysis_1 txt View mwTab | View onling
e — ViewmwTab | EditmwTab  Create SQL
Automated | -
. txd View mwTab | View online
SQL generation
. _ _ ViewmwTab  EditmwTab Create SQL
efahy_20151218_15#318_mwtab_analys5_1 bt View mwTab | View online
|
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The mwTab format: A “common currency” for metadata/data sharing and storage

SECTI O N S L] #METABOLCMICS WORKBENCH Nagireddy Putluri_ 20211115 090410 DATATRACK ID:2928 STUDY ID:ST002005 ANALYSIS ID:AN003268 PROJECT ID:PR001271
L[] VERSION 1
CREATED_ON November 29, 2021, 7:26 pm
#PROJECT
Metadata PR:PROJECT_TITLE Alterations of lipids in tumor tissues from African American and European
PR:PROJECT_TITLE American patient with bladder cancer
. PR:PROJECT SUMMARY Cancer affects all individuals in the United States, unfortunately due to
PrOJect PR:PROJECT_SUMMARY sociceconomics, and environmental disadvantages, certain group of populations
PR:PROJECT_SUMMARY especially African American (RA) community bear a high burden of cancer than the
PR:PROJECT SUMMARY other communities. Based on different social epidemiological study reported that
PR:PROJECT SUMMARY higher incidence and mortality rate of bladder cancer in AA community. To
Study PR:PROJECT_SUMMARY understand and reveal the biological mechanism in terms of lipidomics,
PR:PROJECT SUMMARY lipidomics profile were performed in 98 bladder cancer (African American and
. . PR:PROJECT_SUMMARY European America) tissues including benign.
Expe rrme nta I varia bles (fa Cto rs) PR:INSTITUTE Baylor College of Medicine
PR:LAST_NAME Putluri
PR:FIRST_ NAME Nagireddy
M PR:ADDRESS One Baylor Plaza, Houston, Texas 77030
S u J e Ct PR:EMAIL putluri@bcm.edu
PR:PHONE (713) 798-3139
. #STUDY
COI Iectlo n ST:STUDY_TITLE Alterations of lipids in tumor tissues from African American and European
ST:STUDY_TITLE American patient with bladder cancer
ST:STUDY_SUMMARY Cancer affects all individuals in the United States, unfortunately due to
T ST:STUDY_SUMMARY sociceconomics, and environmental disadvantages, certain group of populations
reatment ST:STUDY_ SUMMARY especially African American (AA) community bear a high burden of cancer than the
ST:STUDY_ SUMMARY other communities. Based on different social epidemiological study reported that
. ST:STUDY_ SUMMARY higher incidence and mortality rate of bladder cancer in BA community. To
Sa m ple p re pa ratlo n ST:STUDY_ SUMMARY understand and reveal the biological mechanism in terms of lipidomics,
ST:STUDY_ SUMMARY lipidomics profile were performed in 98 bladder cancer (African American and
ST:STUDY_SUMMARY European America) tissues including benign.
C h ro m atog ra p hy ST:INSTITUTE Baylor College of Medicine
ST :DEPARTMENT Molecular and Cellular Biology
ST:LAST_NAME Putluri
. ST:FIRST_ NAME Nagireddy
Ana IySIS ST:ADDRESS One Baylor Plaza, Houston, Texas 77030
ST:EMAIL putluri@bcm.edu
ST : PHONE (713) 798-3139
M S #SUBJECT
SU:SUBJECT_TYPE Human
SU:SUBJECT_SPECIES Homo sapiens
SU:TAXONOMY_ID 9606
N M R #FACTORS
#SUBJECT_SAMPLE_FACTORS: SUBJECT (optional) [tab] SAMPLE [tab] FACTORS (NAME: VALUE pairs separated by |) [tab]Raw file names an(
SUBJECT_SAMPLE_FACTORS 03-22-2021-Pos-34734 BENIGN-30 Group:Benign
SUBJECT_SAMPLE_FACTORS 03-22-2021-Pos-34880 BENIGN-32 Group:Benign
SUBJECT_SAMPLE FACTORS - 03-22-2021-P0os-35088 BENIGN-36 Group:Benign
SUBJECT_SAMPLE,_FACTORS 03-22-2021-Pos-35603 BENIGN-38 Group:Benign
D SUBJECT_SAMPLE_FACTORS 03-22-2021-Pos-35599 BENIGN-40 Group:Benign
ata SUBJECT_SAMPLE_FACTORS 03-22-2021-Pos-35774 BENIGN-42 Group:Benign

Named metabolite measurements (table)
Named metabolites and annotations
File names for untargeted datasets

Additional
Comments preceded by a #
MwTab specification: https://www.metabolomicsworkbench.org/data/mwTab_specification.pdf
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