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MetENP is a R package that enables detection of significant metabolites from metabolite information
(names or names and concentration along with metadata information). MetENP provides enrichment
score of metabolite classes, maps to pathway of the species of choice, calculates enrichment score of
pathways, plots the pathways and shows the metabolite increase or decrease, and extracts and
presents reaction, gene and enzyme information.

MetENP is available as a R package (https://github.com/metabolomicsworkbench/MetENP),

Jupyter notebook
(https://qgithub.com/metabolomicsworkbench/MetENP/blob/main/vignettes/MetENP _vignette Jupyter n

otebook.ipynb) and
web resource (https://www.metabolomicsworkbench.org/data/analyze.php).

A tutorial for the web-version is available at https://www.metabolomicsworkbench.org/data/MVV-

MetENP-demo.pdf. A vignette is available at
https://qithub.com/metabolomicsworkbench/MetENP/tree/main/vignettes.



https://github.com/metabolomicsworkbench/MetENP
https://github.com/metabolomicsworkbench/MetENP/blob/main/vignettes/MetENP_vignette_Jupyter_notebook.ipynb
https://www.metabolomicsworkbench.org/data/analyze.php
https://www.metabolomicsworkbench.org/data/MW-MetENP-demo.pdf
https://github.com/metabolomicsworkbench/MetENP/tree/main/vignettes

How to use MetENPWeb: Steps

Example 1. Datasets already on Metabolomics Workbench

METABOLOMIC S e
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Data Repository | Databases | Protocols Training / Events®

Welcome to the UCSD Metabolomics Workbench, a resource sponsored by the Common Fund of the National Institutes of Health.

ona omics epo | Quick Links - Key Resources v

Click on Analyze

Upload and Manage ‘ Browse and Search ‘ Analyze

Studies Studies Studies Studies
As of 08/04/22 a total of 2158 studies have been processed by the National Metabolomics Data Repositary Tweets by @MetabolomicsWB (.j
(NMDR). There are 1880 publicly available studies and the remainder (278) will be made available subject to r
their embargo dates. & Metabolomics Workbench
Retweeted
Recently released studies on NMDR Gary Siuzdak
@kadzuis

ST002164 - TMEM41B and VMP1 modulate cellular lipid and energy metabolism for facilitating Dengue _ )

L — R . DHA is a great choice of molecule of
virus infection; Homo sapiens; Singapore-MIT Alliance for Research and Technology (SMART Centre) the month (#lipid) for World Brain Day.
ST002220 - Catabolism of branched-chain amino acids (BCAAs) in renal cells HK2 and 786-0: Homo hitps:/ftwitter.com/AvantiL ipids/status

i 1550192684798730245

sapiens; CECAD Research Center
S$T002221 - Glutaminolysis contribution to the carbon backbone of aspartate through ATP Citrate Lyase s o v

(ACLY) in ccRCC; Homo sapiens; CECAD Research Center

NIH Common Fund Stage 2
Metabolomics Consortium Centers



Study selection

https://www.metabolomicsworkbench.org/data/analyze.php

Analyze Studies

Analyze studies using Jupyter Notebooks or the following online tools.

MS/NMR studies identifying named metabolites

Select a study for analysis:

[STO[HMD: Changes in the Canine Plasma Lipidome after Short- and Long-Term Exces... (Life Sciences Institute, National University of Singapore) v ] C—
Submit Ch S

Analysis tools may also be accessed from within each study page using the 'Perform statistical analysis' link 00se

Comparative analysis across studies STUdy

* Perform meta-analysis on selected studies (compare ratios of 2 selected metabolites)
* Compare list of metabolites in 2 selected studies (all analyses)
s Compare list of metabolites in 2 selected studies (individual analyses)

MS untargeted experiments containing unidentified ions

* Search Untargeted M3 data by m/z, retention time, instrumentation
s Superimpose unknown m/z on RefMet mass defect plot

Perform data analysis on user-uploaded data

* Load and analyze your own dataset


https://www.metabolomicsworkbench.org/data/analyze.php

Select MetENP

Clustering and correlation

+ Perform hierarchial or heatmap cluster analysis

* Perform Clustered correlation analysis

* Perform Network analysis on correlated metabolites (mapped to classification)
» Perform Network analysis on correlated metabolites (mapped to fold-change)

Multivariate analysis

* Perform Principal component analysis

* Perform Linear discriminant analysis

» Perform Partial least-squares discriminant analysis (PLS-DA)
Classification and feature analysis

* Perform OPLS-DA and VIP projection

* Random Forest and VIP projection

MetaBatch Omic Browser (MD Anderson Cancer Center)

(Clustered Heat Maps, PCA+, UMAP, box plot, violin plot, and other visualizations)
* Load this study &
+ Load this analysis (AN001870) &
MetENP: Metabolite enrichment and species-specific pathway annotation

+ MetENPWeb analysis
* MetENP R package &
+ MetENP tutorial

Mapping metabolites to human biochemical pathways

+ Map study metabolites to HMDB and KEGG pathways
+ Map study metabolites to pathways with ratio/t-test data



Select analysis and factor column

Direct URL: https://www.metabolomicsworkbench.org/data/analysis_factor.php?STUDY_ID=ST001140

Dverview Upload / Manage Studies Browse / Search Studies Analyze Studies Data Sharing Policy Tutorials FAQ

Choose a analysis:

Hint: You can either select all, or use ctrl + select to choose multiple

Select all

b

Phospholipids, Chol. esters and Diacylglycerols

Sphingolipids

Derivatized Spingosine-1-phosphates

Check the experimental factors of this study in the table below. The first column is grouped (combined) factors and subsequent columns are individual

factors
combined_factors TreatmentGroup| TreatmentDuration |Sampling TimePoint
1|/ TreatmentGroup:Prednisolone | TreatmentDuration:0d | SamplingTimePoint:before  ||Prednisolone  |0d before
2| TreatmentGroup:Prednisolone | TreatmentDuration:4d | SamplingTimePoint:after Prednisolone  |4d after
3| TreatmentGroup: Tetracosactide | TreatmentDuration:00w | SamplingTimePoint:before|| Tetracosactide 00w before
4| TreatmentGroup: Tetracosactide | TreatmentDuration:25w | SamplingTimePoint:after ||Tetracosactide |25w after

Choose factor column:

Take a hint from the table above

| combined_factors |

combined_factors

TreatmentGroup

TreatmentDuration

SamplingTimePoint

rkbench, a resource sponsored by the Common Fund of the National Institutes of Health

Terms of use | Site map | Contact | Personnel &




Parameters

Home | Data Repository | Databases | Protocols | Tools | Training / Events | About | Search _

ew | Upload / Manage Studies Browse / Search Studies Analyze Studies Data Sharing Policy Tutorials FAQ

Overvi

Choose among these factors as Group 1 and Group 2. Multiple factors can be choosen for one group

Group1:

rensaione | g Co0SE factor 1

Group2:

Prednisolone

Tetracosactide ——— Choose fGCTor' 2

v

Padjust method:
Handle missing data:

Hint:
« half_of_min: where the NAs are replaced by half of the min values in the data.

« remove_NAs: where metabolites with NAs values are removed and
« 50percent: where metabolites with more than 50% NAs values are removed.

P-value cutoff:

Log2 fold change cutoff: [0

Choose a Metabolite class:

Minimum # of (most significant) metabolites per class to use in group calculation:

Kegg id of species is automatically filled. For bacterial species, please check our notes below
Kegg id of species: Species -Dog

Check this box only if you want your pathway enrichment analysis based on all the KEGG compounds associated to pathways.
® Not applicable
O All pathways

Do you want to associate genes to pathways?
If you select 'Perform gene analysis' option, please be aware it may take longer than 5 mins to analyze the study
@ Don't perform gene analysis O Perform gene analysis

Subi

The analysis may take 2-5 minutes, please wait and do not close the window. Longar datasets may take even longer. You may want to run MetENP packags onthe R
commandline for quicker results

Please note that some bacterial species have different strain name in kegg and hence different kegg codes, e.g, : Salmonella enterica subsp. enterica serovar
Typhimurium has 'seo’ for Salmonella enterica subsp. enterica serovar Typhimurium 140288 but "sev’ for Salmonella enterica subsp. enterica serovar Typhimurium
D23580, in such cases, if study in metabolomcis workbench has the name Salmonslla enterica subsp. enterica serovar Typhimurium, it may not be abls to pick up the
kegg code. Please check the correct kegg code for your analysis.



Results

METABOLOMICS. Sl s
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For any difficulty in running
the application, contact Mano
Maurya (mano@sdsc.edu) or
Sumana Srinivasan
(susrinivasan@eng.ucsd.edu).

Data Repository | Databases Training / Events#q About | Search

Ovenvien | Uipkad | Manage Sudles | Browse | Search Studles | Analize Swudles | Dafta Sharing Polley | Tutorials | FAQ

Click on individual image to get a full size downloadable figure. Picture displayed below just represents the type of analysis and
are not the actual results.
Plezse note: Only one session (anahysis) is sllowsd per user at 3 given time.

%

Volecano plot of all Metabolite count Metabolite enrichment
significant metabolites  grouped by metabolite class grouped by metabolite class

Pathway network Heatmap of Dotplot of
of significant metabolites significant metabolites significant metabolites
and significant pathways and significant pathways

Crange s el foms In heatmap Change axis el foms In ool plot

| Moty hestmag| [ Mty Dotpict |

Zipea Resul e ~_ Download results as a combined

Allresults. zip

Individual Result files Zip file or‘ indiVidual files
P

Kegg_pathway_enrichment.csv
met_enrichmentscore.csv
met_path.csv
sig_metabolites_kegg_id.csv
significant_met.csv
stats_metabolites.cov

Parameters Chosen: Par'ame-rer' Values used

Study ID: STOO1140

mﬁinrﬁpr}n&nd:ﬁfgiﬁmrs and Dizcylghycerols—Sphingolipids—Derivatzed Spirﬂnsine—l—phnsphm—TﬁWV ar'e Saved in
i MetENP_parameters.json

p-adj Method: fdr; NA filtering criteria: S0percent; p-value cutoff: 0.05; Fold change cutoff: 0.5

Metabolite class level: sub_class . . . .
Minimum number of metaBolites: 3 |n5|de The Z|p f[le
Species: ofa

Pathway enrichment (Fathways from all KEGG pathways): FALSE

Gene analysis: FALSE


mailto:mano@sdsc.edu
mailto:susrinivasan@eng.ucsd.edu

Visualization Plots

Volcano Plot

sub-class
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. increased metabolites

log2 fold change
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Visualization Plots

Class: sub_class
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PATHWAY

Sphingolipid metabolism

Retinol metabolism

Phosphonate and phosphinate metabolism

Linoleic acid metabolism

Glycerophospholipid metabolism

Arachidonic acid metabolism

alpha-Linolenic acid metabolism

Visualization Plots
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Other Tools

QOverview Upload / Manage Dataé Browse / Search Studies Analyze Studies Tutorials FAQ Data Repository | Databases | Protocols Training / Eventst]| About

Statistics Toolbox for StUdy' ST000915 Qverview Upload / Manage Dataé Browse / Search Studies Analyze Studies Tutorialsé FAQ

Title: Biomarkers of NAFLD progression: a lipidomics approach to an epi Return to Statistics Toolbox

Select a dataset: Volcano Plot analysis for Study ST000915
| Core G Fatty acids/Eicosanoids |

(Analysis All analyses used)
Select one or more experimental factors for Groups 1 and 2. The members of each group should be DIFFERENT.

Run analyses on data in Study ST000915 Dataset: Core G Fatty acids/Eicosanoids Group1 Experimental factor Group2
Metabolite classes (all analyses combined) = Diagnosis:Normal (31)
a Diagnosis:Steatosis (17) a
+ Pie chart of metabolite super classes 0 Diagnosis NASH (20) DO
+ Pie chart of metabolite main classes - 9 - - - -
+ Pie chart of metabolite sub classes Diagnosis.Cirrhosis (20) a
‘P-value cutoff:|0.1 v | Fold-change cutoff;| 1.1 v| Sample normalization: | Mean v |
Normalization and averaging Group by metabolite classification: | Sub class v | Use: Submitted metabolite names v |
+ Perform sample normalization / Show metabolite averages / Run cluster analysis Maximum # of (most significant) metabolites per class to use in pvalue group calculation: | Al v |
+ Perform analyte scaling on data ‘Analysis:| Core G Fatty acids/Eicosanoids v (Combine data for all analyses?: | Run Volcano Plot |

+ Create Relative log abundance plots

Experimental factors selected in each group

Univariate analysis

Group1: |Diagn05is:Cirrhosis |Group2: |Diagnosis:N0rmaI

+ Perform multi-condition dot plot analysis

» Perform Volcano plot analysis -
* Perform ANOVA analysis o . .

9 e
K .o'i_w

Clustering and correlation

+ Perform hierarchial or heatmap cluster analysis
+ Perform Clustered correlation analysis

+ Perform Network analysis on correlated metabolites (mapped to classification)
+ Perform Network analysis on correlated metabolites (mapped to feld-change)

Multivariate analysis

Enrichment by metabolite class Barplot of significant metabolites by metabolite class

+ Perform Principal component analysis
+ Perform Linear discriminant analysis




User dataset

Example 2. Custom dataset

METABOLOMIC S i
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Data Repository | Databases | Protocols Training / Eventse?

Welcome fo the UCSD Metabolomics Workbench, a resource sponsored by the Common Fund of the National Institutes of Health.

ona omics epo | Quick Links - Key Resources v
Upload and Manage Browse and Search Analyze Cth on Analyze
Studies Studies Studies Studies
As of 08/04/22 a total of 2158 studies have been processed by the National Metabolomics Data Repository Tweets by @MetabolomicsWB C.j
(NMDR). There are 1880 publicly available studies and the remainder (278) will be made available subject to ~
their embargo dates. Metabolomics Workbench
Retweeted
Recently released studies on NMDR Gary Siuzdak
@kadzuis

ST002164 - TMEM41B and VMP1 modulate cellular lipid and energy metabolism for facilitating Dengue ) .

irus infection. M ens Si MIT Ali for R h and Technology (SMART Centre) DHA is a great choice of molecule of
virus infection; Homo sapiens; Singapore- iance for Research and Technology | entre the month (lipid) for World Brain Day
ST002220 - Catabolism of branched-chain amino acids (BCAAs) in renal cells HK2 and 786-0: Homo hitps:/itwitter.com/AvantiLipids/status

i /1550192684798730245

saplens; CECAD Research Center
ST002221 - Glutaminolysis contribution to the carbon backbone of aspartate through ATP Citrate Lyase e re v

(ACLY) in ccRCC; Homo sapiens; CECAD Research Center

NIH Common Fund Stage 2

Metabolomics Consortium Centers

https://www.metabolomicsworkbench.org/data/analyze.php



https://www.metabolomicsworkbench.org/data/analyze.php

https://www.metabolomicsworkbench.org/data/analyze.php

Perform data analysis on user-uploaded data

 Load and analyze your own dataset
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« Load and analyze your own dataset by MetENP New! Click here



https://www.metabolomicsworkbench.org/data/analyze.php

Data Upload

Home | Data Repository | Databases | Protocols | Tools | Training / Events | About | Search I

Overview Upload / Manage Studies Browse / Search Studies Analyze Studies Data Sharing Policy Tutorials FAQ

Upload a metabolomics data file (.csv or .txt): ‘ Choose File | No file chosen

- Upload the
metabolomics data.

Please check the data format of your file.

| Sample names in 1st column
| Metabolites names in 1st column
Start Upload

A

Select the correct
format

Input file structure of metabolomics data file

Metabolomics data file. Please check here for formats of the input file:
» Metabolites names in 1st column .
e Sample names in 1st column Check example files

The second example file is taken from Metaboanalyst &
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Home | Data Repository | Databases | Protocols | Tools | Training / Events | About | Search

Overview Upload / Manage Studies Browse / Search Studies Analyze Studies Data Sharing Policy Tutorials FAQ

Upload a metabolomics data file (.csv or .txt): ‘ Choose File | example.txt

Please check the data format of your file.

(] Sample names in 1st column AfTer‘ YOU hl"' ‘S"'Gr"" UplOC(d' bUTTon,
‘t Metaoltes names in Tt column you can run the whole analysis like in
art Uploa
Example 1

Input file structure of metabolomics data file

Metabolomics data file. Please check here for formats of the input file:

» Metabolites names in 1st column
» Sample names in 1st column

The second example file is taken from Metaboanalyst &2



MetENP Jupyter notebook available on GitHub

&« C @

O & https://github.com/metabolomicsworkbench/MetENP

3] Import bookmarks... -ﬁ- Most Visited @ Getting Started

Pull requests

Issues Marketplace Explore

https://github.com/metabolomicsworkbench/MetENP © =

(3 Other Bookmarks

& metabolomicsworkbench / MetENP  rubiic

<> Code () lIssues

op

Ri-rEiriirii-Bl BN BN B B BN Al )

i1 Pullrequests () Actions [ Projects [0 Wiki @ Security [+ Insights

main ~ ¥ 3 branches © 0 tags

mano-at-sdsc Update README.md

R

binder

data
inst/extdata
man
vignettes
.DS_Store
DESCRIPTION
LICENSE
MetENP.Rproj

NAMESPACE

Update pathinfo.R

Update postBuild

Delete human_cachexia.csv
Add files via upload
Update plot_heatmap.Rd
Add files via upload
updating appyter

Update DESCRIPTION
Initial commit

Add files via upload

Add files via upload

{2 EditPins ~

Go to file Add file =

923c8bb on Apr5 {1106 commits

2 months ago
2 months ago
2 years ago

2 years ago

2 years ago

2 months ago
14 months ago
2 months ago
2 years ago

2 years ago

2 years ago

O Watch 4 ~ Y Fork 3 ¥y Star 2 -

About

No description, website, or topics provided.

M Readme

MIT license

4 watching
3 forks

s
v 2 stars
O}
k3
Releases

No releases published
Create a new release

Packages

No packages published
Publish your first package

Unix command to clone MetENP: git clone https://github.com/metabolomicsworkbench/MetENP.git MetENP


https://github.com/metabolomicsworkbench/MetENP

MetENP on Mybinder

Search/find the studies of interest on the MW website, then use Jupyter notebook to do custom analysis related to that study.
Example study: https://www.metabolomicsworkbench.org/data/DRCCMetadata.php?Mode=Study&StudylD=ST000915

https://mybinder.org/v2/gh/metabolomicsworkbench/MetENP/test01?filepath=vignettes%2FMetENP vignette Jupyter notebook.ipynb

:Jupyter MetENP_vignette_Jupyter_notebook (unsaved changes) Q Visitrepo || Copy Binder link
File Edit View Insert Cell Kernel Help Trusted |R 0]
B + << & B o &% PRin B C W Coe v | =3

MetENP

MetENP is a R package that enables detection of significant metabolites from metabolite information (names or names and concentration along with metadata
information) and provides

1. Enrichment score of metabolite class,

2. Maps to pathway of the species of choice,

3. Calculate enrichment score of pathways,

4. Plots the pathways and shows the metabolite increase or decrease
5. Gets gene info, reaction info, enzyme info

For more info, check out the vignette.

In [1]: if (!requireNamespace ("KEGGREST", quietly = TEUE)})
BiocManager: :install ("KEGGREST", update = TRUE, ask = FALSE)

if (!'requireNamespace ("KEGGgraph", quietly = TRUE)})
BiocManager: :install ("KEGGgraph", update = TRUE, ask = FALSE)

if (!requireNamespace ("pathview", quietly = TRUE)})
BiocManager: :install ("pathview", update = TRUE, ask = FALSE)

if (!'requireNamespace ("KEGG.db", quietly = TRUE)})
BiocManager: :install ("KEGG.db", update = TRUE, ask = FALSE)

if (!requireNamespace ("MetENP", quietly = TRUE))
devtools::install ("..", upgrade = "never")


https://mybinder.org/v2/gh/metabolomicsworkbench/MetENP/test01?filepath=vignettes%2FMetENP_vignette_Jupyter_notebook.ipynb
https://www.metabolomicsworkbench.org/data/DRCCMetadata.php?Mode=Study&StudyID=ST000915

For any difficulty in running the application or other questions, contact
Mano Maurya (mano@sdsc.edu),

Sumana Srinivasan (susrinivasan@eng.ucsd.edu) or

Shankar Subramaniam (shankar@ucsd.edu).
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