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RefMet (A Reference list of Metabolite names): what is it?
A standardized reference nomenclature for metabolite species identified in metabolomics 
experiments. 

Why do we need it?
There's a huge amount of diversity in reporting names of metabolite species detected by MS 
and NMR analyses. Having a standardized nomenclature is an essential prerequisite for the 
ability to compare and contrast metabolite data across different experiments and studies, and 
also to link to other key resources such as data integration, biochemical pathways, chemical 
classification and systems biology objectives.

How is it implemented?
A set of over 2,000 studies with over 350,000 named metabolites deposited on the 
Metabolomics Workbench has been leveraged to generate a highly curated analytical 
chemistry-centric database of common names for metabolite structures and isobaric species. 
All entries are linked to a metabolite classification system. RefMet is searchable and may be 
freely downloaded. A name-conversion user interface is provided where users can submit a list 
of metabolite names and map them to the corresponding RefMet names.



Level 1: Complete structure  level 
Comments Exact structure (including stereochemistry and bond geometry)
Examples: PGE2, 12S-HETE, Cholic acid

Level 2: Regiochemistry level 
Comments Known regiochemistry (excluding stereochemistry and bond geometry)
Examples: 12-HETE, 3-Hydroxytetradecanoic acid, Hexose

Level 3: Molecular Species level 
Comments Information on structural features, but complete regiochemistry unknown
Examples: PC 16:0_18:1 , Hydroxytetradecanoic acid, Citric acid/Isocitric acid, Leucine/Isoleucine

Level 4: Species level 
Comments Metabolite class, number of chain carbons and unsaturations known
Examples: PC 34:1 , TG 54:3 , Cer d42:2  or Cer 42;2;O2

RefMet annotation levels



Grp 1: Exact structures (chirality, DB geometry)
e.g. Alanine, PGE2, 12S-HETE, Cholic acid
Grp 2: Known regiochemistry
e.g. 12-HETE, 3-Hydroxytetradecanoic acid
Grp 3: Partial structures
e.g. PC(16:0_18:1), Hydroxytetradecanoic acid
Grp 4: Sum-composition 
e.g. Cer(d42:2), PC(34:1), TG(54:3)

RefMet DB Metabolite structure DB

Other metabolite structures

RefMet Structures
Group 1 and 2 

Metabolite identifications
From NMDR

Harmonization,
Annotation,

Classification

Metabolite structures  from 
public sources

Standardized  metabolite nomenclature Database of molecular structures



RefMet
(~162,000 standardized names)

Metabolite Structure DB
(~164,000 structures)

~25,000 defined structures
(Grp1, Grp2)

~137,000 partially defined 
metabolite species lacking 

molecular structures
(Grp3,Grp4)

~139,000
metabolite structures

not in RefMet

Relationship between RefMet and Metabolite Structure DB



Metabolite nomenclature harmonization is an important consideration

lysoPhosphatidylcholine acyl C16:0
lysoPC 16:0; [M+H]+@1.47
LysoPC (16:0)_R1
lysoPC 16:0; [M+H]+@1.55
LPC 16:0
lysoPC 16:0; [M+H]+@1.80
lysoPC 16:0; [M+Na]+@1.95
Lyso-PC(16:0)
Hexadecanoyl-sn-glycero-3-phosphocholine-
palmitoylglycerophosphocholine
palmitoylglycerophosphocholine (16:0)
Palmitoyl-Gpc (16:0)
LPC C16:0
LPC(16:0)
LPC(16:0) [sn1]
LPC(a-16:0)
LPC(a-16:0)-1
LPC(a-16:0)-2
LysoPC (16:0)
LysoPC (16:0)_R2
LysoPC(16:0)
PALMITOYLGLYCEROPHOSPHOCHOLINE
PALMITOYLGLYCEROPHOSPHOCHOLINE (*)
PC(16:0_0:0)
… etc

NMDR: DIFFERENT SUBMITTED NAMES for the same metabolite

LPC 16:0
(RefMet name)



9Z-palmitoleic acid
Cis-9-palmitoleic acid
cis-9-Palmitoleic acid
cis-9-Palmitoleic acid TOTAL
FFA(16:1n-7)
palmitoleic acid
PALMITOLEIC ACID
palmitoleic acid

AC(8:0)
Acylcarnitine C8:0
Acylcarnitine(C8:0)
C8, Octanoylcarnitine
C8:0 acylcarnitine
Octanoylcarnitine
OCTANOYLCARNITINE
Octanoyl-L-carnitine

alpha-glucose
beta-glucose
D-Glucose
glucose

PC(p-38:2) or PC(o-38:3)
PC(p-38:3) or PC(o-38:4) A
PC(p-38:3)/PC(o-38:4)

C24 Ceramide
C24-Cer
Cer(d18:1/24:0)

GPEtn 16:0_18:2 
PE(16:0_18:2)

Palmitoleic acid 

CAR 8:0

Glucose

PC P-38:3 or PC O-38:4

Cer 18:1;O2/24:0

PE 16:0_18:2 

Examples of metabolite names which were mapped to RefMet names in order to enable 
comparative analysis across studies



https://www.metabolomicsworkbench.org/databases/refmet/

Currently, there are over 160,000 metabolite species in RefMet



Convert a list of metabolite names to RefMet nomenclature



Metabolite name-to-RefMet conversion results



RefMet Search Page
Search by: Exact mass, Formula, Name, chemical class, InChI Key, structure



RefMet detail page for Asparagine

Calculate m/z for a MS adduct of asparagine

View enantiomers/diastereomers (if any)

View biochemical reactions involving asparagine

View other metabolites with this formula

View entry in the Metabolite Structure database 
(more detailed structural information)



RefMet/Metabolite databases have links to MONA MS spectra
Example: https://www.metabolomicsworkbench.org/data/StructureData.php?RegNo=37135

RefMet database 

Metabolite database 

Listing of MONA spectra for metabolite



RefMet Metabolite Classification and indexing

RefMet database with indexed metabolite classification

LIPID MAPS
Classification

Lipids Non-lipids

ClassyFire
Classification

Uncurated classes

Curation,
Indexing

Indexing

Indexing of metabolite classes/subclasses facilitates logical ordering of data 



RefMet classification at superclass, main class and sub class levels
available for each study in Analysis Toolbox

Example: see pie-charts at https://www.metabolomicsworkbench.org/data/stats_toolbox.php?STUDY_ID=ST001140



Metabolites detected in 
NMDR studies

RefMet
(standardized names)

Metabolite 
classification

MW metabolite 
structure database

Biochemical pathways

Structure details

Central role of RefMet on the Metabolomics Workbench

Compare/contrast studies

Statistical/graphical analysis

Summary reports/statistics

External  datasharing
via REST services
and other portals



RefMet: What are the positive outcomes?
A unifying nomenclature and data integration tool for reporting metabolites 
detected by analytical methods.

Ability to perform comparative analysis across metabolomics studies.

Exact structures are linked to metabolite structure database.

Comprehensive chemical classification provides numerous advantages for data 
visualization/statistical analysis.

Integration with biochemical pathway tools enables mapping of RefMet names 
via systems biology approaches.



Metabolomics Workbench Metabolite structure database
~164,000  metabolite structures and annotations Linked to NMDR studies via RefMet



Browse the Metabolomics Workbench Metabolite structure database

Click on “Studies” link to access 
studies reporting that metabolite

Click on “Structure” link to access 
metabolite detail page



Metabolite Database : Molecule Detail View



Metabolite Database : View MoNA MS spectra



Text search on the Metabolomics Workbench Metabolite structure database

Lipid classification example



Text search on the Metabolomics Workbench Metabolite structure database

InChIKey example:Search on 1st 14 characters of InchIKey for cholic acid returns enantiomers, diastereomers



Text search on the Metabolomics Workbench Metabolite structure database

Metabolite name  example



Structure search on Metabolomics Workbench Metabolite structure database



Mass (m/z) search on Metabolomics Workbench Metabolite structure database

Choose database to search, m/z tolerance, 
ion adducts. Enter list of ions or upload a 
peaklist
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