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Chemistry defines species ...



... and their interactions



To heal themselvesTo understand Nature



200 years of natural products research

< 1% of plant metabolites  
have been characterized

Several centuries required 
to fully document plant 
metabolites

Physical isolation 
requires monthes of work

~ 350'000 compounds 
~ 30'000 species 
~ 10 compounds for 10 % of species
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1 sample - 10 min 
> 100 samples / day

1 sample 
10 min 
10'000 spectra 
500 annotations



Concept of MCSM

Maximum Common Sub-Metabolome and its branches

In large scale sequencing initiative one sequenced 
sample is enough to capture the genetic potential of the 
whole species.

In metabolomics, sampling at different life stages, 
different organs or in different environmental conditions 
will lead to different metabolic profiles. This is both a 
weakness (in terms of required experiments) and an 
incredible strength.

Stacking metabolomes for a single species
Specimen sampled in several conditions

(e.g. environmental conditions, organ, life stage)

Just like Maximum Common Substructures calculations in chemoinformatics, we 
propose the concept Maximum Common Sub-Metabolome. This is possible thanks to 
i) Knowledge Graph based structure ii) unconventional alignement approaches (e.g 
vectorizing spectral information at the sample level)


This MCSM will:

- capture the most stable metabolic fingerprint of a species

- inform on biosynthetic pathways invested in or shut down under several conditions

- the higher the number of layers, the more robust the MCSM

- can be applied at any taxa levels an even across the total Earth Metabolome

- can be compared across conditions

MCSM

metabolites required at 
early life stages only

metabolites produced by 
roots only

metabolites lost 
under drought stress

metabolites produced 
under drought stress

Challenges

Opportunities



https://www.worldwildlife.org/publications/living-planet-report-2020
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Profile the metabolic content of all 
currently known species on Earth.

A massive undertaking ...
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... with three objectives

• Explore and understand the chemical 
foundations of the biosphere  

• Benefit human society 
• Protect biodiversity
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User community
Researchers, policy makers,

industry, national parks,
curators, public etc.

HO

O
OH

OH

OH

Project n

Project IV

Project III

Project 1

METABOLOME
EARTH

K N OW L E D G E
B A S E

BUILDING KNOWLEDGE

Accessing 
chemodiversity

Knowledge 
acquisition

Knowledge 
dissemination

Project II

Knowledge 
organisation



User community
Researchers, policy makers,

industry, national parks,
curators, public etc.

HO

O
OH

OH

OH

Project n

Project IV

Project III

Project 1

METABOLOME
EARTH

K N OW L E D G E
B A S E

BUILDING KNOWLEDGE

Accessing 
chemodiversity

Knowledge 
acquisition

Knowledge 
dissemination

Advance
life sciences

Project II

Knowledge 
organisation



User community
Researchers, policy makers,

industry, national parks,
curators, public etc.

HO

O
OH

OH

OH

Project n

Project IV

Project III

Project 1

METABOLOME
EARTH

K N OW L E D G E
B A S E

BUILDING KNOWLEDGE

Accessing 
chemodiversity

Benefit
human society

Knowledge 
acquisition

Knowledge 
dissemination

Advance
life sciences

Project II

Knowledge 
organisation



User community
Researchers, policy makers,

industry, national parks,
curators, public etc.

HO

O
OH

OH

OH

Project n

Project IV

Project III

Project 1

METABOLOME
EARTH

K N OW L E D G E
B A S E

BUILDING KNOWLEDGE

Accessing 
chemodiversity

Protect
biodiversity

Benefit
human society

Knowledge 
acquisition

Knowledge 
dissemination

Advance
life sciences

Project II

Knowledge 
organisation



User community
Researchers, policy makers,

industry, national parks,
curators, public etc.

HO

O
OH

OH

OH

Project n

Project IV

Project III

Project 1

METABOLOME
EARTH

K N OW L E D G E
B A S E

BUILDING KNOWLEDGE

MAKING IMPACT

Accessing 
chemodiversity

Protect
biodiversity

Benefit
human society

Knowledge 
acquisition

Knowledge 
dissemination

Advance
life sciences

Project II

Knowledge 
organisation



METABOLOME
EARTH
I N I T I AT I V E





Wild ecosystems

Botanical gardens

Laboratory plants

Diversity 
(species)

Sampling 
(easiness of)

Functions 
(understanding of)

Diversity 
(species)

Sampling 
(easiness of)

Functions 
(understanding of)

Diversity 
(species)

Sampling 
(easiness of)

Functions 
(understanding of)

Conditions 
(control of environmental)

Conditions 
(control of environmental)

Conditions 
(control of environmental)



Wild ecosystems

Botanical gardens

Laboratory plants

Diversity 
(species)

Sampling 
(easiness of)

Functions 
(understanding of)

Diversity 
(species)

Sampling 
(easiness of)

Functions 
(understanding of)

Diversity 
(species)

Sampling 
(easiness of)

Functions 
(understanding of)

Conditions 
(control of environmental)

Conditions 
(control of environmental)

Conditions 
(control of environmental)



Wild ecosystems

Botanical gardens

Laboratory plants

Diversity 
(species)

Sampling 
(easiness of)

Functions 
(understanding of)

Diversity 
(species)

Sampling 
(easiness of)

Functions 
(understanding of)

Diversity 
(species)

Sampling 
(easiness of)

Functions 
(understanding of)

Conditions 
(control of environmental)

Conditions 
(control of environmental)

Conditions 
(control of environmental)



Wild ecosystems

Botanical gardens

Laboratory plants

Diversity 
(species)

Sampling 
(easiness of)

Functions 
(understanding of)

Diversity 
(species)

Sampling 
(easiness of)

Functions 
(understanding of)

Diversity 
(species)

Sampling 
(easiness of)

Functions 
(understanding of)

Conditions 
(control of environmental)

Conditions 
(control of environmental)

Conditions 
(control of environmental)





http://directus.dbgi.org/admin/content/pyinat
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https://www.inaturalist.org/projects/digital-botanical-gardens-initiative


https://www.inaturalist.org/observations/139418389

https://www.inaturalist.org/projects/digital-botanical-gardens-initiative
https://www.inaturalist.org/observations/139418389
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https://enpkg.commons-lab.org/graphdb/

https://doi.org/10.1021/acscentsci.3c00800
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