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'Met »+* METABOLOME, THE CHEMICAL BROTHER...

fb.com/ScienceNaturePage

makeagifcom

All matter is made up of molecules.

Matter composition reflects the functioning
of the whole molecular, cellular
machinery...

Metabolome

= complete set of small molecules (< 1500 Da)
= byproducts of metabolism

= closer to the phenotype
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“TMet- »* METABOLISM ?

From ancient Greek
ueraBoAn (metabol€) = "change”

Athena, goddess of reason, wisdom and knowledge...

It involves interconversions of chemical compounds, e.g. metabolites

Metabolite precursors are transformed into end products
via many specific intermediates
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A network biochemical reactions, in living cells, well organised, integrated

and regulated, and related to various metabolites and biomolecules:
* Primary (central) compounds

« Secondary (specialised) compounds in plants (i.e. natural products)...
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5 Met-»+* PRIMARY VS SECONDARY METABOLITES

nicotine glucose

H\O Secondary Primary CHEOOH

XN (specialised) (central) OH
| P (|3H3 metabolites metabolites On OH

N OH

Carbohydrates

Terpenes Organic acids
Phenolics Amino acids

Alkaloids & Lipids

Glucosinolates | Nucleotides

Nucleic acids

All other metabolites, Universal metabolites
typically involved in that originate from
environmental interactions primary metabolism

and ensuring
vital processes
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Met »+*GENERAL ROLES OF SECONDARY METABOLITES
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Plant defence Plant reproduction Abiotic factors And somelimes...
development!

i Phosphoenol Pyruvate =) pyruvate \4 5 J -
| shikimic Acid | Ny Yoo N —t—
a Acetyl-CoA | . MEpP
| Pathway | ) / (—  Pathway -
l Tricarbonylic Ackd |  Mevalonic Acid | | 3
Aromatic Cycle h [ &
aminoacids . . Pathway
Aliphatic [ Malonic Acid Pathway
aminoacids I
‘ / Secondary Metabolites ’
N-containing 4
secondary metabolites Fiwnolic ;:ompounds > Terpenes

Rigobello-Masini and Masini, 2021



https://dx.doi.org/10.47204/EBR.1.1.2021.1-21
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Metabolomics = high-throughput analysis of metabolites, byproducts of the metabolism

Metabolomics is the simultaneous (“multiparallel”) measurement of all cellular metabolites (a large
number, typically several thousands). Many of these are not identified (e.g. peaks in a profile, features).

Genomics /\f\ DNA mostly known  low low
' tomato ] ]
~ 35 000 genes
g
Transcriptomics | AR mRNA A s,
1) ]
= >
~ 50 000 transcripts ;—, §
I
3 £
Proteomics Protein 2 =
< ®
>
l ~ 35 000 proteins 2
Metabolomics Metabolite NNV
~ 100 000 metabolites mostly high high

iy C ﬁlaﬁ.fﬁﬁffcfe ”"é%',f’ni;rfux Phenotype Adapted from Rolin et al. (2021)



https://www.sciencedirect.com/science/article/pii/S006522962100046X
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Bordeaux
METABOLOME
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Headed by Open facility for metabolome studies

P. Pétriacq

& J. Valls Supported by 4 Research Units

«  UMR1332 BFP (INRAE, UBXx)

«  UMR5200 LBM (CNRS, UBXx)

«  UMR1366 CEnologie (INRAE, UBX)
*  UR EABX (INRAE)

And 3 Institutes

« INRAE
. Uni. Bordeaux
* CNRS

Local and national recognitions
IBiSA 2008 (audit 2020)

LRQA

CERTIFIED INRA 2008, 2013
ISC INRAE 2018 (audit 2020)
ISO 9001 FED Uni. Bordeaux (2019, 2023)

ISO 9001:2015 (2023)

Part of Uni. Bordeaux Facility Core (32 facilities)

Node of MetaboHUB National Infrastructure (MetaboHUB-Bordeaux)
Member of PHENOME-EMPHASIS

Fédération sy 7
FRAQ Plateformes n IVEI'S ite
de recherche “BORDEAUX
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- EPPN 2020

Bordeaux Metabolome Facility

Bordezsux Metabolome Facility provides equiprments and expertize for the study of
metabolome, lipidome and metabolic fluxes The facility i= mostly dedicated to the
study of plant or plant-derived products

B 181

Ly il Y

Aims

Bordezsux Metsbolome Facilty, supported by three Institutes (INRAE CHRS and
Bordezux University), gathers equipments and expertise for the study of metabolism and
sble to the scientific commmunity.

INRAZ vrivesice @

The Facility performs adaptations and technological developments znd designs and
rmplements analytical strategies and bicinformatics tools for metabolomics, metabolic

mzke them ava

phenotyping, lipidomics and fluxomics.

The Facility supports studies of plant functionsl genomics, genetics, pathology,
ecophysiclogy and systems biology for regional, national and international research
s slso used for the study of plant-derived products znd for
pharmacological approaches

https://metabolome.u-bordeaux.fr/
http://www.metabohub.fr/

programs. It
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METABOHUB

q’ Bordeaux
METABOLOME

Distributed & coordinated infrastructure for metabolomics & fluxomics
Devoted to innovation, training and technology transfer

Fluxomics

Metabolism

Metabolomics

Dynamic analysis

Biological context

\.

Flux measurements

Isoptope tracing

J

Biological
investigation

Sample
preparation

Analysis (MS/NMR)

Data analysis

Quantification

Compoud identification

53
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MetaboHUB objective:

analysis of metabolomics & fluxomics data to
: from cell to population.

FRA@
—

Databases, MS/MS

Automatic peak detection

Samples I

Statistical analysis

E r cENTROLS
f :‘_‘-‘2(,. am CASES
N T . 10 ; A
ZZZZZZZ g
~10001 ’
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~ ‘ \ P ‘
Credit JCP

for the production and

ANR-11-INBS-0010

RNCE
ATANBNCE

Dir: Fabien Jourdan,
Floriant Bellvert,
Frangois Fenaille

Challenges:

* Coverage of the metabolome: need for
complementary analytical approaches

* Quantification: measurement requiring the use of
labelled standards

 Sensitivity: R&D development to reduce the need for
sample volumes

* Scalability: moving from cellular to organism level
fluxes

* Interoperability: data and methods to apply large-
scale studies over time

Cross-sectional approach

v < 1on Al

Plant sciences - Biotech. — Nutrition - Personalized medicine



http://www.clker.com/clipart-10573.html
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METABOLOME

*1INMR . & = e ~ 25-40 publications/year ) INRA@
e 10 MS e 1 patent (2018) g
L 4 RObOtS “ - °> 80 users Fédération . TN 4
. . e > 50 people trained to facility SiAtathonse /dn:’l‘\é%lnsniérsux
e ? Mlcrof|UIdl_§S systems techniques: (under)grads, PHEE;CNT; ’ I
' . . . PhDs, Postdocs, visiting LN A=

cientists...) and B2AS Master

adhe
Training and
diffusion () Ferment

Transfer units

&5  https://metabolome.u-bordeaux.fr/

Functioning budget POLYPHENOLS

" 300 ke e I
55 % institute funds M o (KINAO
141 B 45 % contracts CHANEL ‘s
| ||r"| l il & servicing
e PASY | »» LOREAL
( o g
Local
Projects . : 8%
e 4 activities/ 4 sites * ;861880”0]%?5 / year . Private
. N o samples /year '
29 permanent staff (~ 10 FTE) CNRS UBx « 5 EU, 17 ANR projects... 17%
e2 CDD MTH 4 (22%) 9 (33%) National
e 7 PhDs NRAE 56% International
. 12 (45%) J 19%

Fédération . sy 7
FRAQ Plateformes /dn iversite
___/  derecherche “BORDEAUX
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Met: <+ MTH-BORDEAUX: ANALYTICAL DOMAINS

:r Bordeaux
METABOLOME

METABOLOMICS (MET) . pétriacq (BFP, EABX)

p INRAZ ma(ge\ed Response & predictive biomarkers of plant performance (growth & stress)
B U c ge\e Breeding, Screening of genetic resources (modelling, functional genomics)
‘ ta Microbial Ecosystems responses to global changes (e.g. periphyton)
. BIOCHEMICAL PHENOTYPING (HITME) v. ibon (8Fp)
a

oM\
AT b'F 0o ,“\ \\\le Metabolic modelling (metabolites & enzymes)
[ qu ual Plant systems biology
0 . ..
N Microfluidics (R&D)

/ e PHENOLICS ANALYSES (POL) 3. valis & T. Richard (0eno)
i::ll:eo dleerecherche ) L a"
sssss A n!e\éginsﬁlgsux \\\ \\\' Composition & effect characterisation of processed products (wine, vine...)
Wine/Food authenticity
(< INRAG  arcet®® LIPIDOMICS (LIP) L. Fouillen (LBM, EABX)
{2
BIOGENESE MEMBRANAIRE  momzt | Lipid metabolism, signalling & storage

& CHANGEMENTS GLOBAUX [EABX]

Mostly for plant sciences
& plant-derived products

z> Large omic datasets

are analysed by Al

=~ Fédeér TV - 4] HE S
FFFFFF Plateformes n IVE| sife PHENPME ’x '
" C de recherche “BORDEAUX I N RA@ . N j EPPNTE
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METABOLOME

For high-throughput extraction
before LC-MS
or NMR metabolomic profiling

For targeted determination of major
compounds & metabolic markers
of oxidative metabolism

For measurement of enzyme activities
of central & redox metabolisms

Microfluidics too !
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METABOLOME
GCMS MICROFLUIDICS TRIBRID QTOF MS GCMS

PYROLYSIS WHITE ROOM, 3D PRINTER UHRMS IMAGING, LIPIDOMICS
PHOTOLITHOGRAPHY ION MOBILITY FED, DISC

IBISA + DISC EQUIPEX+ EQUIPEX+ CPER UBX 2024

2022 2023 2024 2024

L
[CRTEs

M. Maucourt C. Marais

5 Increase analytical capacities:
C\ T throughput, metabolome coverage, annotation, imaging...
FFFFFF Plateformes )

de recherche “BORDEAUX
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METABOLOME

o First method for simultaneous profiling of anionic phospholipids (PA, PS, PI, PIP and PIP2) in plants

9 0 oH OH O’P‘OH
/\/\/\/\/\/\/\/\)]\ /\(\O’P‘Ow

\/\A_A_AMr

O

Actualités Agenda Appels a candidature Librairie ATIP-Avenir Annuaires Intranet CNRS.FR

BIOGENESE MEMBRANAIRE

INSB Recherche Innovation International

scoueil s Actualitas

__ ./ Sécurité alimentaire : I'édition du
et ‘ génome permet d’obtenir du riz
W% résistant a de multiple pathogénes

Champignon pathogéne

PORLOBp O RONSORLUNSGNAS

0 <
*lo - Y ”
6 1 Lol 11 19 Y 4 0/ = N
© 2008-2023 - Binette & lardin &dité par My H ’ 0" 0
Beautiful Company il 0 |0) RBL1 infection
0 J — > >
9 .. 0 renanent
ofels 8 (L RBL1“2 : » infefion
Al ’. Al | | editiongénétique rendement
1510
e {2 > 9 Y infe)(ion
@ & & a 0 bl —» —>
?!'\\ ‘S.Q\ /L(Q\ LA 0l s 0 | mutant fort rendyfnent |
L) 9 N Y 4
ol () () | —
U1 [

Genva et al. 2023 Plant J

Fédérat s
FRAQ Plateformes n IVEI'S ite
de recherche “BORDEAUX © Yohann Bouts, figure générée sur BioRender

Sha et al. 2023 Nature




[‘o‘% METABO1| j,
15 Met: <+ MTH-BORDEAUX: HIGHLIGHTS \4B Bordeaux

METABOLOME

o Metabolomics approaches towards aquatic chemical ecology & ecotoxicology INRA@

ECOSYSTEMES AQUATIQUES
& CHANGEMENTS GLOBAUX [EABX]

Metabolomic uncovering of allelopathic interaction Sensitivity shift of the meta-metabolome and
between invasive macrophytes and cyanobacteria blooms photosynthesis to the chemical stress in periphyton
in freshwater ecosystems between months along one year and a half period

5 I % “ Alkaloids - . @ ceo
|- g i Month
® 5 A ED 2 | . ) Month
; * Amino acids and - e @ - April_2022
3 Peptides May_2022
g [s0%} w o July_2022
3 2 ® August_2022
b4 ’ ] Carbohydrates -
2 n
=] o
I ED o ® March_2023
3 = Lipids - . e - April_2023
) % a [ox] o £
e 50 50 . e S 50 i % oot} XN (N DN g Polyketides - : - Number
* B SmeMeaew |8 T BMD1SD_value (ug L-1) of metabolites
@ & —
% 22% Shikimates and | -
Phenylpropan
; ; . : April_2022 May_2022 July_2022 enylpropanoids L
§ M Alkaloids @ Amino acids and Peptides
) @ Carbohydrates [ Fatty acids Terpenoids - . ne
. @ Polyketides O Shikimates and Phenylpropanoids | | | |
H Terpenoids 0.01 0.1 1 10
n BMD1SD_value (ug L-1)
August_2022 January_2023 February_2023 Metabolites classes

VIP score

&

7 Sgrais: 85
March_2023 April_2023 August_2023

WM A ™

Tison-Rosebery et al. 2023 Comptes Rendus Ac Sci

FRA@ Fedération e A . . .
C Plateformes ”"é%',{},';rfux Medina et al. 2024 Sciences of the Total Environement

de recherche
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METABOLOME
_____INpuTDATA RESPONSE ..

[ Vo PHENOTYPE TRAITS | i :
' LARGE SCALE / OMICS | : . PREDICTIVE MODEL(S)
i :—: i I‘::::::::::::::::::::::::l
! TARGETED o : l :
| L ! . RECOMMENDATION(S)

GENOMICS /N\/" DNA Low

TRANSCRIPTOMICS AR mMRNA
SYSTEMS BIOLOGY l

—)

PROTEOMICS PROTEIN

Eél
o e §

PHENOTYPE
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MTH-BORDEAUX: HIGHLIGHTS Bordeaux

METABOLOME

o Metabolome modelling to decipher plant performance

PONTIFICIA Fédéra

) UNIVERSIDAD Plateformes niversite
CATOLICA de recherche “BORDEAUX

DE CHILE

BIOLOGIE
DU FRUIT
ET PATHOLOGIE

o Machine learning of metabolome data to predict phenotype traits

Plant cohort metabolomic studies Rhizochemistry and soil bacterial community

EXPLORATION & CLASSIFICATION:
_ STATISTICS | MACHINE LEARNING

\ MODELS /
STATISTICS / MACHINE LEARNING N 7
S (5)H LA, spi ]

;’ LR, PLS, SVM, RF, GLM, KNN b SR S
1 + PREDICTIVE MODEL(S), }

Output: .‘ a Number of significant features Percentage of features responding significantly
RESPONSE : in soil samples to elevation in one or two plant species (%)
- TRAINING (models learn the task) | 250 200 150 100 50 0 0 20 40 60 80
1 ! : D N [[] Soil samples [ One plant species
METABOLOME DATA ! REPLICATION/ VALIDATION : i KNowLEDGE, ! (@) LA imb- (2) A spi BT lant "
FROM COHORT STUDIES i (robustness?) } . SIGNATURES { . 1M A 5Pt WO plant species
22 A i g g oRemeSsRasssasauEy : y Corresponding
: 2 plant species
i ( VALIDATE
' PREDICTIVE MODELLING:  \ |
i

I e e e v s S s e »?' - e
% // REFNE& \ R : (54) - A imb (17)A. spi/J. fii
@,\@ ’l ' RECOMMENDATION(S) |

| AT R i | TRAINING (models lean the task) | BlomARKkERs |
Ha“aret al. 2023 TrAC IR VALIDATION (which model s best?) | (215)‘ ‘ i (©2)4 p
i\ TesT (how good is the model trul ]
L ——— b 20 ennalbeneﬂcaleﬂec( regarding: C 20 Potential benefical effect regarding:
Dmugm M Metal
Phytochemical diversity vs extreme habltats : @ . D emcomponton s ateeca
g o ) Nitrogen cycle B F‘hDsphcruus cycle
5 @ g T Growth
of 24 extremophiles (+ 11 crops) 5. S,
2 :
a @ 5
A Pd)gm 5 < B E @ g
> © o © ) o
10 b b Best 39 predictors QO Metabolism < »Sub-pathway £ ‘;5
2 £
g - W Secondary metabolism  OFlavonoids ° 10 o
R ‘ O Regulator OPhenylpropanoids & 8 @) £
o | W Primary metabolism OCinamic acids ® BT K
0§ dSalt artefact @EPhenolic glycosides £ i g
(o= : ONot defined @ Triterpenes @ o
g2 FR i B Carotenoids i = GYE ]
€ Zos T @ Quaternary ammoniums 5 s ™ O 5
o© 1 H H . W Alkaloid biosynthesis P W by
2 E P ! _yBiochemical pathway  [JJasmonates 5 3 5
5 0 i 3 OPhenolics — DOStarch and sucrose derivatives £ £
@ 204 1 M Terpenes E:&"hU'DS'dg 1sotid E 2
(G 4 1 i lNitrogencompGunds mino and nucleotide sugars
22 :
82 i M Alkaloids Alanine, aspartate and
8L O'gi f fi e 0
"o OHormones g ulamae envatves
 go2 DCarbohydrates ECysteine and methionite derivatives 22 %YL B LeLEEeRETREYT LY I EEEEEEE N EE ]
g B Amino acids Arinine and profine derivatives SEiiERiRIRR 0 SESEEEREEEERRERE
~ 55 FEE S 2 5 =2c oS 558 EEE & 5 T E BT 2 3 : S 5 3 5 % 8 H
- D Salt artefact DSalt anefact EREsscgdsifrtesngtEsy 'SEEEREEELEEEREEE
00+ —— ONot defined ENot defined gggsg'ggag.gggggg § £5¢ gE 55 8¢ g g § 22558 8¢
4 Opn 40 50 55 60 65 70 80 gﬁwﬁ’gaggﬂg‘éuiﬁﬁ = ¢ §§§§.§ g T 38 SR 8¢
Occurrence of the compounds in the models (%) asgtFo = kS B T 8 £ O i - & < ga 34§
| @ 3 &

e ) Dussarrat et al. 2022 New Phytol Dussarrat et al. 2025 Soil Biol Biochem
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MTH-BORDEAUX: HIGHLIGHTS

o Metabolome modelling to decipher plant performance

DU FRUIT
ET PATHOLOGIE

Fédération . vy £
Plateformes /é nl\é%LSnIEAeux Qﬁ
de recherche =
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o Metabolic modelling for flux calculation

Comparative constraint-based modelling of fruit development Kinetic model of redox fluxes in the growing tomato fruit

‘ ®  Apple
10 Clementine
| Cucumber DHA_degradaﬁon
®  Eggplant o @
5] ®  Grapevine
= | @ Kwifnit H0 +1/2 WH’O’ -Optimised value
i o Peach .
< (] s DHA =<
3 \ ®  Pepper NADP*\ H;0, )
a S . NAD(P): MDHA .Expenmental value
. °
5 L] o - ‘@
° ® ) '~ P NADEWE OROS processing
° o % <Y ] P ASC
-10 P [ Y ® g0
0 1\ e e OAmioxidant recycling
\ G0
A
07\
\
-10 A‘\
A\
20 T\
A 7T v Vv \ —\
PC1 (47%) 30 1\ : 3 45 10 5 0 5 -0 15
30 25 3
Rez (8% Fruit development
________________________________________________________ >
(b) " Cucumber  Eggplant Pepper Peach Apple Clementine Grapevine  Kiwifruit Cellular division Cellular expansion Ripening
® 5
[}
G 4
g . . ® ‘
D, 5 Ty ——— Anthesis 8 DPA 14 DPA 35 DPA Turning
% b “TCA&TPC”cluster T T T T T TS TS T TS e e
> T | i Metabolite HzOA H,0, H,0. H,0,
x "o i
c °p ' oMt oAl 1S il |
: ulliny
. Enyme APl APX cAT
010 20 300 10 20 300 10 20 300 10 20 300 10 20 300 10 20 300 10 20 300 10 20 30 capacity oR . VIDHAR . ‘

Days post anthesis

Colombié et al. 2023 Plant J

m e FRA@

Srun :
Ciencre -
NNOVATION

Decros et al. 2023 New Phytol
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o Metabolome modelling to decipher plant performance

Fédération . sy 7
ISPA Plateformes /dn_ll‘VE‘rSife

7T e S . de recherche BORDEAUX
o Protocol developed to investigate the relationship between plant metabolomes and mycorrhizal symbiosis

DU FRUIT
ET PATHOLOGIE

Elemental analyzer Chemical composition O Deciduous P
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METABOLOME

DU FRUIT
ET PATHOLOGIE

- . 3 i "’f ® Fédération . oy m
o Metabolome modelling to decipher plant performance e [ISPA i Sriversite bfp
0

o Leaf metabolome is highly predictive of plant traits including mycorrhizal partnerships

Clustering analysis
PLSr modelling

Superclass
Phenylpropanoids and polyketides
Organoheterocyclic compounds
Benzenoids
Alkaloids and derivatives
‘ Lipids and lipid-like molecules
Hydrocarbons
Lignans, neolignans and related compounds
ND

0.8

Balanced accuracy
._{ H>
.
5 _h

0.6 . : Type
Angiosperms
= - Gymnosperms
5 ) Lif
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1 i Mycorrhizae
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METABOLOME

o Bordeaux Metabolome supports numerous academic and private projects
o These projects operate at different levels (~ 43% including INRAE)
o Successful combination of MetaboHUB-PHENOME for a unique & useful tool devoted to predictive metabolomics

international h rizon

local & o SusCrop - ERA-NET rope
( isvv  INRAZG GL{ *MICAVE

INSTITUT DES SCIENCES
DE LA VIGNE ET DU VIN

BORDEAUX AQUITAINE ECOSYSTEMES AQUATIQUES

BIOGENESE MEMBRANAIRE & CHANGEMENTS GLOBAUX [EABX]

-‘A\murm
BPS | Borde;:xx Plant Séxex:ce; ﬂ | %%]RSDIEEUX / : re g i O n aI
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Plant Phenotyping Platiorn /7

45MI  SURPF (g toeon
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o Build-up MetaboHUB3.0 towards EU recognition

o Pursue method developments for Cohort studies, Microfluidics/imaging, Fluxomics and Metabolome annotation
o Integrate novel sampling devices for high-throughput metabolic profiling in phenotyping facilities (EU-Met)

o Deploy predictive metabolomics to predict ecosystem services in complex agroecosystems

o Multiscale: integrate heterogeneous data to enhance modelling capacities (GLOMICAVE, MetaboHUB...)
Multispecies: profile biodiversity to uncover generic mechanisms underlying agroecosystem functioning
o Multicompartments: combine plant, soil and water to study complex genotype-phenotype relationships
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