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Représentation des connaissances

Comprendre: Du latin cum (« avec ») et prehensio (« saisir ») : saisir ensemble, embrasser par la pensée.

Comprendre en termes moléculaires comment le systeme plante se maintient et croit
en réponse a de nombreux parametres du milieu tres variables au cours du temps

Exemples: taux de CO,, sécheresse, attaques pathogenes, stress salin, température, intensité lumineuse

Comprendre en termes moléculaires une fonction intégrée (exemple ouverture des stomates)

Comprendre « ce qui » rend certaines plantes plus robustes que d’autres dans certaines conditions



ChloroKB s’inscrit dans un Programme de Physiologie Moléculaire:

The study of dynamic (time-dependent) interactive processes and biochemical communications at the subcellular level

Comprendre ?

» Identifier des connexions, des entités qui contrélent, modulent, coordonnent...

» Modéliser le comportement d’un systeme biologique (quantitativement)
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Understanding the regulation of aspartate metabolism
using a model based on measured kinetic parameters

Gilles Curien'?34*, Qlivier Bastien®, Myléne Robert-Genthon' 224, Athel Cornish-Bowden®, Maria Luz Cardenas® and
Renaud Dumas'***
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» La modélisation permet de visualiser le comportement temporel d’un

systeme => compréhension

» La modélisation permet d’appréhender les parameétres/entités

importants dans un contexte donné (un modele est ancré)

lle: 59 uM (A
) ChloroKB ?

Représenter la connaissance du réseau moléculaire d’Arabidopsis
thaliana dans un objectif de modélisation (horizon)



Enjeux de représentation des connaissances en biologie

» 1. Lisible et compréhensible par un étre humain (non-expert)
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Enjeux de représentation des connaissances en biologie

» 1. Lisible et compréhensible par un étre humain

BIN2 also phosphorylates and destabilizes WRKY54 (Chen
et al.,, 2017). In turn, BIN2 is dephosphorylated and inhibited
by ABA INSENSITIVE 1 (ABI1, one of nine clade A PP2C
members) and ABI2, while the phosphorylation of BIN2 is
promoted by the inhibition of ABI1 and/or ABI2 via their in-
teractions with ABA-bound ABA receptors when ABA accu-
mulates under stress conditions (Wang et al., 2018a). BRI1-
ASSOCIATED RECEPTOR KINASE1 (BAK1; also known as
SOMATIC EMBRYOGENESIS RECEPTOR-LIKE KINASE 3,
SERKS3), a member of the SERK subfamily (which comprises
the Leucine Rich Repeats Receptor-Like protein Kinases
[LRR-RLKs] SERK1-SERKY), is a co-receptor of many different







> PLOS Biol. 2016 Dec 6;14(12):22000322. doi: 10.1371/journal.pbio.2000322. eCollection 2016 Dec.

Natural Variation in Arabidopsis Cvi-0 Accession
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Enjeux de représentation des connaissances en biologie
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<?xml wversion="1.0" encoding="UTF-8"72>
[<sbml zmlns="http://www.sbml.org/sbml/level2/versiond" zmlns:celldesigne
[]<model metaid="untitled" id="untitled":>
[Fl<annotation>
[—]<celldesigner:extension>
<celldesigner:modelVersion>4.0</celldesigner :modelVersion>
<celldesigner:modelDisplay =izeX="1200" =iz=sY="900"/>
[—|<celldesigner:list0fIncludedSpeciess
[—|<celldesigner:species id="s22" name="NHX1">
[—|<celldesigner:notes>
[F]<html xmlns="http://www.w3.org/1999/xhtml">
—|<head>
<title/>
-</head:>
<body/>
F</html>
—</celldesigner:notes>
—|<celldesigner:annotation>
<celldesigner:complexSpecies»>s21</celldesigner:complexSpeciess
—|<celldesigner:speciesIdentitcy>
<celldesigner:class>PROTEIN</celldesigner:class>
<celldesigner:proteinReference>pré5</celldesigner:proteinReference>
—</celldesigner:speciesIdentity>
—</celldesigner:annotation>
</celldesigner:species:
—|<celldesigner:species id="s26" name="NHX2">
<celldesigner:notes>
<html xmlns="http://www.w3.o0rg/1999/xhtml">
—|<head>
<title/>
-</head:>
<body/>
F</html>
—</celldesigner:notes>
—|<celldesigner:annotation>
<celldesigner:complexSpecies»>s25</celldesigner:complexSpeciess
—|<celldesigner:speciesIdentitcy>
<celldesigner:class>PROTEIN</celldesigner:class>
<celldesigner:proteinReference>pr66</celldesigner:proteinReference>
—</celldesigner:speciesIdentity>
F</celldesigner:annotation>
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Enjeux de représentation des connaissances en biologie

» 3-Rendre compte de la réalité biologique
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Enjeux de représentation des connaissances en biologie

» 4-Intégrer le degré de certitude-gérer les données conflictuelles

» 5-Intégrer les nouvelles informations/corriger

connaissance

» 6-Généricité:

= permettre de répondre a de nombreuses questions
= Utilisation a différents fins (ex : modélisation sous contrainte, analyse de données omics...)

= |ntégration d’autres types de données



ChloroKB en quelques slides —intéréts et limites

Arabidopsis thaliana

280 cartes

Online since 2016

http://chlorokb.fr

ChloroKB network metrics
in 2025

2270 proteins
400 proteins without gene ID
1480 complexes

1424 metabolites-ions

5500 pages



http://chlorokb.fr/

Search - text (i.e. hydrolase, a swissprot accession P25851, AT3G26650, pyruvate kinase, a first author name, a PubMed accession)[ ] Search

Secondary metabolism

Lipid metabolism

e

pPraol

Rhéne-Alpes de Bioinformatique

rotein q ity control (PQC)

igments cofactors and heme metabolism




Search - text (ie hydrolase, a swissprot accession P25851, AT3G28650, pyruvate kinase, a
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-atty_acids_synthesis_plastid

(o) () ) =)
o e

dodecanoyl-

a Holo ACP W

a Holo ACP

\ thiolactomycin

3-oxo-myristoyl- >=a Holo ACP ’
— ]| 1

i

= @] @
E=—o| =k

—

o

v
acetoacetyl-= a Holo ACP
=

o

v

<See Fatty acids expo@

<-0--




Phosphatidic_acid_synthesis_ER_(detailed)
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Reconstructed by Gilles Curien
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See Vitamin B5 pantothenate coA synthesis .
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= AKT1 KC1 JT

Synonyms AIKC1, K+ channel 1
i
Localization evidence  Blochemical data indicate that KC1 is targeted to the plasma membrane (EMID.11904452) KC1 remains in the endoplasmic reticulim uniess i is co
expressed with AKT1 (PMID.A7676154 I I
Ti t
KC1 s expressed in epidermal and cortical cells in roots and trichomes and hydathodes in leaves (PMID. 11904452, PMID. 12678562
Spectral count not detected Cross references D AKT1 AKT1
gl Source site crossref link
Database J
TAR ATAGH2050 K+
Comment Blochemical properties p %
KC1 does nat form a functional channel by tself (PMIDA7876154, PMID.12678562) UNIPROT-Swiss-Prot P
Protewn.protein interaction =5 KT2 AKTZ
L ATAG26 A
Inferaction analyses support physical interactions coukd occur in planta between KG1 and AKT1 (PMID.12678562) Heteromeric AKT1-KC1 channel displays Ke ath AT4GI2650
funchional properties different from thase of homomenc AKT 1 channel in the same context (more negative activation threshold voltage). KC1 is a conditonaily SABIO.RK PR2980 L J
trgeted subunit, which probably down-requistes the physiological actwity of other vollage-gated potassium channel subunits in Arabidopsis
(BMID.17976154) PeptideAla Pa2960

Phy!

o5 K v s i B Y oo ot At ot s W g o el o i See Potassium channel AKT1 regulation
s based on AKT1.KC1 heteromer (PMID.11904452)

Integration of KC1 into the K* uptake module, prevented potassium loss by modulating both the voltage sensor and conductance in the channel complex

(PMID:19500209)

KC1 may have a key role in adaptation to saline conditions (PMID 12678562) Regulation of AKT1 by KC1 could decrease K* influx or prevent K* efflux I -
depending on the membrane potential and the external concentration of K* (PMID.17976154)
Bibliography See See Potassium channel AKT2 regulation
Reference Id Author Year Title Species. .
PMID 21518061 Jeanguenin 2011  AIKC1 is a general modulator of Arabidopsis inward Shaker channel activity Arabidopsis thaliana g
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Comment ‘ Biochemical properties:
KC1 does not form a functional channel by itself (PMID:17976154, PMID:12678562).

‘ Protein-protein interaction:
Interaction analyses support physical interactions could occur in planta between KC1 and AKT1
(PMID:12678562). Heteromeric AKT1-KC1 channel displays functional properties different from those of
homomeric AKT1 channel in the same context (more negative activation threshold voltage); KC1 is a
conditionally-targeted subunit, which probably down-regulates the physiological activity of other voltage-gated
potassium channel subunits in Arabidopsis (PMID:17976154).

- Physiogical role:

Inward rectifying K™ currents were present in KC1 knockout plants, but fundamentally altered with respect to

gating and cation sensitivity; root hair K™ uptake is based on AKT1-KC1 heteromer (PMID:11904452).

Integration of KC1 into the K* uptake module, prevented potassium loss by modulating both the voltage sensor

and conductance in the channel complex (PMID:19509299).
KC1 may have a key role in adaptation to saline conditions (PMID:12678562). Regulation of AKT1 by KC1 could

decrease K" influx or prevent K efflux, depending on the membrane potential and the external concentration of

K* (PMID:17976154).
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Potassium_channel AKT1_regulation
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Phosphorylated active AK1 tetramer

Shortname none
Curated localization Plasma membrane

Localization

evidence

Spectral count not detected

AT_CHLORO

Database

Comment Regulation:
CIPK23/CBL1 or CIPK23/CBL9 pairs activate AKT1 upon a signal elicited by K* starvation (PMID:16814720). CIPK23 kinase in complex with Ca?*-
CBL1 or Ca2*-CBL9 phosphorylates and activates AKT1 (PMID: 16814720, PMID:16895985).
CIPKE and CIPK16 in combination with CBL1, CBL2, CBL2 or CBLY are also able to activate AKT1 channel though CIPK23/CBL1 couple is the most
efficient one (PMID:17898163).
AKT1 channel activity is negatively regulated by a complicated interplay between PP2C phosphatases (AIP1, AIP1H, AHG1) and CBLs as analysed in
(PMID:21596690).

Reactions
Source Reactions

TRANSPORT "K+(extracellular)"-= "K+(cytosol)"

Bibliography
Reference Id Author Year Title Species
PMID: 21596690 Lan 2011 Mechanistic analysis of AKT1 regulation by the CBL-CIPK-PP2CA interactions. Arabidopsis thaliana
PMID: 17898163 Lee 2007 Aprotein phosphorylation/dephosphorylation network regulates a plant potassium channel. Arabidopsis thaliaha
PMID: 16895985 Li 2006 A Ca(2)+ signaling pathway regulates a K(+) channel for low-K response in Arabidopsis. Arabidopsis thaliana

PMID: 16814720 Xu 2006 A protein kinase, interacting with two calcineurin B-like proteins, regulates K+ transporter AKT1 in Arabidopsis.  Arabidopsis thaliana
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Ce que ne contient pas (encore) ChloroKB:

-transport et régulation du transport des Protons et du Calcium

-chaines de transfert d’électrons (photosynthese et respiration)
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-synthese et transport des protéines

-synthése/dégradation d’ARN et d’ADN

-signalisation/contréle de I'expression des genes



Quelles utilisations de ChloroKB ?

-Explorer-vérifier-compléter des modeles (gain de temps)

-communiquer avec des experts (améliorer les représentations)

-Extraire des données

-extraction automatique de matrice de stoichiométrie => modélisation sous contrainte
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<name>Mitochondrial complex IT (inhibited)</name>
<components>

<component>

<component_name>SDH5</component_name>
<component_stoichiometry>l</component_stoichiometry>
<component crossref>ATIGCAT420</component crossref>
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<name>S5DH2-1 Fe-5 cluster complex</name>
%{componenteﬁv
—|<component>
< -
<4 -Composition de complexes protéines-protéines [>

L

] Ou protéines-métabolites
<3 - identifiants uniques
2 -stoichiométrie des composants
V>

<component crossref>CPD-7046</component crossref>
—-</component>

[]<component>

<component name>SDH2-1</component name>

<component stoichiometry>l1</component stoichiometry>
<component crossref>AT3G27380</component crossref>
—</component>

- < /components>

—|<localizations>
[E{localization>Hitochondrion{flocalization>

Inactive SDH

T T T
<component stoichiometry>1l</component stoichiometry>
<component_crossref></component_crossref>

-</component>

-</components>

H<localizations>
<localization>Mitochondrion</localization>

-</localizations>
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Possibilités d’exports

Map_ID

iglobal matrixxml £ EChIoroKBexporthon EE'

Gene_ID

Name(s) Etc....
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Projets

Améliorer la compréhension des réseaux d’Arabidopsis en spécialisant ChloroKB

32 Stades développementaux 53 types cellulaires

Root hair

Associer représentation de réseau Flowes meris
Bhloem) Peiicyglc]
et Shoc;}ta;raml"lg;item
Single cell transcriptomics ? Outer gffayer

Contammﬂtﬂg nuclei

Vascular tissue
Explant vasculaturs allus founder cell

Weagetative nueleil
Spong¥ mesgohyll

Leaf paveme
i p Ie pericycle

Figure 2. Arabidopsis Growth Stages.

Boyes_2001_PMID_11449047

https://biobigdata.nju.edu.cn/scplantdb/marker?species=arabidopsis_thaliana

He_2024_PMID_37638765 : Sc PlantDB
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The Arabidopsis leaf quantitative atlas: a
cellular and subcellular mapping through
unified data integration

Mercipour votre attention

Quantitative Plant Biology

/
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\ . Photosynthesis
<L & Metabolism

Laboratoire de Physiologie Cellulaire & Végétale Gilles Curien
CEA-University Grenoble Alpes-INRAE-CNRS NETBIO, Orléans, 24-25 novembre 2025
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Le quantitatif fait la différence

Punctual mutations i)

-Changes in gene promoter strength

-DNA accessibility (epigenetics)

-mRNA stability

-post-translational modifications

|

Regulatory properties

Protein K., K, fos V wiax
(P-pyruvate) (P-pyruvate) | (L-malate)
— Glc6P + Glc6P
pM U/mg
protein
FT966 652 362 1200 29
FP966 61 21 80 27



Le quantitatif fait la différence

Maximal activity

Vv _@ - kcat'[E]'[S]

Ky +[9] =
by

Table 1
C4 photosynthesis in the genus Flayeria: a stepwise evolution of a quantitative trait [32]

Parameter F. pringlei  F. linearis F. pubescens F. brownii F. trinervia

Kranz leaf anatomy No Poorly developed Well developed

CO, compensation point 62 27 21 6 3

[ubar]

PEPC activity 24 123 207 460 900

[wmol/mg Chleh]

C4 cycle - + ++ +++ bt

Photosynthesis type Cc3 C3-C4 C3-C4 C4-like C4

C4 Photosynthesis

Svensson_2003_PMID_12781769(PEPC)



Le quantitatif fait la différence

Plasmodesmata density

Setaria viridis, 9.3 /pum?

C4 plants
maize, 7.5 /pum?

Rice 1.0 / pm?
C3 plants

Wheat 2.6 /mm?




> Cell. 2023 Mar 16;186(6):1103-1114. doi: 10.1016/j.cell.2023.02.016.

A reference cell tree will serve science better than a
reference cell atlas

Silvia Domcke ', Jay Shendure 2

Affiliations + expand

PMID: 36931241 DOI: 10.1016/j.cell.2023.02.016

Convergence

Aging

Cell type X

-
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Zygote
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Zygote —> Cell type X

PMID: 36931241
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