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Analyzing and modelling functions carried by

key species in minimal microbial communities
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1 Inria Université de Bordeaux, INRAE, 33400 Talence, France

From Genome-Scale Metabolic Network to Metabolic potentials Minimal communities for six families of compounds as targets
i/ Hundreds of bacteria species colonize the human gut. Community inital: 1,500 bacteria [3)
* b
Interaction in microbiota: competition or cooperation. TSTAT
* Metabolic modelling: 4Alf9ninoacids and derivatives (5 targets) gs 2zg Key Species (KS):
. act. per community . . .
© Genome-scale metabolic Networks (GSMNs) [1] 120,329 communities AS 227 Species occuring at least in one
© Producibility modelling: network expansion [2] ?zgga;‘; ffrfnfjr‘;?yds (11 targets) o ” minimal community
Community metabolic potential: 930 communities AS 69
. . Carboxyacids (14 targets) KS 59 . .
© Individual SCop¢c. 9 bact. per community ES 4 Essential Symblonts (ES): ' w
% ® Production of new metabolites through metabolic exchanges. 19412 communitics AS 0> Species occurinc in all minimal *
CoA derivatives (10 targets) KS 174 .
_>By whom and how? 5 bact. per community ES 1 communities
o e . . . 95,256 communities AS 173
Minimal community selection: Lipids (28 targets) S T
© Metage2Metabo (M2M) [3] model the interactions. £ ac per community ES 4 Alternative Symbionts (AS):
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENSEEENEEERER] ? L AS 181 . . . ° o
. nmmmmmmEEEEEE \52\ Sugar derivatives (58 targets) KS 142 SpGCIGS occuring 1n some minimal
\S ™ 11 bact. per community ES 5 iti
| 7,860,528 communities AS 137 communIiues
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From Metage2Metabo
< : : . Power graph
to PowerFun Declarative programming paradigm. :
: . . compression method
Solve combinatorial problems with knowledge. s» &
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1,520 ' : ‘ R
Seeds Targets omr——— G Set of rules with two parts: | BL| ~ — i, )
r N GSMNs (env.) ("B1") <& &€ Minimal communities
e . metabolite("M S1 _c", "S1", "B1"). HEAD :- BODY —1 -
. . metabolite("M S2_c", "s2", "B1"). | ™ il [Seeds J[ Seeds J[ Seeds J[ Seeds ]
PowerFun 1s an extension of the J| metabolite("m_a c*, "a", "B1"). Head is t b R2 EP )(EP @) (EP ) |eP &>
: metabolite("M B c", "B", "B1"). I e LulE @ Up tO milions Of + +
M2M study. :2232225151 CBl)R1 1 1f all element of b()dy 1S true - y ol o B.acteria Bacteria) (Bacteria) (Bacteria
\ _ reactant ("N s2._c", "R", "BL). T Ny g bossibie mInima R
, 1 Groups of equivalence have D eon (vt dggay T ;scopegm,:,g; : - ts)ee:(M?,(;r))ecies((jM,izﬁ,i)é)bacter‘ia(B). communities for a set g 7 ) +t
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¥ graphs 22232"2;";: iscope(M2,N2,B) : reactant(M2,R,B). \_ o Y,

Rules to verify hypotheses: How visualize them ?

Why are the bacteria gathered
together ? Which functions are

Unique metabolite Unique reaction
A metabolite produced by all A reaction activated by all bacteria | © Association graph

carried by the group? .
bacteria of a group, and not other of a group, and not by any other —>Not easily readable
Hypotheses: bacteria of minimal communities. bacteria of community. on thousands minimal /
\ communities.

eUnique metabolite produced
eUnique reaction activated

Explainable models of .

minimal communities OUnlque metareact

Unique metareact

A unique metabolite produced by
unique reaction carried by all bacteria
of a group and not by others.

© Graph compression
—» shows groups of
equivalence.
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Metabolite transferred to other
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@ Unique reactions
© Unique metareact
—> (Can be 2 reactions for 1 metabolite

4-hydroxybenzoate

® Some unique metabolites transferred to all nodes
@ Some unique metabolites are targets
@ Some power nodes are not explained (C)

Perspectives
e Define new rules for
non-explained power
nodes
e Constrain definition of
exchanged metabolites
—>»[s it involved in
chained reactions to
produce targets?
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Numbers for Lipids set of targets:
e 1,800 transfers
@ 85 unique reactions
—>»24 activated
@209 unique metabolites
—>» 138 carried by blue node (D)
54 unique metareact
16 activated
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