A logic programming exploration of metabolic networks to explain microbial community

Use of Answer Set Programming (ASP)

bacteria("B3"). species("M_A_c","A","c","B3"). reaction("R12"," B3"). reactant ("M_A_c","R12","B3"). reactant ("M_R_c","R12","B3"). product("M_N_c","R12","B3"). 

seed("S1"). seed("S2").

ATOMS

RULES

Reasoning on knowledge and solving combinatorial problems Why the species are equivalent ? 

  ,S2,B) : reactant(M2,R,B).

  Scaling up to 1,500 bacteria, with a set 27 lipids as targets • Community structure > 185 bacteria involved > 7 bacteria per community > 58,520 communities Functions not identified on equivalence group.

  produced by all species of a node that are transferred, target and/or from reaction existing only on a node

  

  

  

  

  

How to represent metabolism ?
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Boolean abstraction of metabolic producibility in an environment
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Community of bacteria Hundreds of bacteria live in an environment
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Community of bacteria Cooperation between bacteria
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Effect of Metabolic redundancy on community selection

Community identified with metabolic potential to produce a target Redundancy of metabolism in different species Input nutrients

Frioux et al., 2018 Belcour, Frioux et al. 2020 

Community identified with metabolic potential to produce a target Redundancy of metabolism in different species Input nutrients

Frioux et al., 2018 Belcour, Frioux et al. 2020 

Which functions are carried by equivalence group ?
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•

  PowerFun is able to explain equivalence group of species• Some groups are not explained• Explainable models remain complex
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completion Discussion

•

  PowerFun is able to explain equivalence group of species• Some groups are not explained• Explainable models remain complex
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•

  Define new rules and models: A non-explained group can have two different metabolite activating different path • Constrain definition of exchange metabolites
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ASP based tool to explain assembly and redundancy of microbial communities with logic programming

PowerFun: Powernodes Functions 

RULES powernode(P,T). included(B,P).

ATOMS

From genome to shared functions of bacteria on minimal communities