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Logic and linear programming for seed identification in metabolic networks
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From Genome-Scale Metabolic Network to behaviour prediction

Metabolic modelling:
O Genome-Scale metabolic Networks (GSMNS) [1]
O Producibility modelling : network expansion [2]

Prediction of behaviour of an organism in a
particular environment:

O Environmental response data

O Mathematical modeling

Linear programming problems to solve:
o Flux Balance Analysis (standard)
O Discrete dynamic models
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FBA Method

Approach:
O Linear Programming

Assumption:
O Steady State

Formula: No Accumulations
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% Create import reactions for seeds

Declarative programming paradigm.
Solve combinatorial problems by designing a set of
rules which represent the knowledge of

LaBRI

Reverse ecolgy 31: Identificaton of environmental nutrients

What ?
Seeds: precursor compounds to produce essential metabolites

Why ?
Ensure the growth of a species, represented by the
biomass reaction

ASP

Answer Set Programming

Purpose ?
Understand the link between a system and 1ts
environment [4]
Design of culture for uncultivated species

the system
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Hybrid Discrete Method
Method Assumption: Approach :

OTranscient dynamic o Discrete Programming

can_reach(M) :- target(M).
can_reach(M) :- reactant(M,R) ; product(P,R) ; can_reach(P).

Assumption:
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Metabolite Reaction Flux Stoichiometry
Q Steady state constraint, metabolite already produced, flux

Metabolite produced, Reaction activated, flux present

Objectives
Metabolite not produced, Reaction not activated, no flux

RRR

0000

Result

O 1 to 20 subset minimal models found for
few species (<20min)

O 1 minimize model for 9 species

Data and additionnal approaches
Data:

O 108 GSMNs from database BIGG

O Up to thousands of reactions for a species
O Import Reactions removed

o Validation : fba with cobra.py

Objectives:
O Full Network: All metabolites are produced (tfba test

only on Biomass Reaction described on GSMNs)
Target: Focus on producing only the metabolites needed
for the Biomass Reaction described on GSMNSs

O

P: set of solutions A,B,CD #+ D

ABe P suchasAn B=4,S5 = {4}
A,Ce P suchasAn C=9,S ={4,C}
ADe P suchasAN D+ andAn D +#4,5={1N D}

Optimization:

Subset Minimal:
O

A€ P suchasVxy € Asize(x)= size(y) and

O Minimize: 3 c o g0 gsvz e B, VYx€ A, size(z)> size(x)
S = {4}

Metabolite Reaction Flux Stoichiometry

0000

O 10 to 20 subset minimal models found for few species (<20min)

O 1 minimize model found for 2 species

Metabolite Reaction Flux

—> Q Metabolite produced (scope), Reaction activated, flux present O Metabolite produced (scope), Reaction activated
Metabolite produced and not considered for seed research O Metabolite produced and not considered for seed research

—> Objectives O Objectives

—» 9 Not considered for seed research and/or not produced O Metabolite not prduced, reaction not activated

—>» Not considered for seed research —»  Not considered for seed research

Result Result

O 20 subset minimal models found for the
whole benchmark (<20min)

O 20 minimize models found for 3 species

Discussion and Perspective

Work in Progress:

O Improve hybrid solution (limited tractability)

O Evaluation of solutions of different methods for steady growth

O Evaluate diversity and size of identified seeds compared to other methods

Discussion:
O Improve discrete method to avoid hybrid methods

Perspective:
O Optimization for minimize in order to obtain solutions in less than 20 min
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