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Understanding microbial communities assembly is key for health and industrial bioprocesses

Mathematical modeling offers a powerful tool to infer interactions and evaluate community
stability

Generalized Lotka-Volterra (gLV) models
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Understanding microbial communities assembly is key for health and industrial bioprocesses

Mathematical modeling offers a powerful tool to infer interactions and evaluate community
stability

Parameter estimation can be challenging due to measurement uncertainty and biological
constraints

Interaction matrix
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Understanding microbial communities assembly is key for health and industrial bioprocesses

Mathematical modeling offers a powerful tool to infer interactions and evaluate community
stability

Parameter estimation can be challenging due to measurement uncertainty and biological
constraints

Stability-aware parameter estimation:
Incorporates analytical constraints and
measurement noise into parameter
estimation
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S;: Community whose subscript I specifies the set of species it contains

X;i ;- Equilibrium abundance of species i in the set |

X; ;- Measured equilibrium abundance of species i in the set I
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Qualitative analysis

Normalized parameters
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Qualitative analysis
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Qualitative analysis

General case'?

Feasibility and stability conditions
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Model identification

Number of normalized parameters: n®
n

n
Number of constraints: Z k ( )
k=1 k

Stationary data from single species
and cocultures are sufficient to
determine normalized parameters
Time-series data are necessary to
identify y;
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|dentification algorithm

Stationary measurements
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|dentification algorithm

Stationary measurements
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|dentification algorithm

CSB Meeting 2026

Stationary measurements

X, X, . Xy
X1,12/ XZ,lZf e Xn,mn
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Apply Lognormal
Noise

Subsystem approach
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|dentification algorithm

CSB Meeting 2026

Stationary measurements
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Case stuady

CSB Meeting 2026

Probiotics:

LP (X,) : Lactiplantibacillus plantarum

LA (X,): Lactobacillus acidophilus

BL (X,): Bifidobacterium animalis subsp. lactis

Minimal core:

BC (X,): Bacteroides cellulosilyticus
CO(X,): Clostridium orbiscindens
CS (X,): Clostridium symbiosum
EC (X.): Escherichia coli

Maitake (2% w/v) exctract act as a prebiotic
driver of community composition®
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Pairwise coexistence diagram based on stationary abundance ratios (log—log scale)
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Case stuady CSB Meeting 2026

Probiotics:

LP (X,) : Lactiplantibacillus plantarum
LA (X,): Lactobacillus acidophilus

BL (X,): Bifidobacterium animalis subsp. lactis 10'F
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Case stuady

CSB Meeting 2026

Probiotics: Lp LA BL
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CS (X,): Clostridium symbiosum
EC (X.): Escherichia coli

Maitake (2% w/v) exctract act as a prebiotic
driver of community composition®
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Dynamics of the probiotic consortium obtained using the minimal identification
approach



Case stuady

Probiotics:

LP (X,) : Lactiplantibacillus plantarum

LA (X,): Lactobacillus acidophilus
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Case stuady
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What’s next?
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Stability condition (n = 2)
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Stability condition (n = 2)
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