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Results

Our pipeline

GSMMs

                 

                   

                 

                   

                 

                   

                 

                   

                  

                             

               

                                

                  

                                

                 

                   

                 

                   

• GSMMs are represention of
metabolic networks containing
reactions, metabolites and genes.

• We designed a computational pipeline with bash and Python, using the available libraries
COBRApy and CORDA to reconstruct GSMMs for several CRC cell lines from transcriptomic
and metabolomic data. We compared the reconstructed models with experimental
consumption and production fluxes from the metabolomics data and CRISPR-Cas9 Knock Out
screenning data from external databases.
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Caco2 SW948 HT29 COLO205 SW620 SW403 HCT116

Gene essentiality analysis comparing with CRISPR-KO data for 

different CRC cell lines
True Positive False Negative False Positive Removed Essential

Caco2  W9 8 HT29  O O 0 SW620 SW403 HCT116
Metabolic Genes 1883 1883 1883 1883 1883 1883 1883

CRISPR Hit Genes 117 95 295 144 376 171 231
% HITS guessed correctly 21 15 16 22 12 18 16

• Using steady-state approximation
and defining constrains, we can
obtain the flux distribution that
optimizes an objective function
(i.e. biomass production).

CORDA algorithm
• CORDA is an algorithm to reconstruct condition-specific GSMMs based on FBA. 

• The algorithm aims to minimize the number of reactions unlikely to be present in a specific condition 
while maximizing the essential reactions for known metabolic functions.

• Reactions are scored based on available data (e.g., gene expression levels, literature evidence).

• CORDA then tries to reconstruct the minimal viable model that includes the maximum number of 
high-evidence reactions (higher score) while pruning reactions with low evidence (negative score).

• To assign confidence levels or scores to the m d  ’ reactions, we first analyze the distribution 
of gene expression levels and assign confidence levels to the genes. Then, we map these levels 
to the reactions using Gene-Protein-Reaction (GPR) associations.
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Summary
Cellular metabolism is a complex network of biochemical reactions, and its accurate reconstruction may elucidate essential components in the understanding cellular function, disease mechanisms, 
and therapeutic targeting. 

Can we use computational methods to reconstruct condition-specific metabolic models with transcriptomic and metabolomic data? 

We developed a Python pipeline that utilizes Genome-Scale Metabolic Models (GSMMs) and the CORDA algorithm to generate condition-specific models and used it to reconstruct the metabolism of 
several colorectal cancer (CRC) cell lines and analyze the adjustment to metabolomics data, the reproductibility of CRISPR-KO data and the flux distribution through different metabolic pathways. 

Results indicate that our pipeline reconstructs models that reproduce metabolomics data accurately, but more fine tunning needs to be made to correctly predict therapeutic targets. The pipeline also
elucidates differences in the metabolism of different CRC cell lines.
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FIG 1. NC = Negative Confidence; UC = Unknown Conf. LC =
Low Conf. MC = Mediu Conf. HC = High Conf. The gene
expression distribution follows a logistic distribution, with
most genes having minimal expression.

FIG 3. Essential gene analysis for different CRC cell lines. Results show that a high number of essential genes are being removed from
the reconstructed models, which could indicate the reconstructed models need to be bigger.
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FIG 2. Adjustment of simulated fluxes (yellow) to experimental fluxes (blue) for HCT116 cell line. When using CORDA, there is a
higher agreement with experimental data, only with the inclusion of few metabolomic constrains (top graphics).
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