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Abstract 
 
Extensive research efforts are currently being spent upon the photosynthetic          

unicellular alga ​Chlamydomonas ​reinhardtii because it presents multiple interesting         

biological properties as well as potentially highly valuable industrial interests through its            

capacity to produce substances that can be converted into ​biofuel​, namely triacylglycerol            

(TAG) ​and biohydrogen (​H​2​)​. Such product yields are entirely dependent of the            

environmental conditions to which the cell is exposed.  

Metabolic pathways involved in photosynthesis and biosynthesis of lipids, hydrogen          

or growth are typically regulated by complex interdependent mechanisms involving multiple           

fronts of omics (genomics, transcriptomics, proteomics, …), meaning that in order to be             

able to modelize these pathways we need to study the cell as a ​system​, as too many                 

factors are involved to consider reductionist approaches. The increasing success of           

high-throughput technologies for collecting biological data combined with the increasing          

understanding of specific complex metabolic pathways now allows research to be           

conducted on a ​genomic scale​. Resulting ​systems biology uses computational and           

mathematical principles for the modelization of very large complex biological systems, thus            

providing models able to capture higher-complexity biological events influencing the          

expression of desired phenotypes, such as TAG production in Chlamydomonas. 

Here, we apply ​Constraint-Based Modelling (CBM) techniques on a         

genome-scale metabolic network reconstruction of C. ​reinhardtii, and assess the predictive           

power of such constraint-based models by comparing ​light-constrained predictions ​of          
growth​ to experimentally observed cultures under light-limiting growth conditions. 

In order to enable the model to capture metabolic shifts in response to important              

gene-expression changes, as is the case in C. ​reinhardtii ​when exposed to abiotic stress              

required for biofuel maximization, we integrate transcriptomic constraints upon the          

existing network. The additional omic layer of regulation allows us to bring in             

TF-regulations upon target genes involved in metabolic pathway expressions. We also           

proceed to simulate the phenotypic effect of ​gene knockouts by predicting the metabolic             

reaction of the cell to the perturbation, and show an example where, unlike the              

state-of-the-art model, the TF-regulated network is capable of detecting metabolic flux           

perturbations to gene expression changes, thus identifying the scope of genes involved in             

studied pathways. 
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Abbreviations list 
 
 

● AA ​= Amino-Acids 

● BBMC ​= Biochemistry and Molecular & Cell Biology 

● CBM ​= Constraint-Based Modelling  

● COBRA ​ = Constraint-Based Reconstruction and Analysis 

● Cre ​ = Chlamydomonas reinhardtii 

● DREAM ​ = Dialogue on Reverse Engineering Assessment and Methods 

● FBA ​ = Flux Balance Analysis  

● FCA ​= Flux Coupling Analysis 

● e-Flux​ = Expresion Flux  

● ElMo​ = Elementary Modes 

● ExPa ​= Extreme Pathways 

● GIMME​ = Gene Inactivity Moderated by Metabolism and Expression 

● iMAT ​ = Integrative Metabolic Analysis Tool 

● KNN ​= K-Nearest Neighbors 

● LBFBA ​ = Linear-Bound FBA 

● LP ​ = Linear Programming 

● MADE ​= Metabolic Adjustment by Differential Expression 

● MILP ​= Mixed-Integer Linear Programming 

● MOMA:​ Minimization of Metabolic Adjustment 

● MRMR ​= Maximum Relevance Minimum Redundancy 

● MRS ​= Metabolic-Regulatory Solution-space 

● NCBI​ = National Center for Biotechnology Information 



 

● NPQ ​ = Non-Photochemical Quenching  

● OD ​= Optical Density 

● pFBA ​= Parsimonious Flux-Balance Analysis 

● plantTFDB ​= Plant Transcription Factor Database 

● plnTFDB ​= Plant Transcription Factor Database  

● PROM ​= Probabilistic Regulation Of Metabolism 

● RNA-seq ​ = RNA sequencing 

● ROC (curve) ​= Receiving Operating Characteristics (for binary 

classification) 

● ROOM ​ = Regulatory On/Off Minimization 

● SBML ​= Systems Biology Markup Language  

● SQL​ = Structured Query Language  

● SRA ​= Sequence Read Archive 

● srFBA ​= Steady-state Regulatory FBA 

● TAG ​ = Triacylglycerol 

● TAP ​= Tris-Acetate-Phosphate media 

● TF ​ = Transcription Factor 

● TF-KO ​= TF-knockout 

● TGP ​ = Tris-Glucose-Phosphate media 

● TMP​ = Tris-Minimum-Phosphate media 

● TR ​= Transcription Regulators | Transcriptional Regulation 

● TRN ​ = Transcriptional Regulation Network 

● UML ​ = Unified Modelling Language 

● Y2H ​ = Yeast Two-Hybrid 
 


