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Title of the PhD thesis: 

Towards multivariant pathogenicity predictions: using 
machine-learning to directly predict and explore disease-

causing oligogenic variant combinations 

Trace-metals are a source of nutrients or toxic agents depending on their 

concentration and speciation. The speciation is the distribution of the total 

concentration of an element among its possible species. It is a relevant 

concept to understand the bioavailability of trace-metals to plants or 

microorganisms, because the uptake depends, in many cases, on the 

mobility and kinetics of dissociation of the compounds present in the 

system. To tackle this problem, this PhD thesis has focused on the 

development of the interpretation of the experimental data of Diffusive 

Gradients in Thin-films (DGT) to measure metal availability in natural 

waters. 

DGT is a passive sampler that mimics the physicochemical processes 

involved in the uptake of metals by measuring a flux of metal that receives 

the surface of microorganisms and algae. The flux is, then, expressed as a 

free metal concentration that would produce the same accumulation in a 

system with only free metal. This concentration is known as the available 

DGT concentration (cDGT). 

In this thesis, we have developed a theoretical framework that allows us 

to split cDGT in terms of the concentration, mobility and lability of each 

metal species present in the system.  

To this end, we produced experimental measurements in laboratory 

conditions or in natural waters with DGT devices with different geometric 

configurations (i.e increasing the thickness of the gel, or adding a stack of 

2 resins) to have access to complementary information about the system. 

Simple analytical expressions involving the lability of the complexes lead 

to obtain intrinsic parameters of the metal complexes such as the diffusion 

coefficient and the dissociation reaction rate constant. To validate the 

result of the analytical expressions we perform also numerical simulations 

that solve the diffusion-reaction equations with the boundary conditions 

of the DGT technique. This allow us to predict the experimental 

accumulation under certain conditions of the system.  
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