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Abstract 
 Knowing what is to be discovered guides the process to discover it. Biologists seek to discover 
mechanisms. Philosophers of science have analyzed the concept of a biological mechanism and proposed 
reasoning strategies to guide mechanism discovery. These analyses are now guiding the development of a 
graphical, web-based representation system to aid humans in discovering genetic disease mechanisms.  
 
  Here is an analysis of biological mechanisms: mechanisms are entities and activities organized 
such that they engage in regular changes producing a phenomenon of interest. A mechanism schema 
represents a hypothesis about how a mechanism works. Reasoning strategies guide the construction of 
mechanism schemas, including abstraction/instantiation, modular subassembly, and forward/backward 
chaining.  
 
 This prior work in philosophy of science provides a framework for building a graphical 
representation system that aids humans in discovering genetic disease mechanisms. What is to be 
discovered is the mechanism by which a genetic variant produces a disease phenotype (or raises its risk). 
The system is called MecCog (" Mechanismus Cognito," Latin for mechanism known or discovered). 
(See the system and examples at www.meccog.org). It provides a web-based, abstract, schematic, 
representation system for drawing genetic disease mechanisms and linking to the medical literature. The 
implemented ontology proceeds in stages of biological organization, from the molecular (e.g. DNA, 
RNA, protein, ligands, and receptors), cellular, tissue, organ, to the organismal phenotype. Each step is a 
substate perturbation (SSP), deviation from the normal. Each step is driven by a specific causal activity 
(or a group of productive entities and activities, such as protein synthesis) designated a mechanism 
module (MM). Icons for each type are available to the schema builder to depict triplets of SSP-MM-SSP. 
Construction can proceed from the beginning stage, i.e., the DNA variant and proceed forward, examining 
the activity enabling properties that give clues as to the next step (e.g., the charges in the active site of a 
protein that enable subsequent binding to a ligand). Alternatively, the schema builder can work backwards 
from the end, the disease phenotype, to examine activity signatures that indicate what happened in a 
previous step. Black boxes indicate missing entities and activities, not yet known, where additional 
research is needed. Drop down boxes provide links to papers via PubMed IDs to indicate the evidence for 
or against each step. Additional icons indicate sites in the mechanism to which to direct drug discovery.  
 
 In sum, the MecCog system implements a representation of a genetic disease mechanism and is 
available to aid researchers in mechanism discovery. Currently, schemas are being developed for a variety 
of diseases, including rare disease (e.g., cystic fibrosis), cancer (e.g., Lynch syndrome), and genetic loci 
associated with complex trait diseases, such as Crohn's and Alzheimer's Disease. Current and future work: 
develop AI tools to find relevant papers in the scientific literature, to find components of mechanisms, to 
locate empirical findings that provide evidence for and against the components, and to propose new 
therapeutic avenues.  
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