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Outline of the talk

• What this talk is not about … unfortunately

• Main ideas

– Representation: what models actually see

– Context: when the same structure yields different outputs

– Predictive space: intent matters

• Open questions for the community

• Take-home message
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What this talk is not about … unfortunately

We work on cheminformatics, bioactivity modeling, and data-driven analysis of chemical–biological systems
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Why rethink bioactivity modeling?

Oversimplifications and 
assumptions limits model 
performance 

Beyond increasing data size or 
improving algorithms, context 
matters

Predictive boundaries are not 
always technical
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Representation – Context – Predictive Space



• Endpoint definition introduces biological simplifications and may 
obscure complex mechanisms

• Representation (molecular descriptors) adapts to that simplified task

• What is represented determines what can be learned

REPRESENTATION
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Molecular descriptors as a language

• Descriptors translate molecular structure into a numerical form

• Different descriptors emphasize different molecular properties

• Some aspects become explicit, while others remain invisible

Quantum-derived descriptors

• Offer a complementary view of the molecules 

• Make electronic and density-based features explicit

• Lead to a different chemical space

• Example: QTAIM-derived features
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Structural interpretation helped to understand discontinuous SAR, in cases where 

ligand-based analysis was insufficient.

J Chem Inf Model. 2009 Oct;49(10):2179-89
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At low doses stimulate a response  
and 

High doses inhibit this response
Mol Pharmacol . 2012, 81, 440-54.
PLOS One 2013, 8, e56957
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Relevant predictive limitations are introduced before modeling 
begins: context matters

Context
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Bioactivity as a function of structure

• QSAR and ML models are formulated in terms of structure–activity 
landscapes.

• Smoothness is assumed or hoped for, not guaranteed.

• This view implicitly assumes a fixed experimental context.

SAR
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Context matters: a conceptual blind spot

• The same molecules can behave differently under different contexts

• Ignoring context collapses distinct biological scenarios into a single readout

• Examples of contextual variables: 
– Dose

– Assay type and experimental readout

– Time, temperature, and medium composition

Context is not noise – it is part of the signal
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Predictive behavior is not uniform across predictive space

• Predictive models can be stable and well-behaved within a well-defined predictive 
space.

• Changes in experimental context induce a different predictive space.

• Inadvertently mixing readouts, by ignoring experimental contexts effectively merges 
distinct predictive spaces.

• Apparent performance breakdowns may reflect transitions between predictive 
spaces, due to contextual or mechanistic shifts, not technical flaws.

Experimental context is critical
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The original formulation of these ideas is discussed in this work
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Conceptual questions lead to modeling frameworks

Conceptual observation

Experimental evidence

Mathematical framing

❑ We observed that the same 

molecule can produce different 

outcomes, suggesting the 

coexistence of distinct endpoints.

❑ This points to contextual effects 

beyond molecular descriptors.

❑ We hypothesize that  apparent 

modeling “failures” may arise from 

implicitly mixing endpoints rather 

than from model limitations.

❑ The literature reports a variety 

of examples consistent with 

endpoint-dependent behavior.

❑ These effects are often dose-

or context-dependent.

❑ Such transitions can occur for 

the same molecule, leading to 

bioactivity disruption

❑ What is the appropriate 

mathematical framework?

❑ In statistical terms, these 

effects are captured as 

contextual covariates.

❑ Here, we reframe them as 

elements defining 

predictive space.
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They are not equivalent

CHEMICAL SPACE vs PREDICTIVE SPACE

Supports inference 
about a specific 
property

Organizes molecules based 
on general-uninformed 
representations
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Predictive space is endpoint-dependent, 
therefore context-defined

If you:

- change the dose range

- add cofactors

- or modify other contextual variable

…. you might be changing the endpoint, and therefore 

the predictive space must be redefined
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Practical next steps

1. Explicit endpoint documentation.

2. Context stratification before modeling.

3. Multi-level modeling (hierarchical).

4. Dose-aware modeling pipelines.
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Many challenges persist despite technical advances

These challenges point to conceptual and semantic issues

Some problems require reflection, not optimization

Rather than conclusions, I will delineate emerging issues
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Do property cliffs exist?

• Property cliffs can exist
• They are rare
• They are often chemically 

interpretable

• Structural activity cliffs are relatively 
frequent

• They are often difficult to rationalize
• They strongly impact predictivity

Not all cliffs have the same epistemic status
Courtesy of Elier Abreu Martínez

Properties behave as continuous, additive 

functions of structure governed by 

deterministic, incremental contributions of 

structural features.

Emerge from complex, non-linear, and 

threshold-sensitive processes

24
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Questioning S and R in SAR

• SPA formalizes the link between 
molecular representation and 
property behavior

• Properties emerge from 
organized patterns in chemical 
space, not isolated descriptors

• Predictive performance depends 
on how structure, 
representation, and context are 
aligned

• SPA highlights that different 
properties induce different 
effective spaces

• Apparent predictive issues often 
reflect misaligned 
representations, not model 
failure

ChemMedChem 2026, 21, e202500847 
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Structure–Property Associations (SPA)



X-informatics: Conceptual fragmentation –
terminology and semantics

• Proliferation of X-informatics labels
• Similar problems addressed under different 

names
• Risk of fragmentation and loss of shared 

language

• What remains to be done: 
– Build a comparative typology that reveals shared 

epistemic and infrastructural patterns across 
established and emerging informatics domains

– Propose criteria and guidelines to assess the 
legitimacy, maturity, and interoperability potential of 
new X-informatics proposal

                      

 
 
  
  
  
 
 
 
  
  
 
  
 
 

              

               

                  

              

                     

                

                

                  
                 

                     

               

                      

 
 
  
  
  
 
 
 
  
  
 
  
 
 

              

               

                  

              

                     

                

                

                  
                 

                     

               

                      

 
 
  
  
  
 
 
 
  
  
 
  
 
 

              

               

                  

              

                     

                

                

                  
                 

                     

               

Courtesy of Elier Abreu MartínezAre we gaining clarity, or just new labels?
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What do we really mean by AI-XYZ?

• AI-driven, AI-based, and AI-supported are often used interchangeably

• Using AI tools does not imply the development of AI research

• Using a force field parameterized with quantum data does not mean doing quantum 
chemistry

Precision in terminology matters
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Take home message: 
Context is not noise – it defines the problem

Apparent failures may arise from
– how molecules are represented

– how endpoints are defined

– and what models are asked to explain
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Cheminformatics Network

https://sqm.org.mx/convocatorias-redes-especializadas-redes-existentes/
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Currently under development

It integrates chemistry, data science, 

artificial intelligence, and molecular 

modeling for the analysis and design of 

chemical and biological systems, with 

applications in the discovery of drugs, 

materials, and agrochemicals, as well as 

in sustainability. It fosters interaction 

among researchers, educators, 

students, and the industrial sector 

through courses, workshops, and the 

School of Cheminformatics Latin 

America.

En fase de formación

Integra la química, la ciencia de datos, la 

inteligencia artificial y el modelado molecular 

para el análisis y diseño de sistemas químicos 

y biológicos, con aplicaciones en el 

descubrimiento de fármacos, materiales, 

agroquímicos y sostenibilidad. Fomenta la 

interacción entre investigadores, docentes, 

estudiantes y el sector industrial mediante 

cursos, talleres y la Escuela Latinoamericana 

de Quimioinformática.

https://sqm.org.mx/convocatorias-redes-especializadas-redes-existentes/

