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Research activities

Chemometrics
Molecular Descriptors
Quantitative Structure-Activity Relationships (QSAR)
Quantitative Structure-Property Relationships (QSPR)
Environmetrics
Design of Experiments
Multicriteria Decision Analysis



The QSAR field is one of the most interesting fields 
where molecular descriptors and chemometric 
methods can be applied.

QSAR/QSPR strategy

End-points
physico-chemical properties 
biological activities
toxicological and ecotoxicological end-points
environmental end-points
technological properties
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Chemometrics

regression models (quantitative response)
classification models (qualitative response)
ranking models (ordered response)

regression models (quantitative response)regression models (quantitative response)
classification models (qualitative response)classification models (qualitative response)
ranking models (ordered response)ranking models (ordered response)

Models

Exploratory data analysis

Principal Component Analysis (PCA)
Similarity/Diversity analysis
Principal Component Analysis (PCA)Principal Component Analysis (PCA)
Similarity/Diversity analysisSimilarity/Diversity analysis



Operators

W  Wiener-type 
R  Randic-like 
J  Balaban-like 
H  Hyper-Wiener type 
B  SpAbs 
P  SpPos 
X  SpMax 
D  SpDiam  
A  SpAD 
M  SpMAD 
E  EE 
S  Hosoya-type 
2  SM-2 
4  SM-4 
6  SM-6 
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Chemometrics – PCA



Chemometrics – Cluster Analysis



Chemometrics – Regression



Chemometrics – Classification
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Chemometrics – Ranking



MoleculesMolecules are the most reach source of experimental are the most reach source of experimental 
chemical informationchemical information

Molecular structuresMolecular structures are the most reach source of are the most reach source of 
theoretical chemical information encoded in moleculestheoretical chemical information encoded in molecules

Molecular descriptorsMolecular descriptors are the way to encompass are the way to encompass 
chemical information encoded in the molecular chemical information encoded in the molecular 
structuresstructures

Molecular descriptors



“The molecular descriptor is the final result of a logic 

and mathematical procedure which transforms 

chemical information encoded within a symbolic 

representation of a molecule into a useful number or 

the result of some standardized experiment.”

R. Todeschini and V. Consonni

Handbook of Molecular Descriptors, WILEY-VCH, 2000

Definition of molecular descriptorDefinition of molecular descriptorDefinition of molecular descriptor

Molecular descriptors



Molecular descriptorsMolecular descriptors

graph theory    discrete mathematics   physical chemistrygraph theory    discrete mathematics   physical chemistry
information theory   quantum chemistry   organic chemistryinformation theory   quantum chemistry   organic chemistry
differential topology   algebraic topologydifferential topology   algebraic topology

derived from derived from ……..

QSAR/QSPR   medicinal chemistry  pharmacology genomicsQSAR/QSPR   medicinal chemistry  pharmacology genomics
drug design   toxicology   proteomics   analytical chemistrydrug design   toxicology   proteomics   analytical chemistry
environmetrics   virtual screening   library searchingenvironmetrics   virtual screening   library searching

applied in applied in ……..

statisticsstatistics
chemometricschemometrics
chemoinformaticschemoinformatics

processed by processed by ……..

Molecular descriptors



molecular graphmolecular graph

graph invariantsgraph invariants

topostructuratopostructura
l descriptorsl descriptors

topochemical topochemical 
descriptorsdescriptors

topographic topographic 
descriptorsdescriptors

topological information indicestopological information indices

2D2D

Atom listAtom list 0D0D

countingcounting summingsumming

gridgrid--based QSAR based QSAR 
techniquestechniques

interaction energy interaction energy 
valuesvalues

4D4D

Substructure listSubstructure list 1D1D

countingcounting

molecular geometrymolecular geometry
x, y, z coordinatesx, y, z coordinates

geometrical geometrical 
descriptorsdescriptors

quantumquantum--chemical chemical 
descriptorsdescriptors

bulk descriptorsbulk descriptors

molecular surface molecular surface 
descriptorsdescriptors

3D3D

structural keysstructural keys



Molecular descriptors

≈ 3000 molecular descriptors≈≈ 3000 molecular descriptors3000 molecular descriptors

Wiley-VCH, 
2000

WileyWiley--VCH, VCH, 
20002000

≈ 3300 
bibliographic 
references

≈≈ 3300 3300 
bibliographic bibliographic 
referencesreferences



Wiley-VCH,2009 – 2 volumesWileyWiley--VCH,2009 VCH,2009 –– 2 volumes2 volumes

Molecular descriptors

≈ 6300 
bibliographic 
references

≈≈ 6300 6300 
bibliographic bibliographic 
referencesreferences



model model with relevantwith relevant informationinformation

i n f o r m a t i o ni n f o r m a t i o n
goalgoal

system description by several variablessystem description by several variables

stabilitystability

model under model under 
controlcontrol

interpretabilityinterpretability

knowledgeknowledge
of the problemof the problem

future usefuture use
of the modelof the model

predictive powerpredictive power

From information to knowledge



Quality of the modelsQuality of the models

representation of the chemical information

mathematical methods to extract the information

From information to knowledge



Milano Chemometrics and QSAR Research Group Milano Chemometrics and QSAR Research Group 
developed two main software to calculate molecular developed two main software to calculate molecular 
descriptors and deal with regression models selected descriptors and deal with regression models selected 
from the huge number of molecular descriptors.from the huge number of molecular descriptors.

Software

These software are commercialized by the company These software are commercialized by the company 
TALETE srl, for which Todeschini is the scientific TALETE srl, for which Todeschini is the scientific 
responsible.responsible.

Talete srl



Software

DRAGON

Software for the calculation of 3224 molecular 
descriptors (version 5.5) from molecular structures

Talete srl



Software

MobyDigs

Software for the calculation of regression models by 
genetic algorithms (GA) for variable selection aimed to 
search for predictive models

MOBYDIGSMOBYDIGS

Talete srl



www.moleculardescriptors.eu
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