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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



QSAR/QSPR strategy

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

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




QSAR/QSPR strategy
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QSAR/QSPR strategy
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Chemometrics z," ,

Exploratory data analysis

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

Models

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



Chemometrics — PCA

1.0

0.8

06}

04t

0.2+

PC2 (E.V. 9.9%)
o
o

-1.0

Operators

T T T T T T T T T

1.0 -0.8 -06 -04 -02 00 02 04 0.6
PC1 (E.V. 70.2%)

0.8

1.0

o & N ® M = » U X TV W I « xm =

Wiener-type
Randic-like
Balaban-like
Hyper-Wiener type
SpAbs
SpPos
SpMax
SpDiam
SpAD
SpMAD

EE
Hosoya-type
SM-2

SM-4

SM-6




Chemometrics — Cluster Analysis
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Chemometrics - Regression
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Regression model
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Chemometrics - Classification

- DISCR2-DISCRS3

&

& 3 élﬂ 5&

F
- 5

= - 2 TR %
& s ¢

:a‘.ffa
”‘R

&

DISCRl—DISCR2



Toxicity
4 3

o
=
K™
=
©
14
I
"
O
=
wd
@
=
O
=
@
I
o



Molecular descriptors

Molecules are the most reach source of experimental

chemical information

Molecular structures are the most reach source of

theoretical chemical information encoded in molecules

Molecular descriptors are the way to encompass

chemical information encoded in the molecular

structures



Molecular descriptors

Definition of molecular descriptor

“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 nhumber or

the result of some standardized experiment.”

R. Todeschini and V. Consonni

Handbook of Molecular Descriptors, WILEY-VCH, 2000




Molecular descriptors

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

derived from ....

processed by .... | statistics
Molecular descriptors > | chemometrics

chemoinformatics

appliedin ....

QSAR/QSPR medicinal chemistry pharmacology genomics
drug design toxicology proteomics analytical chemistry
environmetrics virtual screening library searching
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Molecular descriptors
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Molecular descriptors
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cobegival properties of dnag candidates, but are ahio used in predicting
reactivity, bovicily and other important chemical characleristics.

The nuniber-ne refersnce on the bapic now containg & wealth of new
data: The esvtive relevant Literature ever Bee poat eight years bus been
pain-atakingly surssyed, resulting in mare than 100 pew descripiara
being added to the list, and seme 3000 new referere in the
biblisgraphy section,

Volume 1 contuing an alphabetical listing of areund 3320 terms far
the chemeinformatic analysis af chenical compound properties. while
the sevond wolumse coetuing G343, refersnces selected from 450 joaurnak
with about peoe authors quoted covering the peried from the beginning
of melecular descriplor reaearch unki] the pear 2008,

In this secend edition, the greatly expanded intreductory sectica has
beer complately re-written and row contaieg deveral “walk-through
readieg lists of selected heapwrarda 1o make the data even more accesaible
BT Evorvice USETs,

Bl oTosdrachiniiafid prfnn o it e H { sdman
e Linvarady ofl deno Bireeea Sdden g al), wiane Ar conmom sed s Miana CArmemart
udqsumm-mmmnﬁnunmmdummuhanm
AR, m e dranian, & N Presdne
& Fhe e oo ol Ascadinrrny MG ool Chemieng presidan o e B dian Chnmomeni
smwwd'bdhm-n _nqiurq"ﬁm\rlp.f’mmm\, mada], Arraso
M boaks Thr Dea Analpsr
-mm TS m.«g Tadrxhini: 1550 and Mandbask o i Dranan
B8 Tedrhinand s, S W vE, oo,

macu-m“whmuhdcmn mnm.idu Linvaraby cfMdenc in seooandis
s dilv earer cher o ch { Saen cer g e Linwrraly
& Mifln o Bizacea Mg 'Iﬂl\?\.h\nkpmhrqrﬁlklfndnnmh o GEAR
Arerc au.umdhnnmmmhmimmmp‘g psan rrmmrrdun’;m-;

B ard Mr'hnd'w-.
f-"u"ﬁhm abaad iy o Dhrmenigtora’, by W Tocemhin
nhr Conoo s Wllepr T, 2023 in 3008 du of o d e rmeional Acoderr el

M cal Sy s e d g i yaungr mnrsier .

Walume 1of 1l
JEER DTE-1-527-T1 852

weaew wiley wch.de lullilllull

Methods and Principles in Medicinal Chemistry

E‘. Roberto Todeschini, Viviana Consonni FWILEY-VCH
1]
i Molecular Descriptors
for Chemoinformatics
R Second, Revised and Enlarged Edition

ol Volume I: Alphabetical Listing

Volume 41

Series Editors:
R Mannhald,
H.Kubinyi,
G.Falkers

SOEWIOjUIOWY ) IO}
sicydussaq Jene oy

%S




From information to knowledge

system description by several variables

11 11!

model with relevant information

e R =
stability interpretability predictive power
model under knowledge future use

control of the problem of the model



From information to knowledge fi,

Quality of the models

representation of the chemical information

DATA C UALITY

mathematical methods to extract the information

METHOL QUALITY




Software

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

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

responsible.

Talete srl %7



Software
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DRAGON

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

Talete srl 7



Software ir

o

MobyDigs
Software for the calculation of regression models by

genetic algorithms (GA) for variable selection aimed to
search for predictive models

O

MOBYDIGS



www.moleculardescriptors.eu

Molecular Descriptors

the free online resource

Home | Forum | News & Events | Tutorials | On line resources | Softwares | Books | Links | Contact us

Welcome to moleculardescriptors.eu

Top News

& IAMC meeting

moleculardescriptors.eu is a
website dedicated to all the
scientists who propose new
maolecular descriptors and/or
apply molecular descriptors
in =cientific rezearch.
[more]

"The molecular descriptor is
the final result of a logic and
mathematical procedure
which transforms chemical
information encoded within a
symbaolic representation of
o [Mmore]

The Molecular Descriptor
Forum is a virtual place
where you can discuss, ask
questions or give answers
on molecular descriptors.

This section 1= dedicated to
rdel-.hSt meetings, workshops,

a'}kLgn events and general news

= related to molecular

descriptors.
SuwuCZd

In this section you can find a
| collection of links to on-line
free tools and resources
related to molecular

| descriptors.

% In this section you can find
tutorials and examples
about molecular descriptors.

The next meeting of the
International Academy of
Mathematical Chemistry (IAMC
'2007) will be held in
Dubrovnik June 07-09, 2007.

7? Talete -

Ads bv Goooooogle

BG Medicine, Inc.
Enables novel paths to
new medicine through
molecular fingerprinting
www.BG-Medicine.com

Advertize on this site

Ads by G e
Molecular
Flawvor Diescriptors
Rational Drug Design

HTS Screening
Chemizgtry Software




michem.disat.unimib.it/chm/

Milano Chemometrics and QSAR Research Group
Prof. Roberto Todeschini

Dipartimento di Scienze dell’Ambiente e del Territorio
Universita degli Studi di Milano - Bicocca

map -,
contacts

# Home

& Staff

#® Research

& Studenti

® Schools and Courses
#® Links

@ Download

& News

& Grants

& VICIM

& Contacts

Prof. Todeschini is the new president of the TAMC

At the 3rd Meeting of the International Academy of
Mathematical Chemistry (Dubrovnik, June 7-9, 20077,
Frof. Roberto Todeschini has been elected as new
president of the Academy, in place of Frof. Alexandru
EBalaban. [read more... ]

MOLE db - Molecular Descriptors Data Base
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The MOLE db - Molecular Descriptors Data Base is a
free on-line databasze constituted of 1124 molecular
de=scriptors calculated on 234773 molecules, released
by Milano Chemometrice and QSAR Research Group:
explore the MOLE db data base herel

Mew website about molecular descriptors

& new website dedicated to moelecular descriptors has
been released by Milano chemometrice and QS4R
research group. You can find it here:
www.moleculardescriptors.eu

Download software and code

if strempi
in_omt =
for i=1l:z
W_out =
end

Visit our download page, where wou can find
softwares and MATLAE routines you can freely
download: Kohonen and CPANN toolbox, MOLMAP
multiway toolbox, Variable Reduction
Testbench, CAIMAN (Classification And Influence
Matrix ANalysis), Molecular Descriptor
Correlations, Similarity measure based on
Hasse matrices.

* New website
about molecular
descriptors by
Milano Chemometrics

* Molecular
Descriptors Data
Base by Milanc
Chemometrics

* jamc-online.org,
website of the
International Academy
of Mathematical
Chemistry

* Ranking Methods
in Chemical
Sciences, PhD thesis
by Manuela Favan

* VWCC-LAB, Virtual
Computational
Chemistry Laboratory

* Handbook of
Molecular
Descriptors

+* Gruppo di
Chemiometria della
SCI

+ Past and present
visitors list

E_MDACAR £ £ 1 1 1 i [P



