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Introduzione ai metodi di 

Intelligenza Artificiale... 

Introduzione ai metodi di 

Intelligenza Artificiale... 
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(Q)SAR(Q)SAR  andand  surroundingssurroundings……  
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TheThe  easiesteasiest  wayway  toto  describedescribe  thethe  

conceptconcept  ofof   (Q)SAR(Q)SAR……  

f(x)f(x)  

A1                       

A2   

A3   

… 

An   

ActivitiesActivities  (LC(LC5050, , mmMM))  ChemicalsChemicals  

   R 

R(1) = NH2   
R(2) = NHCH3   
R(3) =  N(CH3)2  

…                                                                 

R(n) = NHC6H5 
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LC1(A) 

LC2(A) 

LC3(A) 

LC4(A) 

LCn(A) 

Screening for the specific endpointScreening for the specific endpoint  

E.P. (A)E.P. (A)  E.P. (B)E.P. (B)  E. P. (C)E. P. (C)  E.P. (D)E.P. (D)  E.P. (E)E.P. (E)  

Comp.1Comp.1  

Comp.2Comp.2  

Comp.3Comp.3  

Comp.4Comp.4  

Comp.nComp.n  

oror  alternativelyalternatively……  
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ActivityActivity  SpaceSpace  
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LC1(A) 

LC2(A) 

LC3(A) 

LC4(A) 

LCn(A) 

Screening for the specific endpointScreening for the specific endpoint  

E.P. (A)E.P. (A)  E.P. (B)E.P. (B)  E. P. (C)E. P. (C)  E.P. (D)E.P. (D)  E.P. (E)E.P. (E)  

Comp.1Comp.1  

Comp.2Comp.2  

Comp.3Comp.3  

Comp.4Comp.4  

Comp.nComp.n  

WeWe  willwill  discussdiscuss  laterlater  aboutabout  thethe  

dimensiondimension  ofof   thisthis  tabletable  ((nn  xx  mm)!!!)!!!  
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(Q)S(Q)SAARR  itit  isis  notnot  necessarynecessary  toto  rememberremember  thisthis  

definitiondefinition::  

ActivitiesActivities  (IC(IC5050, , mmMM))  

     Any in vivo or in vitro data is affected by both 
PHARMACODYNAMIC and PHARMACOKINETCS  
properties  of  the specific assay. 
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PleasePlease::  don'tdon't  startstart  anyany  (quantitative)(quantitative)  structurestructure--

activityactivity  relationshiprelationship  ifif   you'reyou're  notnot  confidentconfident  ofof     

qualityquality    ofof   youryour  datadata  activity!!!activity!!!  

LCLC5050  ==    11..00                          mmMM  ≠≠    

    11..00    11..00      mmMM  ≠≠    

    11..00    00..55      mmMM  ≠≠    

    11..00    00..11      mmMM  ≠≠  

                                11..00    00..0505  mmMM  

LCLC5050  ==    11..00                          mmMM  ≠≠    

    11..00    11..00      mmMM  ≠≠    

    11..00    00..55      mmMM  ≠≠    

    11..00    00..11      mmMM  ≠≠  

                                11..00    00..0505  mmMM  
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PleasePlease::  don'tdon't  startstart  anyany  (quantitative)(quantitative)  structurestructure--

activityactivity  relationshiprelationship  ifif   you'reyou're  notnot  confidentconfident  ofof     

qualityquality    ofof   youryour  datadata  activity!!!activity!!!  

Credits: https://en.wikipedia.org/wiki/Accuracy_and_precision 
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WeWe  cancan  startstart  wewe  areare  realreal  exampleexample::  

X Cmpd 

number 

Cmpd 

name 

X EC50 (µM) 

1 6a H 11.80 ± 1.90 

2 6b Cl 1.24 ± 0.11 

3 6d NO2 4.58 ± 0.29 

4 6e CN 26.50 ± 5.87 

5 6f C6H5 0.24 ± 0.30 

6 6g N(CH3)2 4.39 ± 0.67 

7 6h I 0.35 ±0.05 

8 6i NHCHO ??? 

The work reported from The Sandoz Institute for Medical Research on the  development of novel analgesic agents 

(1) can be used as an example of a simple QSAR. In this study, vanillylamides and vanillylthioureas related to 

capsaicin were prepared and their activity was tested in an in vitro assay which measured  45Ca2+ influx into dorsal 

root  ganglia neurons. The data, which was reported as the EC50(µM), is shown in Table 1 (note that compound 6f is 

the most active of the series).  

1. Christopher S.J. Walpole, Roger Wrigglerworth, Stuart Bevan, Elizabeth A.  Campbell, Andy Dray, Iain F. James, Kay J. Masdin, Martin N. 

Perkins and Janet  Winter, J. Med. Chem., 36, 2381 (1993).  
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(Q)(Q)SASARR::  followfollow  meme  inin  thisthis  wonderfulwonderful  experienceexperience  

A
c

ti
v

it
y

 

(A
i)

 

Descriptor 

ScatterplotScatterplot… an interesting place where … an interesting place where 

scouting for scouting for patternspatterns!!!!!!  

ScatterplotScatterplot… an interesting place where … an interesting place where 

scouting for scouting for patternspatterns!!!!!!  
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StartingStarting  fromfrom  ourour  table,table,  whatwhat  isis  thethe  firstfirst  

descriptordescriptor  thatthat  wewe  cancan  use?use?  

E
C

5
0
 (

µ
M

) 

Cmpd number 

What is your feeling?What is your feeling?  What is your feeling?What is your feeling?  

0 
0 

30 

8 6 2 4 

15 
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StartingStarting  fromfrom  ourour  table,table,  whatwhat  isis  thethe  firstfirst  

descriptordescriptor  thatthat  wewe  cancan  use?use?  

E
C

5
0
 (

µ
M

) 

Cmpd number 

Well, what we can do now… we can Well, what we can do now… we can 

calculate the calculate the averageaverage, of  course!, of  course!  

Well, what we can do now… we can Well, what we can do now… we can 

calculate the calculate the averageaverage, of  course!, of  course!  

0 
0 

30 

8 6 2 4 

15 

AVERAGE (7.24) 
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HowHow  usefuluseful  couldcould    bebe  thethe  averageaverage  valuevalue  toto  

accuratelyaccurately  predictpredict  thethe  ECEC5050  ofof   cmpdcmpd  88??  

E
C

5
0
 (

µ
M

) 

Cmpd number 

The average, 7.24, provides a guess for the value of  

compound 8 but, how good is this guess?  

The average, 7.24, provides a guess for the value of  

compound 8 but, how good is this guess?  

0 
0 

30 

8 6 2 4 

15 

AVERAGE (7.24) 
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DoDo  youyou  rememberremember  thethe  standardstandard  deviationdeviation  

concept?concept?  JustJust  aa  veryvery  quickquick  refresh!!!refresh!!!  

The standard deviation of  the data, s, shows how far the activity values 

are spread about their average. This value provides an indication of  the 

quality of  the guess by showing the amount of  variability inherent in the 

data. In our case 9.48!!! 

E
C

5
0
 (

µ
M

) 

Cmpd number 

0 
0 

30 

8 6 2 4 

15 

AVERAGE (7.24) 

Credits: https://en.wikipedia.org/wiki/Standard_deviation 

EC50 – 7,24 
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DoDo  youyou  rememberremember  thethe  standardstandard  deviationdeviation  

concept?concept?  JustJust  aa  veryvery  quickquick  refresh!!!refresh!!!  

Why n – 1? The n-1 (called Bessel’s correction) in the sample 

variance formula is a correction factor to adjust the result because the 

sample mean tends to underestimate the population mean. 

Credits: https://en.wikipedia.org/wiki/Standard_deviation 
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WeWe  mustmust  changechange  thethe  naturenature  ofof   thethe  descriptordescriptor  

butbut  how?how?  

Back to 1964…Back to 1964…  Back to 1964…Back to 1964…  

E
C

5
0
 (

µ
M

) 

Cmpd number 

0 
0 

30 

8 6 2 4 

15 

AVERAGE (7.24) 
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Spencer M. Free and James W. Wilson: A 

Mathematical Contribution to Structure 

Activity Studies. 

Credits: https://pubs.acs.org/doi/10.1021/jm00334a001 
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Spencer M. Free and James W. Wilson: A 

Mathematical Contribution to Structure 

Activity Studies. 

Credits: https://pubs.acs.org/doi/10.1021/jm00334a001 
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Spencer M. Free and James W. Wilson: A 

Mathematical Contribution to Structure 

Activity Studies. 

Credits: https://pubs.acs.org/doi/10.1021/jm00334a001 



M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy 
      S.MORO – IA@DSF  QSAR _1 

Spencer M. Free and James W. Wilson: A 

Mathematical Contribution to Structure 

Activity Studies. 

How it Works: 

E
C

5
0
 (

µ
M

) 

Cmpd number 

0 
0 

30 

8 6 2 4 

15 

AVERAGE (7.24) 

R =H (11.80) 

XXH 

EC50 : H       R 

EC50 – 11,80 



M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy 
      S.MORO – IA@DSF  QSAR _1 

Spencer M. Free and James W. Wilson: A 

Mathematical Contribution to Structure 

Activity Studies. 

How it Works: EC50 : H       R 

Cmpd 

number 

Cmpd 

name 

X EC50 (µM) EC50 (µM) 

 

1 6a H 11.80 ± 1.90 0 

2 6b Cl 1.24 ± 0.11 - 10.56 

3 6d NO2 4.58 ± 0.29 - 7.22 

4 6e CN 26.50 ± 5.87 14.7 

5 6f C6H5 0.24 ± 0.30 - 11.56 

6 6g N(CH3)2 4.39 ± 0.67 - 7.41 

7 6h I 0.35 ±0.05 - 11.45 

8 6i NHCHO ??? ??? 
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Spencer M. Free and James W. Wilson: A 

Mathematical Contribution to Structure 

Activity Studies. 

EC50 (R) = EC50 (H) + EC50 (R) 

How we can use this EC50  
 
a) Unfortunately, we cannot  estiiate the activity of  

compound 8!!! 

 

 

b) We assume that the biological activity of  a molecule can 

be represented as follow: 
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Spencer M. Free and James W. Wilson: A 

Mathematical Contribution to Structure 

Activity Studies. 

How we can use this EC50  
 
a) Following Free-Wilson approach in the case of  at least 

two (or more) substituent, such as in this example: 

R2

R1
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Spencer M. Free and James W. Wilson: A 

Mathematical Contribution to Structure 

Activity Studies. 

How we can use this EC50  
 
a) In this case, it can assume that the biological activity of  a 

molecule can be represented as follow: 

 

 

 

 

b) If  it can be assumed that the contribution of  the 

substituent is independent from where is located, it is 

very easy to anticipate the biological activity of  new 

disubstituited  analogs: 

EC50 (R) = EC50 (H) + EC50 (R1) + EC50 (R2)  
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Spencer M. Free and James W. Wilson: A 

Mathematical Contribution to Structure 

Activity Studies. 

Activity = ∑ aixi  + C 

ai are the regression coefficients for each 

substituent; 
 

xi are binary variables (1 if  the substituent is 

present, 0 if  absent); 
 

C is a constant (could you read the meaning of  the 

costant?) 

 

or generalizing: 
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Spencer M. Free and James W. Wilson: A 

Mathematical Contribution to Structure 

Activity Studies. 

Activity = ∑ aixi  + C 

Despite the descriptive simplicity of  the additive 

(linear) model proposed by Free and Wilson, there 

are rare examples of  quantitative structure-activity 

relationships that have been shown to be 

describable with acceptable predictive accuracy! 

Why? 
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Is the world made of  straight lines? 

… at that of  the Free-Wilson time it seemed so!!! 
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I like to introduce Louis Hammett... 

and his sigma (s)s)  

Louis Louis PlackPlack  Hammett (Hammett (AprilApril    7, 1894 7, 1894 ——  FebruaryFebruary    9, 19879, 1987 ))  

1940 

Physical Organic Chemistry. 
New York; McGraw-Hill. 
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From the birth of  organic physical chemistry… to an 

interesting application in medicinal chemistry.  

OHO

NO
2

+  H
2
O

O O

NO
2

+  H
3
O+

H
2
O

25°C
Ka = 32.1 x 10-5 ; pKa = 3.49 

OHO

NO
2

+  H
2
O

O O

NO
2

+  H
3
O+

H
2
O

25°C
Ka = 37.0 x 10-5 ; pKa = 3.42 

OHO

+  H
2
O

O O

+  H
3
O+

H
2
O

25°C
Ka = 6.27 x 10-5 ; pKa = 4.20 

OHO

OMe

+  H
2
O

O O

OMe

+  H
3
O+

H
2
O

25°C
Ka = 3.31 x 10-5 ; pKa = 4.48 

L.P. Hammett,The Effect of Structure upon the Reactions of Organic Compounds. Benzene Derivatives. J. Am. Chem. Soc. 1937, 59, 96-103 . 
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From the electronic effects of  the substituent to the 

definition of  the constant ss::  

)()( 4656 COOHHXCpKaCOOHHCpKaX s

)(

)(
log

56

46

COOHHCKa

COOHHXCKa
x s

Subtituent X pKa 

(XC6H4COOH) 

sx 

H 4.20 0 

m-OCH3 4.09 0.11 

m-F 3.86 0.34 

m-NO2 3.49 0.71 

p-NO2 3.42 0.78 

p-CH3 4.37 -0.17 

p-OCH3 4.48 -0.28 

pKa for some substituted benzoic acids (H2O, 25°C) 

and corresponding s values ​​of  s  the substituents. 
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Sostituente sm sp 

NO2 0.71 0.78 

CN 0.61 0.70 

CF3 0.43 0.54 

CH3COO 0.39 0.31 

Br 0.39 0.23 

CH3CO 0.38 0.48 

CO2C2H5 0.37 0.45 

Cl 0.37 0.22 

CHO 0.36 0.44 

CO2H 0.35 0.44 

I 0.35 0.28 

F 0.34 0.06 

CCH 0.20 0.23 

SCH3 0.15  0 

OH 0.13 -0.38 

OCH3 0.11 -0.28 

C6H5 0.05   0 

H 0 0 

CH3 -0.06 -0.17 

C2H5 -0.07 -0.15 

CH(CH3)2 -0.07 -0.15 

C(CH3)3 -0.10 -0.20 

N(CH3)2 -0.15 -0.63 

NH2 -0.16 -0.57 

Substituent Effect Theory  
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-0.194 

-0.165 

-0.155 

-0.158 

Polarization effect 

Field effect 

d- 

d+ 

d+ 

Inductive effect  
(polarization and field effect) 

F 

qCF3
= 

+0.421 

qCH3
= -0.211 
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sp 

sp 

? ? 

… but is sigma ((ss)) an invariant property of  

the substituent?  
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Electronic effect of  the substituent and constant ss::  

)(

)(
log

56

46

COOHHCKa

COOHHXCKa
x s

But what electronic effect was Hammett discussing as he 

defined his constant ss? 

OHO

R

sp = sI + sR 

OHO

R

sm = sI + asR 
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XC6H4CH2CH2COOH 

r=0.21 

p-CH3O 

p-CH3 
m-CH3O 

p-Cl 

m-Cl 

p-NO2 

Application of  the constant ss: dissociation of  homo-benzoic acids   

CH
2
COOH

+  H
2
O

CH
2
COO

+  H
3
O+

H
2
O

25°C

X X

-

CH
2
CH

2
COOH

+  H
2
O

CH
2
CH

2
COO

+  H
3
O+

H
2
O

25°C

X X

-

Ka(C6H5CH2COOH)

Ka(XC6H4CH2COOH)
log log=   r

Ka(C6H5COOH)

Ka(XC6H4COOH)

sX

Ka(C6H5CH2COOH)

Ka(XC6H4CH2COOH)
log =   r

XC6H4CH2COOH 

r=0.49 

m-NO2 

p-I 
m-I 

log Ka(XC6H4COOH) 

lo
g

 K
a

(X
C

6
H

4
(C

H
2
) n

C
O

O
H

) 

-4.00 

-4.25 

-4.50 

-4.75 
-4.4 -4.2 -4.0 -3.8 -3.6 -3.4 

Hammett-plot 
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The first example of  "additivity" in organic 

chemistry:  

OHO

R2R1

log Ka(R1,R2) = log Karif + r sRi 

pKa(R1,R2) = pKarif - r sRi 

a nice and convincing example:  

pKa(R1,R2) = 4.2 – (0.71 x 2) = 2.78 

pKa(R1,R2) = 2.82 (exp) 

For benzoic acids serie is 1 
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… and after Hammett  
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The fragments method of  Hansch-

Fujita. 
(J. Am. Chem. Soc. 1964, 86,  5175) 

POMONA COLLEGE (Claremont, California) 
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Phase 1 (water) 

Phase 2 (n-octanol) 

OH

OH

OH

OH

OH

OH

OH

OH

Hydrophobicity and partition coefficient Hydrophobicity and partition coefficient   

 )1(

0

)1()1( ln phasephasephase CRT mm

 )2(

0

)2()2( ln phasephasephase CRT mm

At the equilibrium: 

)2()1( phasephase mm 

   )2(

0

)2()1(

0

)1( lnln phasephasephasephase CRTCRT  mm

   )2()1(

0

)2(

0

)1( lnln phasephasephasephase CRTCRT  mm

  
)2(

)1(
P

C

C

phase

phase













Partition coefficient Partition coefficient   














)2(

)1(0

)2(

0

)1( ln
phase

phase

phasephase
C

C
RTmm
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)(

)1(

2

P
C

C

OH

phase













Partition coefficientPartition coefficient  

We can define: We can define:   ““hydrophobichydrophobic” a compound with P > 1;” a compound with P > 1;  

      ““hydrophilichydrophilic” a compound with P < 1.” a compound with P < 1.  

  loglog
)(

)1(

2

P
C

C

OH

phase














We can define: We can define:   ““hydrophobichydrophobic” a compound with logP > 0;” a compound with logP > 0;  

      ““hydrophilichydrophilic” a compound with logP < 0.” a compound with logP < 0.  

Hydrophobicity and partition coefficient Hydrophobicity and partition coefficient   
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How we can choose the second phase:How we can choose the second phase:  

OH n-octanol •“Similarity” with biological membrane; 

•immiscible in water even if  27% of  water 

dissolves in it… so the first region of  hydration  

of  the solute is preserved; 

•UV transparent; 

•Low vapor pressure. 

 

cyclohexane 

Immiscible in water and very low amount of  

water dissolves in it… so also the first region 

of  hydration of  the solute is lost. 

The differences between the logP values in n-

octanol and cyclohexane  is a measure of  the 

de-hydration energy of  a solute. 

Hydrophobicity and partition coefficient Hydrophobicity and partition coefficient   
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How we can choose the second phase:How we can choose the second phase:  

OH n-octanol •“Similarity” with biological membrane; 

Do you see any similarity?Do you see any similarity?  

…in addition to this?…in addition to this?  
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The hydrophobic constant of  substituent, p 

log P = 2.13 

log P = 1.48 log P = 2.69 log P = 1.85 log P = 2.99 

pX = log PC6H5X – log PC6H6 

pBr = 0.86 pCH3
 = 0.56 pNO2

 = -0.28 pOH = -0.67 
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Substituent p aromatic p aliphatic 

F 0.14 -0.17 

Cl 0.71 0.39 

Br 0.86 0.60 

I 1.12 1.00 

OH -0.67 -1.16 

OCH3 -0.02 -0.47 

SCH3 0.61 0.45 

CN -0.57 -0.84 

COOH -0.28 -0.67 

COOCH3 -0.01 -0.27 

COCH3 -0.55 -0.71 

NH2 -1.23 -1.19 

N(CH3)2 -0.28 -0.85 

NO2 -0.28 -0.85 

CH3 0.56 0.50 

The hydrophobic constant of  substituent, p 
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Substituent p aromatic p aliphatic 

F 0.14 -0.17 

Cl 0.71 0.39 

Br 0.86 0.60 

I 1.12 1.00 

OH -0.67 -1.16 

OCH3 -0.02 -0.47 

SCH3 0.61 0.45 

CN -0.57 -0.84 

COOH -0.28 -0.67 

COOCH3 -0.01 -0.27 

COCH3 -0.55 -0.71 

NH2 -1.23 -1.19 

N(CH3)2 -0.28 -0.85 

NO2 -0.28 -0.85 

CH3 0.56 0.50 

The hydrophobic constant of  substituent, p 

Ref. benzene 

log P = 2.13 

Ref. cyclohexane 

log P = 3.44 
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The additive rule:  

lop PC6H6
 =  2.13 

log P calculated (ClogP): 

2.412.41  

pCH3
 =  0.56 

pNO2
 = -0.28 

log P : 2.452.45  

It works?  Just check together: 

IMPRESSIVE!!!!!IMPRESSIVE!!!!!  
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NH
2

Cl

log P  1.801.80  

Clog P  1.611.61  

OH

Cl

log P  2.302.30  

Clog P  2.142.14  

COOH

CH
3

log P  2.402.40  

Clog P  2.382.38  

……  

…not too bad!!!…not too bad!!!  

The hydrophobic constant of  substituent, p 
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lop PC6H6
 =  2.13 

log P calculated (ClogP): 

2.412.41  

pCH3
 =  0.56 

pNO2
 = -0.28 

But not so good… 

CH
3

NO
2

CH
3

NO
2

CH
3

NO
2

??  

log P   2.422.42  log P   2.302.30  log P   2.452.45  

The hydrophobic constant of  substituent, p 
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lop PC6H6
 =  2.13 

log P calculated (ClogP): 

4.374.37  

4 x pCH3
 =  2.24 

again... 

CH
2

CH
2

CH
2

CH
3

??  

CH
2

C
H

CH
3

CH
3 C

H CH
2

CH
3

CH
3

CH
3

CH
3

CH
3

4.264.26  4.014.01  4.574.57  4.114.11  

The hydrophobic constant of  substituent, p 
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Corwin… we have a problem!Corwin… we have a problem!  

pH = 0  

IsIs  thisthis  true?true?  IsIs  thisthis  true?true?  

ButBut  howhow  wewe  cancan  demonstratedemonstrate  thisthis  isis  notnot  true?true?  ButBut  howhow  wewe  cancan  demonstratedemonstrate  thisthis  isis  notnot  true?true?  
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Corwin… we have a problem!Corwin… we have a problem!  

HereHere  isis  howhow  hehe  fixedfixed  thethe  problemproblem……  asas  anan  engineerengineer  

usuallyusually  donedone  introductionintroduction  thethe  magicmagic  correctioncorrection  
factorsfactors  !!!!!!  

HereHere  isis  howhow  hehe  fixedfixed  thethe  problemproblem……  asas  anan  engineerengineer  

usuallyusually  donedone  introductionintroduction  thethe  magicmagic  correctioncorrection  
factorsfactors  !!!!!!  

Remember : a correction factor is any mathematical 

adjustment made to a calculation to account for deviations in 

either the sample or the method of  measurement.    
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• Branched carbon chain (p = -0.20); 

• Double bond (p = -0.30); 

• Intra-molecular H-bond (p = 0.65); 

• Ring condensation (p = -0.20) 

• … 

 

Finally the log P  calculated by Hansch-Fujita: 

 

Clog P = log Pref  +  pXi +  p 

The hydrophobic correction factors, p 
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Nowadays, are these methods reliable? 

… you decide!!! 

ClogPClogP……  aa  wonderfullywonderfully  preciousprecious  molecularmolecular  descriptor!descriptor!  ClogPClogP……  aa  wonderfullywonderfully  preciousprecious  molecularmolecular  descriptor!descriptor!  

credits: https://www.molinspiration.com/cgi-bin/properties 
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Cmpd 

number 

Cmpd 

name 

X EC50 (µM) sp 

1 6a H 11.80 ± 1.90 0 

2 6b Cl 1.24 ± 0.11 0.78 

3 6d NO2 4.58 ± 0.29 0.22 

4 6e CN 26.50 ± 5.87 0.70 

5 6f C6H5 0.24 ± 0.30 0.10 

6 6g N(CH3)2 4.39 ± 0.67 -0.63 

7 6h I 0.35 ±0.05 0.28 

8 6i NHCHO ??? 0.12 

Can we replace in our scatterplot the 

“cmpd number” with “sp”? 
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Can we replace in our scatterplot the 

“cmpd number” with “sp”? 

sp 

E
C

5
0
 (

µ
M

) 
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Cmpd 

number 

Cmpd 

name 

X EC50 (µM) sp p 

1 6a H 11.80 ± 1.90 0 0 

2 6b Cl 1.24 ± 0.11 0.78 0.71 

3 6d NO2 4.58 ± 0.29 0.22 - 0.28 

4 6e CN 26.50 ± 5.87 0.70 - 0.57 

5 6f C6H5 0.24 ± 0.30 0.10 2.00 

6 6g N(CH3)2 4.39 ± 0.67 -0.63 - 0.28 

7 6h I 0.35 ±0.05 0.28 1.12 

8 6i NHCHO ??? 0.12 - 0.70 

… or can we replace in our scatterplot 

the “sp” with “p”? 
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p 

E
C

5
0
 (

µ
M

) 

… or can we replace in our scatterplot 

the “sp” with “p”? 
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… and now? 
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(Q)(Q)SSAARR::  wewe  areare  readyready  toto  thisthis……  

PM = 108,14 

nC = 6 

pKa = 6.2 

logP = -0.3 

MP = 142 

Volume = 93,9 

…      

NH
2

NH
2

Structure 

Properties PSA = 52 
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Chemical Structure (CS)Chemical Structure (CS)  Chemical Structure (CS)Chemical Structure (CS)  

Chemical Compound (CCChemical Compound (CC))  Chemical Compound (CCChemical Compound (CC))  

Real world 

Chemical Properties (CP)Chemical Properties (CP)  Chemical Properties (CP)Chemical Properties (CP)  

Numerical Numerical 

representazions of  CSrepresentazions of  CS  

Numerical Numerical 

representazions of  CSrepresentazions of  CS  

Virtual world 

Molecular Descriptors (MD)Molecular Descriptors (MD)  Molecular Descriptors (MD)Molecular Descriptors (MD)  

(Q)(Q)SSAARR::  wewe  areare  readyready  toto  thisthis……  
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(Q)(Q)SSAARR::  wewe  areare  readyready  toto  thisthis……  

DRAGON 7.0 is able to calculate 5270 

molecular descriptors.  

R. Todeschini 
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TheThe  easiesteasiest  wayway  toto  describedescribe  thethe  

conceptconcept  ofof   (Q)SAR(Q)SAR……  

f(x)f(x)  

A1                       

A2   

A3   

… 

An   

ActivitiesActivities  (LC(LC5050, , mmMM))  ChemicalsChemicals  

   R 

R(1) = NH2   
R(2) = NHCH3   
R(3) =  N(CH3)2  

…                                                                 

R(n) = NHC6H5 
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(Q)(Q)SASARR::  followfollow  meme  inin  thisthis  wonderfulwonderful  experienceexperience  

A
c

ti
v

it
y

 

(A
i)

 

Property (Pi) 

1 

2 

3 

4 5 

1 
2 

3 

4 

5 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

ScatterplotScatterplot… an interesting place where … an interesting place where 

scouting for patterns!!!scouting for patterns!!!  

ScatterplotScatterplot… an interesting place where … an interesting place where 

scouting for patterns!!!scouting for patterns!!!  
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((Q)SAQ)SARR::  howhow  cancan  wewe  selectselect  thethe  goodgood  

““molecularmolecular  descriptor(s)descriptor(s)”?”?  

((Q)SAQ)SARR::  howhow  cancan  wewe  selectselect  thethe  goodgood  

““molecularmolecular  descriptor(s)descriptor(s)”?”?  
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((Q)SAQ)SARR::  thisthis  isis  thethe  basebase  ofof   aa  quantitativequantitative  

structurestructure--activityactivity  relationshiprelationship  (QSAR)(QSAR)::  findfind  

patternspatterns  !!  

((Q)SAQ)SARR::  thisthis  isis  thethe  basebase  ofof   aa  quantitativequantitative  

structurestructure--activityactivity  relationshiprelationship  (QSAR)(QSAR)::  findfind  

patternspatterns  !!  

A
c

ti
v

it
y

 

(A
i)

 

Property (Pi) 

1 
2 

3 

4 

5 

A
c

ti
v

it
y

 

(A
i)

 

Property (Pi) 

1 

2 

3 

4 

5 

Ai = aPi + b 
Ai = -aPi

2 + bPi + c  

optimum 
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Yes,Yes,  wewe  cancan  looklook  forfor  ““regularityregularity””  

((patternpattern))  betweenbetween  thethe  variabilityvariability  

ofof   molecularmolecular  descriptorsdescriptors  andand  thethe  

correspondingcorresponding  variabilityvariability  ofof   

experimentalexperimental  activitiesactivities..  

Yes,Yes,  wewe  cancan  looklook  forfor  ““regularityregularity””  

((patternpattern))  betweenbetween  thethe  variabilityvariability  

ofof   molecularmolecular  descriptorsdescriptors  andand  thethe  

correspondingcorresponding  variabilityvariability  ofof   

experimentalexperimental  activitiesactivities..  
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TheThe  beautybeauty  ofof   mathematicsmathematics::  TheThe  beautybeauty  ofof   mathematicsmathematics::  

A
c

ti
v

it
y

 

(A
i)

 

Property (Pi) 

1 
2 

3 

4 

5 

Ai = a Pi + b 

DiscreteDiscrete  (few(few  xx--yy  corrispondences)corrispondences)    
ContinuumContinuum  (∞(∞  xx--yy  corrispondences)corrispondences)    
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PatternsPatterns  areare  gorgeousgorgeous::  PatternsPatterns  areare  gorgeousgorgeous::  

••PatternsPatterns  cancan  bebe  mathematicallymathematically  

condensedcondensed  inin  equationsequations;;  

••PatternPattern  cancan  bebe  usedused  toto  describedescribe  

relationshipsrelationships  amongamong  variablesvariables;;  

••PatternsPatterns  cancan  bebe  usedused  toto  predictpredict    newnew  

datadata;;  

••PatternsPatterns  cancan  bebe  usedused  toto  verifyverify  exitingexiting  

datadata;;  

••PatternsPatterns  cancan  bebe  mathematicallymathematically  

condensedcondensed  inin  equationsequations;;  

••PatternPattern  cancan  bebe  usedused  toto  describedescribe  

relationshipsrelationships  amongamong  variablesvariables;;  

••PatternsPatterns  cancan  bebe  usedused  toto  predictpredict    newnew  

datadata;;  

••PatternsPatterns  cancan  bebe  usedused  toto  verifyverify  exitingexiting  

datadata;;  
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sometimessometimes  tootoo  gorgeousgorgeous……  sometimessometimes  tootoo  gorgeousgorgeous……  
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 classification models (qualitative response)classification models (qualitative response)  

 regression models (quantitative response)regression models (quantitative response)  

 ranking models (ordered response)ranking models (ordered response)  

 classification models (qualitative response)classification models (qualitative response)  

 regression models (quantitative response)regression models (quantitative response)  

 ranking models (ordered response)ranking models (ordered response)  

sometimessometimes  tootoo  gorgeousgorgeous……  sometimessometimes  tootoo  gorgeousgorgeous……  
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TheThe  scatterscatter  plotplot::  thethe  bestbest  placeplace  wherewhere  

exploreexplore  (Q)SAR(Q)SAR.. 

TheThe  scatterscatter  plotplot::  thethe  bestbest  placeplace  wherewhere  

exploreexplore  (Q)SAR(Q)SAR.. 

T
o

x
ic

it
y

 (
T

i)
 

Property (Pi) 

Threshold 

   R 

HIGH LOW 

Ti = a Pi + b 

HIGH 

LOW 
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TheThe  scatterscatter  plotplot::  thethe  bestbest  placeplace  wherewhere  

exploreexplore  (Q)SAR(Q)SAR.. 

TheThe  scatterscatter  plotplot::  thethe  bestbest  placeplace  wherewhere  

exploreexplore  (Q)SAR(Q)SAR.. 

T
o

x
ic

it
y

 (
T

i)
 

Property (Pi) 

   R 

APPLICABILITY DOMAIN 

interpolation 

extrapolation 
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 classification models (qualitative response)classification models (qualitative response)  

 regression models (quantitative response)regression models (quantitative response)  

 ranking models (ordered response)ranking models (ordered response)  

 classification models (qualitative response)classification models (qualitative response)  

 regression models (quantitative response)regression models (quantitative response)  

 ranking models (ordered response)ranking models (ordered response)  

sometimessometimes  tootoo  gorgeousgorgeous……  thethe  firstfirst  

powerfullpowerfull  exampleexample  ofof   AIAI::  

sometimessometimes  tootoo  gorgeousgorgeous……  thethe  firstfirst  

powerfullpowerfull  exampleexample  ofof   AIAI::  
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TheThe  scatterscatter  plotplot::  thethe  bestbest  placeplace  wherewhere  

exploreexplore  (Q)SAR(Q)SAR::  looklook  atat  thisthis  experimentexperiment 

TheThe  scatterscatter  plotplot::  thethe  bestbest  placeplace  wherewhere  

exploreexplore  (Q)SAR(Q)SAR::  looklook  atat  thisthis  experimentexperiment 

A
c

ti
v

it
y

 (
A

i)
 

Property (Pi) 

Ti = a Pi + b 

   R n = 40 
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TheThe  twotwo  statisticalstatistical  goldgold  rulesrules  dodo  

buildbuild  upup  linearlinear  modelsmodels::  

•• ForFor  eacheach  independentindependent  variablevariable  

((molecularmolecular  descriptordescriptor))  youyou  needneed  atat  

leastleast  fivefive  ((55))  dependentdependent  variablevariable  valuesvalues  

((activitiesactivities))..  

•• ForFor  eacheach  independentindependent  variablevariable  

((molecularmolecular  descriptordescriptor))  youyou  needneed  atat  

leastleast  fivefive  ((55))  dependentdependent  variablevariable  valuesvalues  

((activitiesactivities))..  

•• TheThe  dependentdependent  variablevariable  valuesvalues  

((activitiesactivities))  mustmust  bebe  accurateaccurate  andand  

preciseprecise..  

•• TheThe  dependentdependent  variablevariable  valuesvalues  

((activitiesactivities))  mustmust  bebe  accurateaccurate  andand  

preciseprecise..  
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A
c

ti
v

it
y

 (
A

i)
 

Property (Pi) 

Now,Now,  howhow  cancan  wewe  selectselect  thethe  

““goodgood””  linearlinear  modelmodel::  

Now,Now,  howhow  cancan  wewe  selectselect  thethe  

““goodgood””  linearlinear  modelmodel::  

credits: https://en.wikipedia.org/wiki/Homoscedasticity_and_heteroscedasticity homogeneity of  variance.    

Homoscedasticity 
or homogeneity of  variances, is an assumption of  equal or 

similar variances in different groups (experiments) being 

compared. 
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Now,Now,  howhow  cancan  wewe  selectselect  thethe  

““goodgood””  linearlinear  modelmodel::  

Now,Now,  howhow  cancan  wewe  selectselect  thethe  

““goodgood””  linearlinear  modelmodel::  

credits: https://en.wikipedia.org/wiki/Homoscedasticity_and_heteroscedasticity homogeneity of  variance.    

For homoskedasticity violation, the standard errors will be biased and estimates of  regression 

coefficients will be less efficient. In practice, this usually mean overestimating the precision of  your 

model  
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TheThe  scatterscatter  plotplot::  thethe  bestbest  placeplace  wherewhere  

exploreexplore  (Q)SAR(Q)SAR::  looklook  atat  thisthis  experimentexperiment 

TheThe  scatterscatter  plotplot::  thethe  bestbest  placeplace  wherewhere  

exploreexplore  (Q)SAR(Q)SAR::  looklook  atat  thisthis  experimentexperiment 
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Property (Pi) 

Ti = a Pi + b 

   R n = 40 
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dodo  youyou  rememberremember……  LeastLeast  SquaresSquares  Analysis?Analysis?  

1. What is a Least Squares Regression Line? 
  

If  your data shows a linear relationship between the X and Y 

variables, you will want to find the line that best 

fits that relationship. That line is called a Regression Line 

and has the equation ŷ= a + b x. The Least Squares 

Regression Line is the line that makes the vertical distance 

from the data points to the regression line as small as 

possible. It’s called a “least squares” because the best line 

of  fit is one that minimizes the variance (the sum of  squares 

of  the errors).  

.  

Credits: https://en.wikipedia.org/wiki/Least_squares 
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dodo  youyou  rememberremember……  LeastLeast  SquaresSquares  Analysis?Analysis?  
A
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Property (Pi) 

residualresidual  

LSA is a method for linear 

regression that determines 

the values of  unknown 

quantities in a statistical 

model by minimizing the sum 

of  the residuals, the 

difference between the 

predicted (ŷ) and observed 

values (y) squared.  

ee  ==  ŷŷ  --  yy  

Credits: https://en.wikipedia.org/wiki/Least_squares 
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dodo  youyou  rememberremember……  LeastLeast  SquaresSquares  Analysis?Analysis?  

Please  looks this video: https://youtu.be/bhKXKTaQ96M 

This can be a bit hard to visualize but the main point 

is you are aiming to find the equation that fits the 

points as closely as possible. 

https://youtu.be/bhKXKTaQ96M
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  
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


       

22

bxay ˆ

Credits: https://en.wikipedia.org/wiki/Least_squares 
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Goodness of  fit: variation in the data is quantified by 

the coefficient of  determination (r2) which measures how 

closely the observed data tracks the fitted regression line. 

Errors in either the model or in the data will lead to a bad fit. 

This indicator of  fit to the regression line is calculated as:  

Original variance = Explained variance (i.e., variance explained by the equation) 

+ Unexplained variance (i.e., residual variance around regression line) 
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 (
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Compound Number 

ymean 

Variance Original

Variance Explained2 r
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0 < r2 < 1 

Possible values reported for r 2 fall between 0 and 1. For example: with r 2 of  

0.83, you can say that 83% of  the variability in activity can be explained by the 

different value of  the selected molecular property. The remaining 17% of  
variability is due to other unexplained factors. 

Calculating r 2 

TSS

RSS

TSS

RSSTSS

TSS

ESS
r 


 12

Original variance: 



N

i

i yyTSS
1

2)(

Explained variance: 



N

i

calci yyESS
1

2

, )(





N

i

icalci yyRSS
1

2

, )(Variance around regression line: 
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Goodness of  fit: the Pearson correlation coefficient 

(r) is the square root of  r2 expressed as a decimal.  Its size is 

always between 0 and 1.  The sign of  the correlation 

coefficient depends on the slope of  the regression line:  

0 < r < 1 A
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ti
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y

 (
A
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Property (Pi) 

TSS

ESS
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ESS
r       2
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A perfect correlation of  ± 1 occurs 

only when the data points all lie 

exactly on a straight line.  A 

correlation greater than 0.8 would 

be described as strong, whereas a 

correlation less than 0.5 would be 

described as weak.    

directdirect  corrcorr..  

inverseinverse  corrcorr..  
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HowHow  wewe  cancan  selectselect  thethe  goodgood  

descriptors?descriptors?  CompareCompare  r!r! 
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OutliersOutliers::  anan  outlieroutlier  isis  anan  observationobservation  thatthat  isis  

numericallynumerically  distantdistant  fromfrom  thethe  restrest  ofof   thethe  datadata..    
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HowHow  dodo  wewe  dealdeal  withwith  them,them,  usually?usually?  

Remove it! 
Shift it! 
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… the rabbit (pattern) is out there!!!… the rabbit (pattern) is out there!!!  … the rabbit (pattern) is out there!!!… the rabbit (pattern) is out there!!!  

BeBe  carefullcarefull……  
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TheThe  scatterscatter  plotplot::  thethe  bestbest  placeplace  wherewhere  

exploreexplore  (Q)SAR(Q)SAR.. 

TheThe  scatterscatter  plotplot::  thethe  bestbest  placeplace  wherewhere  

exploreexplore  (Q)SAR(Q)SAR.. 
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   R 

APPLICABILITY DOMAIN 

interpolation 

extrapolation 

n = 40 + 1 



M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy 
      S.MORO – IA@DSF  QSAR _1 

Cross-validation (CV) for detecting 

and preventing overfitting! 

Cross-validation (CV) for detecting 

and preventing overfitting! 
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yy  ==  f(x)f(x)  ++  noisenoise  

How we can deal 

with these data? 

Let’s consider three 

different approaches… 
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LinearLinear  QuadraticQuadratic  JointJoint--thethe--dotsdots  
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Also known as 

piecewise linear non 
parametric regression… 

if  that makes you feel 

better!!! 

“How well are you going to predict future data 

drawn from the same distribution?” 
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TheThe  ““testtest  setset  ””  methodmethod……lookslooks  thisthis::  TheThe  ““testtest  setset  ””  methodmethod……lookslooks  thisthis::  
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TheThe  ““testtest  setset  ””  methodmethod……lookslooks  thisthis::  TheThe  ““testtest  setset  ””  methodmethod……lookslooks  thisthis::  

1. Randomly choose 30% of  the data to 

be in a test set ; 

2. The remainder is a training set ; 

3. Perform your regression on the 

training set ; 

4. Estimate your future performance 

with the test set . 

Mean Squared Error (MSE) 
 )

n

xx
MSE

i 


2
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MSE = 2.4                                   0.9                                    2.2 

Good news: 
•Very very simple; 

•Can then simply choose the method with the best “test set” score. 

 

Bad news: 
•Wastes data: we get an estimate of  the best method to apply to 30% less data; 

•If  we don’t have much data, our test-set might just be lucky or unlucky. 
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oror  ““LOOCVLOOCV  ””  (Leave(Leave--OneOne--OutOut  CrossCross  

Validation)Validation)  methodmethod……  lookslooks  thisthis::  

oror  ““LOOCVLOOCV  ””  (Leave(Leave--OneOne--OutOut  CrossCross  

Validation)Validation)  methodmethod……  lookslooks  thisthis::  

1. Select the first (xi , yi ) data; 

2. Temporary remove (xi , yi )  from the 

data set; 

3. Train on the remaining n-1 

datapoints; 

4. Note your error (xi , yi ); 

For each data consider this loop: 

When you’ve done all points, report the 

mean squared errors (MSE). 
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MSEMSELOOCVLOOCV  ==  33..3333  
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MSEMSELOOCVLOOCV  ==  00..9696  
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MSEMSELOOCVLOOCV  ==  22..1212  
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SoSo……  whichwhich  kindkind  ofof   validation?validation?  SoSo……  whichwhich  kindkind  ofof   validation?validation?  

Downside Upside 

Test-set Variance: unreliable 

estimate of  future 

performance 

Time cheap 

Leave-

one-out 

Time expensive. 

Has some weird 

behaviour 

Doesn’t 

waste data 
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experimental  

responses 

molecular  

descriptors 

training set 

set of 

molecules 

 

MODEL 

 

SRC (QSAR, QSPR, ... ) 

fitting 

molecular  

descriptors 

new 

molecules 

predicted new 

responses 

reversible decoding 

experimental  

responses 

molecular  

descriptors 

test set 

prediction 

power 

Here a possible work-flow: Here a possible work-flow: 


