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OUTLINE

• STRUCTURE-ACTIVITY/PROPERTY 
RELATIONSHIPS

• IS SIMPLE RANDOM SAMPLING A PROPER 
METHOD FOR SPLITTING THE SET OF 
COMPOUNDS IN TRAINING AND TEST?
• MATERIAL & METHOD

• RESULTS

• CONCLUSION
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STRUCTURE-ACTIVITY/PROPERTY 
RELATIONSHIPS

• General model:
Activity = f(structural properties)

→ used to predict the biological response of other chemical 
structures

• Base assumption: similar molecules have similar 

activities ??? – SAR PARADOX
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STRUCTURE-ACTIVITY/PROPERTY 
RELATIONSHIPS

• Good model: 
• quality of biological 

data
• the choice of 

descriptors
• statistical methods
→ accurate and 
reliable predictions of 
biological activities of 
new compounds

• Model validation:
• internal validation or 

cross-validation
• validation by dividing 

the data set into 
training and test 
compounds

• true external validation 
by application of model 
on external data

• data randomization or Y-
scrambling
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MATERIAL

Estrogen receptor
Affinity

25Triphenylacrylonitriles
(Mukherjee et al., 2007)

4

Cell growth
Inhibitory activity

34Taxoids
(Morita et al., 1997)

3

Carbonic anhydrase
II Inhibitory activity

18Sulfonamide derivatives
(Eroğlu et al., 2007)

2

Blood-brain barrier 
permeation

83Drug-like compounds
(Liu et al., 2004; Narayanan et 
al., 2005; Rose et al., 2003)

1
ActivitynClass
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MODELS DEVELOPMENT

• Measured/observed activity (dependent variable): 
previously reported research

• Structural descriptors calculation (independent 
variables): MOLECULAR DESCRIPTORS FAMILY ON 
VERTICES (Bolboaca and Jantschi, 2009)

• Statistical method: Multiple Linear Models
• Training set: used to develop the model (internal 

validation of the model – leave-one-out analysis)
• Test set: used to test the model (external 

validation of the model)
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MODELS DEVELOPMENT

• Set division:
• Observed/Measured 

activity 
• Randomization 

algorithm
• Assuring the normal 

distribution of 
dependent variable 
(Fisher, 1922)

• Training: 75%

• Division reliability:
• Dependent & 

Independent variables
• Generalized cluster 

analysis - K-means 
algorithm (Statistica 8 
software)
• Euclidian distance
• Maximization of the 

initial distance in 
regards of cluster center 
(cross-validation with 
10-folds)
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RESULTS: RANDOMIZATION

619Triphenylacrylonitriles (25)4
1123Taxoids (34)3
612Sulfonamide derivatives (18)2

2855Drug-like compounds (83)1
nTestnTrainingClass (n)

n.a.NoNoNoNoNoTriphenylacrylonitriles (24)4
n.a.NoNoNoNoNoTaxoids (34)3
n.a.NoNoNoNoNoSulfonamide derivatives (18)2
NoNoNoNoNoNoDrug-like compounds (83)1
CSADKSCSADKS

TestTraining
Set (n)
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RESULTS: MODELS TRAINING SETS

0.91120.94970.99110.5316Q2

82 (1.6·10-9)157 (1.4·10-13)444 (3.1·10-9)19 (8.1·10-8)F (p)
0.350.250.080.58s

0.93070.95510.99180.5820R2
a

0.97070.98040.99700.7829R

4 
(n=19, v=6)

3 
(n=23, v=3)

2 
(n=12, v=3)

1 
(n=55, v=4)
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RESULTS: SUMMARY OF GENERALIZED 
CLUSTER ANALYSIS

18 (1.22·10-6)6:5:7:4:1:26Triphenylacrylonitriles (24)4
89 (6.66·10-16)2:1:21:5:55Taxoids (34)3
211 (1.12·10-11)7:4:2:1:45Sulfonamide derivatives (18)2
28 (7.52·10-10)27:33:233Drug-like compounds (83)1
Y: F(p)Nocomp./clustClustSet (n)
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RESULTS: 
SUMMARY OF GENERALIZED CLUSTER ANALYSIS

611211test
19113545training

Triphenylacrylonitriles

1113511test
23421601training

Taxoids

620121test
1221126training

Sulfonamide 

2871110test
55162217training

Drug-like compounds 

∑654321Set|ClusterClass
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RESULTS: 
SUMMARY OF GENERALIZED CLUSTER ANALYSIS

• Z test for comparing two-proportion: 
• matrix of p-values
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RESULTS: DRUG-LIKE COMPOUNDS

• Statistics for log BBB

• ANOVA
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RESULTS: DRUG-LIKE COMPOUNDS 
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SUMMARY

• Observed/Measured activity:
• Simple randomization in training and test sets

• QSAR MLR equation with MDFV descriptors

• Testing the randomization with generalized 
cluster analysis:
• Observed/Measured activity & MDFV descriptors
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CONCLUSION

• IS SIMPLE RANDOM SAMPLING A PROPER METHOD FOR 
SPLITTING THE SET OF COMPOUNDS IN TRAINING AND TEST?
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