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This tutorial will show you how to perform a QSAR with MLR and PLS statistical tools




In the Gnumerics file enclosed (Tutorial Data) you will find 29 sugars with different sucrose
relative power and 8 different descriptors as reported in the publication.
The objective of this tutorial is to make you use of simple informatics tools to establish QSAR
models.
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ABSTRACT

A quantitative structure activity relationship study of 31 sucrose derivatives and 30 guanidine derivatives has been undertaken.
Their sweetness values, relative to sucrose (RS), have been taken from literature. The study has been made with the help of
CAChe Prosoftware by using eight descriptors, viz. electron affinity, ionization potential, electrophilicity index, total energy, heat
of formation, steric energy, molar refractivity and solvent accessible surface area. Multi-linear regression (MLR) analysis
has been performed with different combinations of descriptors and the quality of regression has been adjudged by the correla-
tion coefficient, cross-validation coefficient and other statistical parameters like the standard error, standard error of the estimate,
degrees of freedom, etc. The study indicates that ionization potential appears an important descriptor for sucrose derivatives,
zation potential alone and in

whereas molar refractivity appears an important descriptor for guanidine derivatives. The io;
combination with the electrophilicity index, molar refractivity and solvent accessibility surface area provide dependable
QSAR models for sucrose derivatives. Molar refractivity alone and in combination with solventaccessibility surface area, ioniza-
tion potential and heat of formation provide dependable QSAR models for guanidine derivatives. The predicted sweet-
ness values obtained by these QSAR models are close to observed sweetness.
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The tutorial rely on the data available from Singh’s paper. You can fine the publication in elearning

website
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The gnumeric program will be used.
The program can be searched in the net as it is freely available.
Anyway it is also available from elarning.
Download it and install by double click on the file.



Gnumeric

IR Download

=10l x|

o
0\ )v| 4 - rigno ~ Download ~ - ml Cerca Download
File Modifica Visuglizza Strumenti  ?
Organizza Apri Condividicon +  Nuova cartella §== - E;l @
- . ) :
St Preferit Mome | Ultima modifica | Tipo
Pl Desktop | Q5ARToolbox3.3.51ul2015 7/22/2015 10:28 AM  Cartella d
4 Download i a-pdf-mg.exe 9/15/2015 2:47PM  Applicazic
=il Risorse recenti ﬁ FileFormatConverters.exe &5/15/2015 11:18 AM  Applicazic
. Lavoro_Univ
. Universita
12/9/2015 8:15 AM Applicazic
) Laureandi
AR 11232015 2:50 PM Applicazic
1 P B
oo ﬁl pdfe = Please select a language for the installer. 5/15/2015 1:24PM Pacchettc
| MigiDocumenti 5 picpi 12/9/20158:25AM  Applicazic
&7 Google Drive = wird |Ttaliano =l 2/23/2015 10:10 AM  Documen
= wird 2/23/2015 10:47 AM  Documen’
§ oK Cancel |
= Raccolte = wird 2/23/2015 1:07 AM  Documen'
| Documenti T wirth, 2.pdf 2/23/2015 10:26 AM  Documen'
k= Immagini
J‘. Musica
Video
= =l I 2l
« GnumericPortable_1.12.17.paf.exe Ultma modifica: 12/2/2015 7:28 AM Data creazione: 12/2/2015 7:29 AM
Applicazione Dimensione: 20.9 MB

QSAR Pagina 4

Answer to the question during the installation as shown in the slides
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Look for the folder where gnumeric has been installed and open up it
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From elearning download the file Rajesh.Student.gnumeric and open it with gnumeric
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The opened file should appear as in the slide.
There is a dependent variable (RS = relative sweetness) and 8 descriptors



Molar refractivity is calculated by the Lorenz-Lorentz formula’
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Parr et al. introduced the -e]ectrophilicity index (@) in terms of
the chemical potential and hardness.” The operational defini-
tion of the electrophilicity index may be written as,

o=w2n. W in the table

The total energy (TE) of a molecular system is the sum of the
total electronic energy (Eee) and the energy of internuclear
repulsion (Enr).”

TE = Eee + Enr.

The solvent accessibility surface area (SASA)is the surface area

of a biomolecule that is accessible to a solvent and is usually
quoted in square angstroms. Lee and Richards first described the
solvent accessible surface area (SASA) of a molecular surface.”

Descriptors

The heat of formation is defined as:

AHi = Edect + Enue — Eisol + Eatom ,
DH in the table

According to the Koopman's theorem, the ionization potential
is simply the eigenvalue of the highest occupied molecular
orbital (HOMO) with change of sign and the electron affinity is
the eigenvalue of the lowest unoccupied molecular orbital
(LUMO) with change of sign.”

EA and IP in the table

The steric energy of a molecule is the sum of the molecular
mechanics potential energies calculated for the bonds, bond
angles, dihedral angles, nonbonded atoms and so forth. It is
specific to mechanics and depends upon the force-field used.”

SE in the table
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Here are described the 8 used descriptors




Check dependent variable (RS)
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Initial Table [Sheet2 [sheets | Copy the selection Sum=25869,0401937203

The first thing to do is to check the linear distribution of the dependent variable RS.
So copy the column of data belonging to RS it in the memory.



Check dependent variable (RS)
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.... and paste it the into a new sheet



Check dependent variable (RS)
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Check dependent variable (RS)
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To check for linearity, just insert a column type chart



Check dependent variable (RS)
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As you can see, the preview is showing the plot




Check dependent variable (RS)
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Then click in the area of the sheet grid and the plot will appear.
Clearly there is no linear distribution of the dependent variable



Check dependent variable (RS)
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Let’s transform it in the logarithm scale as shown in the slide




Check dependent variable (RS)

[ *Rajesh.Teacher.gnumeric - Gnumeric o [=] =
Ele Edit View Insert Format Iools Statistcs Data Help

DEE @& e D09~ @ - [@ 2 ™ 4l imows ~
Sans - [0~ (& |EEEmazeE|@ iz - . 3| - -
13 w B & - =
A | e | c | o | e | F | & | H NN )| x| v |
RS =
2 1.9999 0.301
[ 3 JEEEN
4 4.9992
5 4.9992
6 19.9986
7 10,9986 B000.0000
8 | 24.9977 7000.0000 |
9 29.9985 60000000 -
10 | 39.9945 5000.0000
il 49.9919 4000.0000
12 75.9976
13 | 1000000 5000.0000
14 119.9776 2000.0000 4
15 119.9776 1000.0000 o
16 | 149.9685 00000 g ‘mnlnﬂﬂﬂ‘” ‘
17 | 159.9926 s 10 " Tud T2l Tod
18 199.9862
19 | 219.9883
20 | 299.9853
21 | 3749730
22 | 399.9447
23 | 649.9800
24 | 799.8343
25 | 799.8343
26 |1000.0000
27 |2199.8851
28 |2999.8532
29 |7498.9421
30 |7498.9421
31
oo
Initial Table _ Sheet? | sheet3 ‘ Sum=0 4

Pagina




Check dependent variable (RS)
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15 119.9776 10000000 - “

16 | 149.9685 00000 aopnnlll]

17 | 159.9926 2 TE Tl T Tas Tad Tad T

18 199.9862

19 | 2199885

20 | 299.9853

21 | 374.9730

22 | 3999447

23 649.9800

24 | 799.8343

25 | 7998343

26 | 1000.0000

27 |2199.8851

28 |2999.83532

29 74989421

30 |7498.9421

31 5

LT _>I_I
IntalTable_heet2 |heets | Drag to autofl Sum=0.301 [ )
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Then apply the formula for the cell «I12» to the other cells
just grabbing the small square in the cell right bottom corner



QSAR

Check dependent variable (RS)

® *Rajesh.Teacher.gnumeric - Gnumeric =10 x|
Fie Edt Wiew Insert Fomat Tools Statistcs Data Help

i

DBEE8@&leOl6 - @ - |@F m 5 3| o -

s c[w v @M@l HE00®EcsE @8 - %S| - ~
12 @ B € - = [0
[~ | 8 | ¢ [ o | E | F [ & ] H T S

1 RS B
B 199%
| 3 ErE
B o2
B 4092
B 109936
19.0986 B000.0000
“ 249977 7000.0000 o
B 299585 50000000 -
m 39.9945 5000.0000 o
499919 4000.0000 o
[ = Bt 300070000
EEM 100.0000 0000
m 1199776 20000000
B 119977 10000000 -
B 149 9683 0.0000 | Ammamn ]

SR Al 159 9926 2 T Tid Tad Tad T2l TRLT
EEM 195 9862
ETM 2159885
BET 2959853
3749730
BEEN 399 9447
BEEM 645 9300

1| _>I_I

Initial Table _ Sheet2 | Sheets ‘ Sum=61.9827 ‘ 4

And all the data will be transformed
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QSAR

Make the plot as shown before and now the linearity is present.

Check dependent variable (RS)

™ *Rajesh.Teacher.gnumeric - Grumeric (Ol x|
fle Edt View Insert Fomat Tools Statistics Data Help

I

IBbEd &l Ol% - ¢ - @2 ™5 5| lafo -

Sans P -AEB| B EBe=|®s S| EE| e - M

2 @ & < - = [-ood
ol e e | om | on [ o | P | @ | R | s | T | u
Z =l
2 0.301
3 0.602
4 0.6989
5 0.6989 o
6 1.301 4
7 1.301
8 1.3979 3
9 14771
10 1.602
1 1.6989 1
12 1.8808
13 2 1
14 2.0791
15 2.0791 0 HH.“”. e
16 2.176 2 s '1d ' 1§ T2 T2 T
17 | 22041 @
18 2.301
19 2.3424
20 24771
21 2.574
22 2.602
23 2.8129
24 2.903
25 2,903
26 3 _
27 3.3424
28 34771
29 3.875
30 3.875
31 B
g b
Initial Table _ sheetz | sheets ‘ Sum=61.9827 ‘ 7
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% Rajesh.Teacher.gnumeric - Gnumeric

Fle Edit View Insert Format Tools Statisics Data Help

ODBEEIE&a8 &«oole - - | @8 m i i o -

fe - -@WEBEHO00es=98 - %a|EE] ]
7 w|& & - =]

| B M o | E| F | & | H 0]
RS EA [P | W MR SASA TE DH SE
1.9999 0.557 /5. 71.825 135.699 —1682.344 -440.496 117.801
3.9994 0.502 5. . 77.927 152.919 —2451.019 -363.996 114.573
4.9992 0421 5. 749 71.825 137.370 —1682.335 —441.138 121.853
4.9992 0.688 5. A 74.876 140.247 —2066.684 —400.947 116.732
19.9986 0.508 5. . 71.825 135.589 —1682.336 —438.212 122617
19.9986 —0.1755.614 1. 71.825 133.584 —1682.342 —438.670 126.687
249977 0.329 |5. 734 77.927 152.595 —2451.015 |-359.039 114.619
299985 0.736 |5.888 2.129 74876 142.065 —2066.680 —401.520 114.594
399945 —0321/5.9761.269 63.698 131214 —1370.073 —479.375 111.941
499919 0337 5728 1.706 74.876 139.270 —2066.688 —402.632 117.804
75.9976 0417 5886 1.816 74876 139.818 —2066.690 —399.686 118.920
100.0000 0.865 |5.8912.270 77.927 146.285 —2451.029 —-362.811 108.918
119.9776 1559 5790 1.926 74876 140.650 —2066.681 —402.218 113.527
119.9776 4 5.852/2.997 102.919 183.213 —21831.257|-269.022 101.888
1499685 453 6.018 1881 76.830 145.349 —2375.806 —323.533 91919
159.9926 5 5.8332.177 77.927 145483 —2451.031 |-365.015 107.813
199.9862 1597 59892011 80978 157.941 —2835.362 —324.988 110.836
219.9885 5 5.9112.135 77.927 147.355 —2451.027 -365.530 105.431
299.9853 . 5.923/1.798 82.678 152.621 —2490.338 |-358.418 107.722
374.9730 . 6.0092.817 80.911 148.479 —4564.716 —353.596 108.281
399.9447 . 5.924/1.802 76.383 146.250 —2375.798 |-323.364 107.853
649.9800 494 16.020/1.919 77.927 145.051 —2451.034 —363.678 109.790
799.8343 . 5.9732.580 83.894 149.738 —6678.402 —341.980 108.112
799.8343 5.920/2.751 86.878 156.431 —8792.080 —331.894 106.298
1000.0000 6.115/1.989 76.235 143952 —2475.061 —364.739 99.798
21998851 6.1052.370 80.978 151349 —2835.376 —326.350 99.799
2999 8532 6.0313.441 83962 155358 —4949.061 —315.982 98.052
74989421 6.054/3.473 89300 162623 —9295451 -296.468 97.150
74989421 5.974/3.308 92912 166.505 —11290.109 —284.652 95312

G 08 g Oy n e e b e |

Initial T/

Renane Pagina 23

Resize...
Select
Select (sorted)

Duplicate the sheet by right clicking on the sheet name.




QSAR

Check dependent variable (RS)

B *Rajesh.Teacher.gnumeric - Gnumeric (Ol x|

File Edit View Insert Format Tools Statistics Data Help
NEE &aaleabid|s & | @ Mm% 5| ko -
[ocitinronn <12 = [ [a] 2] [ ([0 B o=@ % - % 3|

AL » & - =]
B B

clofe| F 6 W [ v [ ) | x | L | ™
[pependent variable Physicochemical Descriptors =
RS 7 MR | SASA TE DH SE
3 2 1.9999 71.825 135699 —1682.344 —440.496 117.801
4 3 3.9994 77927 152919 -2451.019 —363.996/114.573
5 4 4.9992 71.825 137.370 —1682335 1.138/121.853
6 5 4.9992 74.876 —2066.684 0.947 116.732
7 6 19.9986 71.825 589 —1682.336 8.212/122.617
8 7 19.9986 71.825 584 —1682.342 —438.670 126.687
8 249977 77.927 5 —2451.015 114619
9 29.9985 74876 5 —2066.680 520/114.394
10 39.9945 63.698 4 —1370.073 —479.375111.941
11 49.9919 74.876 —2066.688 —402.632 117.804
12 75.9976 74876 —2066.690 —399.686 118920
13 100.0000 77927 5 —2451.029 —362.811 108918
14 119.9776 74876 —2066.681 —402.218 113.527
15 119.9776 2997 102.919 183213 -21831.257 -269.022 101.888
16 149 9685 1.881 76.830 145349 —2375.806 —323.533 91919
17 159.9926 312.177 77.927 145 45 5/107.813
18 199.9862 92011 80978 110.836
19 219.9885 12135 77927 5 105.431
20 299.9853 31.798 82678 152621 -2490.338 107.722
21 374.9730 92817 80911 148479 -4564716 108281
22 399.9447 4 1.802 76.383 146.250 —2375.798 107.853
24 649.9800 0 1.919 77.927 145051 —2451.034 —363.678 109.790
25 799.8343 3/2.580 83.894 149738 —6678.402 —341.980 108.112
26 799.8343 0/2.751 86.878 156431 —8792.080 —331.894 106.298
27 1000.0000 1.989) 76.235 143.952 —2475.061 —364.739 99.798
28 21998851 2370 80.978 151349 —2835.376 —326.350 99.799
29 2999 8532 3.441 83.962 155358 —4949.061 —315.982| 98.052
30 7498.9421 43473 89.309 162.623 —9295.451 —296.468 97.150
31 74989421 43308 92912 166.505 —11290.109 —284 652 95312
K| _>I_I
Initial Table_ New Tablf | sheet2 | sheets ‘ Sum=0 ‘ 4

Rename the sheet into «New Table»

Pagina 24




Check dependent variable (RS)

=8|

2 *Rajesh.Teacher.gnumeric - Gnumeric

Ble Edt Vew Insert Format Tools Stafiscs Data Help

DEEIA8leaDD| %~ @ - [@ 5 m 3 5| #nfoe -
sars - REAEBHEBo=|® s - %al|EE| e - -
12 @ F @ v = [-02

[t [ m [ v [ o] » | @ [ R[] s [ T ]wu

Insert 29 Cells.
& Delete 29 Cells... £

@ Add Comment o

7' Format 23 Cels 20 Te Tid Tid Tid Tad Tad

Cell 4
Column

Initial Table |New Table _sheet2 | sheeta ‘ Sun=61,3827

QSAR Pagina 25

Highlight the transformed RS variable and copy into the memory with the right click




Check dependent variable (RS)

P2 Rajesh.Teacher.gnumeric - Gumeric I [ 3

fle Edt Vew Insert Fomat Tools Statistics Data Help

DBEBE E&8 w09 - @& - @ ™5 5| infow -

[imestienroman -E-@|Dﬁgmagg|@% . oa | E < o
B3 @ B & - =i
Al c|[oJE[ F 6] ® [ 1+ | 3] &k [ t ]| m
1 Dependent Variable Physicochemical Descriptors =
EA P W MR | SASA TE DH SE

0.557 5592 1878 71825 135699 —1682344 —440496 117 801
619 1.830 77.927 152919 —2451.019 363996 114573
96 1.749 71825 137370 —1682335 —441138 121 853
86 2.009 74876 140247 —2066 684 —400947 116.732
71.825 |135.589 —1682.336 —438 212122 617
71.825 |133.584 —1682.342 —438.670 126.687
77.927 |152.595 —2451.015 |—359.039 114 619
74.876 |142.065 —2066.680 —401.520 114.594
63.698 131214 —1370.073 —479.375 111 941
74.876 |139.270 —2066.688 —402.632 117.804
74.876 |139.818 —2066.690 —399 686 118920
77.927 |146.285 —2451.029 —362.811 108918
74.876 |140.650 —2066.681 —402.218 113527
102.919/183.213 —21831.257 —269.022/101.888
76.830 |145.349 —2375 806 —323.533 91919
77.927 |145.483 —2451.031 |-365.015/107.813
92011 80978 |157.941 —2835.362 |—324.988/110.836
12,135 77.927 147355 —2451.027 —365.530 105431

23/1.798 82678 |152.621 —2490.338 |-358.418/107.722
6.009 2817 80911 148479 —4564 716 —353 596 108 281
5924 1.802 76383 146250 —2375.798 323364 107.853
6.020 1919 77.927 145051 —2451.034 —363.678 109.790
5.973 2.580 §3.894 149.738 —6678.402 —341.980 108.112
59202751 86878 156431 —8792.080 —331.894 106298
6.1151.989 76.235 143.952 —2475.061 —364.739 99.798
6.105 2.370 80.978 151349 —2835376 —326350 99.799
6.0313.441 83.962 358 —4949.061 —315.982 98.052
6.054 3473 89309 162623 —9295 451 —296 468 97.150
5.974 3.308 92.912 166.505 —11290.109 —284.652 95.312

Insert 28 Cels...
& Delete 20 Cels...
“ Clear Contents

Add Comment

‘Add Hyperlink

|/ Format 29 Cells
cel
Column

Row

i
Initial Table_New Table |sheet2 |sheets ‘ Sum=25869,0402

o
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Then paste it to the «New Table» sheet. Use the «paste special» option




Check dependent variable (RS)

SI=IEY

Fle Edit View Insert Format Tools Statisties Data Help

DBEIS&| & 00| %~@& - |@5 i b e

[rmestenromen . -2 - ®E B | i mossE|9 s - BB - ~

83 D B & v = |1.9999

. (AR < (o e F | 6 | A | 0 )| k | L | m

1 | Dependent variable Physicochemical Descriptors 5|
20+ RS EA P | W MR  SASA TE DH | SE

MEENMN [ 195995  ]0.557 55921878 71.825 135699 —1682.344 —440.496 117.801
4 |3 39994 502 5 77.927 152,919 —2451.019 —363.996/114.573
500 4 49992 5 71825 |137.370 —1682.335 —441138/121.853
6 |5 49992 5 74,876 |140.247 —2066.684 —400.947 116.732
7 |6 19.9986 5 71.825 135.589 —1682.336 —438212 122617
8 |7 19.9986 71825 —1682342 -438 670 126 687
s |3 249977 77.927 —2451.015 -359.039 114.619
0 |9 299985 74876 —2066 680 -401520 114.594
11 10 39,9945 5 941
12 1 490910 ; | oo
13 12 759976 04 Pastetype Cell operation Region operation 920
14 13 100.0000 0g Coa @ None & None 918
15 |14 119.9776 05 comtent  agd % 527
16 |13 119.9776 L[ty B oo T 888
17|16 149 9683 04 jﬁg B € FipHorzonaly | [919
18 |17 159.9926 07 € fomd € wutly 813
19 |18 1999862 05 € Comments € Dide © Fip verscaly 836
20 |19 219.9883 07 431
21|20 2999853 0.3 [~ SkipBlanks [ Do ot drenge formulee 722
22 |11 3749730 12 281
23 |22 3999447 03 Help | Paste Link Cancel oK 853
2 |y 649.9800 04 790
25 |23 7998343 1110 5975 2580 55 59F T99 755 —067530Z —39T9507T08.112
26 |26 799 8343 1230 59202751 86878 156431 —8792.080 —331.894 106.298
27|17 1000.0000 0543 61151989 76235 143952 —2475.061 -364.739 99.798
28 |28 2199.8851 0912 61052370 80978 151349 —2835376 -326.350 99.799
29 |29 2999 8532 1694 60313441 83962 155358 —4949 061 —315.982 98.052

7498 9421 1713 6.034 3473 §9.300 162623 —9205451 —206.468 97.150
7498 0421 1618 5974 3308 92012 166505 —11290.109 —284.652 95312

9w
&
a 4

Initial Table New Table |Sheet? | Sheet3 | Sum=1.9999 ‘
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... and select «as value»
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Check dependent variable (RS)

% *Rajesh.Teacher.gnumeric - Gnumeric

File Edit View Insert Format Tools

Statistics Data  Help

=10l x|

DEE &&8lezOdls

v @ v | @ T by oo -

Sare ol mWEedfiecs=9s - %3(EE]0 - o
G33 w K ¢ - -|
Al B [ c o[ e F W v | o+ | 3 | kK | L | ™
1 Dependent Variable Physicochemical Descriptors =]
2 # RS EA iy W MR  SASA TE DH SE
3 2 03010 0.557 |5.592 1.878 71.825 135.699 —1682.344 —440.496 117.801
4 3 0.6020 0.302 |5.619 1.830 77.927 152919 —2451.019 |—363.996 114.573
El 4 0.6989 0421 5,596 1.749 71.825 137.370 —1682.335 |—441.138 121.853
6 5 0.6989 0.688 |5.586 2.009 74.876 140.247 —2066.684 —400.947 116.732
7 6 13010 f‘} 0.508 |5.723 1.861 71.825 135589 —1682.336 —438.212 122,617
7 13010 —0.175/5.614 1.277 71.825 133.584 —1682.342 —438.670 126 687
8 8 13979 0.329 |5.871 1.734 77.927 152595 —2451.015 —359.039 114.619
10 9 14771 0.736 |5.888 2.129 74876 142065 —2066.680 —401.520 114.594
11 |10 1.6020 —0.321/5.976 1.269 63.698 131.214 —1370.073 —479.375 111.941
12 |11 1.6989 0.337 |5.728 1.706 74.876 139.270 —2066.688 —402.632 117.804
13 |12 1.8808 0417 |5.886 1.816 74.876 139.818 —2066.690 —399.686 118.920
14 |13 2.0000 0.865 |5.891 2.270 77.927 146.285 —2451.029 —362.811 108918
15 |14 2.0791 0.559 |5.790 1.926 74.876 140650 —2066.681 —402.218 113.527
16 |15 20791 1.430 5.8522.997 102.919 183.213/-21831.257 —269.022 101 888
17 |16 2.1760 0.453 6.018 1.881 76.830 145349 —2375.806 —323.533 91.919
18 |17 22041 0.792 |5.833 2.177 77.927 145483 —2451.031 |-365.015/107.813
19 |18 23010 0.597 |5.989 2.011 80.978 157.941 —2835.362 988 110.836
20 |19 23424 0.737 |5.911 2.135 77.927 147.355 —2451.027 530 105431
21|20 24771 0.387 |5.923 1.798 82678 152621 —2490.338 —358.418 107.722
22 |21 25740 1.286 6.009 2.817 80.911 148479 —4564.716 —353.596 108281
22 |22 2.6020 0.391 5.924 1.802 76.383 146.250 —2375.798 364 107.853
24 |24 2.8129 0494 6.020 1.919 77.927 145,051 —2451.034 —363.678 109.790
25 |25 2.9030 1.110 5.973 2.580 83.894 149.738 —6678.402 —341.980 108.112
26|26 2.9030 1.250 5.920 2.751 86.878 156431 —8792.080 —331.894 106.298
27 |27 3.0000 0.543 |6.115 1.989 76.235 143.952 —2475.061 —364.739 99.798
28 |28 33424 0.912 /6.105 2.370 80.978 151.349 —2835.376 —326.350 99.799
29 |29 34771 1.694 6.031 3.441 83.962 155358 —4949.061 —315.982 98.052
30 |30 3.8750 1.713 6.054 3.473 §9.309 162.623 —9295451 —296.468 97.150
31 |31 3.8750 1.618 5.974 3.308 92.912 166.505 -11290.109 —284.652 95.312
—

(51
Initizl Table_ New Table | sheet2 | sheet3 ‘

Now you have the dependent variable fixed

Pagina 28



Independent variables analysis

Notice that the 8 molecular descriptors have very different
magnitudes. To guarantee the comparability of the MLR
coefficients (see previous lesson on QSAR), proceed to the
normalization of all the descriptors (for instance for the

interval [0; 1] ).

The first step is to calculate the MAX and MIN values of each
descriptor with the functions “=MAX(range)” and

“=MIN(range)” as described in the following slides

QSAR Pagina 29

Once we have checked the dependent variable (RS)
we need to analyse the independent variables (descriptors).



Independent variables analysis
SET

Ele Edit View Insert Format Tools Statistics Data Help

DEE && e 0Ol% -4 - [@E w3 L aoe -

Sars o~ @RAR|E L ®E e = 8 - %S - -
c33 @ ¥ ¢ v = [-maxcucit
Al p|lel F ] 6 | H | v |y ] k| L | m
1 Dependent Variable Physicochemical Descriptors =
2 # RS EA P W MR SASA TE DH SE
3 2 0.3010 5.592/1.878 71.825 135.699 —1682.344 —440.496 117.801
4 3 0.6020 5 5.619/1.830 77.927 152919 —2451.019 —363.996 114.573
5 4 0.6989 42 596/1.749 71.825 137.370| —1682.335 —441.138 121.833
L 5 0.6989 .68 586 2.009 74.876 140.247 —2066.684 —400.947 116.732
7 6 13010 508 :5.723/1.861 71.825 135589 —1682.336 —438212 122617
8 7 13010 1755614 1.277 71.825 133584 —1682.342 —438.670 126.687
2 8 13979 32 871/1.734 77.927 152.595 —2451.015 -359.039 114619
0 |9 14771 .73 888 2.129 74.876 142.065 —2066.680 —401.520 114.594
1.6020 32115.976/1.269 63.698 131.214 —1370.073 —479.375 111.941
1.6989 33 74.876 139.270 —2066.688 —402.632 117.804
1.8808 .41 74.876 139.818 —2066.690 —399.686 118.920
2.0000 86 77.927 146285 —362.811 108.918
55 74.876 140.650 -402.218 113.527
43 102,919 183.213 711831 257 —269.022 101 888
.45, 76.830 145349 —2375.806 —323.533 91.919
79 77927 145483 —2451.031 -365.015 107.813
59 80.978 157.941 4988 110 836
.73 5 77.927 147.355
3: 82.678 152.621 490,3}8 —35 8418 107 722
286 6009 7817 80911 148 79 —4564.716 —353.396 108.281
.39 76.383 14 375.798 —323.364 107.853
49416 0"0 1 919 77.927 145 0‘1 —2451.034 —363.678 109.790
1 83.804 149.738| —6678 402 —341.980 108.112
2; 86.878 156.431 —8792.080 —331.894 106.298
76.235 143.952 —2475.061 —364.739 99.798
80.978 151.349 835376 —326.350 99.79%
83.962 155358/ —4949.061 -315.982 98.052
89.309 162.623 —9295.451 —296.468 97.150
92912 166.505 —11290.109 —284.652 95.312
:max(c_s:cnlj[
Initial Table_Mew Table |Sheet2 |sheets ‘ Sum=0

First we calculate the maximum and the minimum values for each colum
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Independent variables analysis

% *Rajesh.Teacher.gnumeric - Gnumeric -8l x|

Ele Edit Vew Insert Format Tools Statistcs Data Help

DBEBE 88604 - &~ @ = w3 5| befo

sans v [w - [a EEEILE I -
c34 @ B 49 » = [-mnc3cat
Al B | bl E|] F | &6 | w | 1 | J | kK | L | ™

1 Dependent Variable Physicochemical Descriptors =l
2 # P W MR | SASA TE DH SE
3 2 0.3010 592 1.878 71.825 135.699 —1682.344 —440.496 117.801
g 3 0.6020 5.619 1.830 77.927 152919 —2451.019 —363.996 114.573
5 4 0.6989 5596 1.749 71.825 137.370 —1682.335 —441.138 121 853
6 5 0.6989 74.876 |140.247 -2066.684 —400.947 116.732
7 6 13010 71.825 135589 —-1682.336 —438.212 122,617
& 7 13010 71.825 |133.584 —1682.342 —438.670 126.687
9 8 13979 77.927 |152.595 —2451.015 —359.039 114.619
10 9 14771 74.876 142.065 —-2066.680 —401.520 114.594
i1 /10 1.6020 63.698 |131.214 —1370.073 —479.375 111.941
12 1 1.6989 74.876 139270 -2066.688 —402.632 117.804
13 12 1.8808 74.876 |139.818 —2066.690 —399.686 118.920
14 113 2.0000 5 77.927 |146.285 —2451.029 —362.811 108.918
15 |14 2.0791 5.790 1.926 74.876 140.650 —-2066.681 —402.218 113.527
16 |15 2.0791 5.8522.997 102.919 183.213 —21831.257 —269.022 101.888
17 116 2.1760 53 16.018 1.881 76.830 |145349 -2375.806 —323.533 91.919
8 |17 2.2041 10.792 |5.833 2.177 77.927 |145.483 -2451.031 —365.015 107.813
16 |18 23010 10.597 159892011 80978 |157.941 —2835.362 —324.988 110.836
20 |19 23424 1 0.73715.911 2.135 77.927 147.355 -2451.027 |—365.530 105.431
21 120 24771 +0.387 15,923 1.798 82.678 152.621 -2490.338 —358.418 107.722
22 121 25740 E 1286 56 009 2.817 80911 148479 —4564.716 —353.596 108281
23 |22 2.6020 10391 15,924 1.802 76.383 | 146.250 —2375.798 |—323.364 107.853
24 |24 2.8129 10494 16.020 1.919 77.927 |145.051 —2451.034 —363.678 109.790
25 |25 2.9030 11,110 15,973 2.580 83.894 |149.738 —6678.402 —341.980 108.112
26 |26 2.9030 ! 15.920 2.751 86.878 156.431 —8792.080 —331.894 106.298
27 |27 3.0000 I 16.1151.989 76235 143.952 —2475.061 |—364.739 99.798
28 |28 3.3424 +0.91216.105 2.370 80.978 |151.349  —2835.376 —326.350 99.799
26 129 34771 H 416.031 3.441 83.962 155.358 —4949.061 —315.982 98.052
30 [30 3.8750 E 316.054 3.473 89309 162.623 -9295451 —296 468 97.150
3131 3.8750 ' 92.912 |166.505 —11290.109 —284.652 95.312
22
33 max

[ 3+ | min
a5
36
> ‘LI

Initisl Table  New Table |sheet2 |sheets | Sum=0 Y

The method is similar to that already shown.
Just do the same as displayed in the slide.

Pagina 31




[ *Rajesh.Teacher.gnum Gnumeric 1ol x|
Flle Edit View Insert Format Tools Statistcs Dats  Help
DEES&| 8% U0 6 - @& - |@F ™yl s -
Sore o - maEldlEs =98 - %a| - S
c33 D B & v = |=max(C3‘C31)
Al B I o | E| F | 6 | W | v | 1 | x | L | ™
1 Dependent Variable Physicochemical Descriptors =
2 # RS EA P W MR  SASA TE DH SE
3 2 0.3010 0.557 5592 1.878 71.825 135699 —1682.344 —440.496 117.801
4 3 0.6020 0.502 5619 1.830 77.927 152919 —2451.019 —363.996 114.573
3 4 0.6989 0.421 5.596 1.749 71.825 137.370 —1682.335 |—441.138 121.853
6 5 0.6989 0.688 5586 2.009 74.876 140.247 —2066.684 —400.947 116.732
7 6 13010 0.508 5723 1.861 71.825 135589 -1682336 —438.212 122617
8 7 13010 —0.175 5614 1277 71.825 133.584 —1682.342 |—438.670 126 687
£l 8 1.3979 0.329 5.871 1.734 77.927 152.595 —2451.015 |-359.039 114.619
10 |9 14771 0.736 5.8882.129 74876 142.065 —2066.680 —401.520 114.594
1 |10 1.6020 —0.321 5976 1.269 63.698 131214 -1370.073 —479.375 111.941
12 1 1.6989 0337 5728 1.706 74.876 139270 —2066.688 —402.632 117.804
13 |12 1.8808 0.417 5.886 1.816 74.876 139.818 —2066.690 —399.686 118.920
14 |13 2.0000 0.865 5.8912.270 77.927 146.285 —2451.029 —362.811 108918
15 |14 20791 0.559 5790 1.926 74.876 140630 —2066.681 —402.218 113.527
16 |15 20791 1430 5.852 2997 102.919 183.213 —21831.257|—269.022 101.888
17 |16 2.1760 0.453 6.018 1.881 76.830 145.349 -2375.806 |—323.533 91.919
18 |17 22041 0.792 5.8332.177 77.927 145483 -2451.031 —365.015 107.813
18 |18 23010 0.597 59892011 80978 157.941 —2835362 —324 988 110.836
20 |19 23424 0.737 5911 2.135 77.927 147.3355| —2451.027 —365.530 105.431
21 |20 24771 0.387 5923 1.798 82678 152621 —2490.338 —358 418 107.722
22 |21 25740 1286 6.009 2.817 80.911 148479 —4564.716 —353.596 108.281
23 |22 2.6020 0391 5924 1.802 76.383 146250 —2375.798 —323.364 107.853
24 |24 238129 0494 6020 1.919 77.927 1450351 -2451.034 —363.678 109.790
25 |25 29030 1.110 5973 2.580 83.894 149.738 —6678.402 —341.980 108.112
26 |26 2.9030 1250 5.9202.751 86.878 156.431 —8792.080 —331.894 106.298
27 |27 3.0000 0.543 6.115 1.989 76.235 143952 —2475.061 —364.739 99.798
28 |28 3.3424 0912 6.1052.370 80.978 151.349| —2835.376 —326.350 99.799
28 |29 34771 1.694 6.0313.441 83.962 155358 —4949.061 —315.982 98.052
30|30 3.8750 1.713 6.054 3.473 89309 162.623 —9295.451 —296.468 97.150
31 |31 3.8750 1618 5974 3308 92912 166.505 —11290.109 —284.652 95312
32
EEEN max
EED min
35
36
=
Initisl Table New Table |Sheet2 |sheets | Sum=1,392 )
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[ *Rajesh.Teacher.gnum Gnumeric 1ol x|
Flle Edit View Insert Format Tools Statistcs Dats  Help
DEESE8 % U0 ¢ @ -|@F ™y e -
Sore o - maEldlEs =98 - %a| - S
c33 D B & v = |=max(C3‘C31)
Al B I o | E| F | 6 | W | v | 1 | x | L | ™
1 Dependent Variable Physicochemical Descriptors =
2 # RS EA P W MR  SASA TE DH SE
3 2 0.3010 0.557 5592 1.878 71.825 135699 —1682.344 —440.496 117.801
4 3 0.6020 0.502 5619 1.830 77.927 152919 —2451.019 —363.996 114.573
3 4 0.6989 0.421 5.596 1.749 71.825 137.370 —1682.335 |—441.138 121.853
6 5 0.6989 0.688 5586 2.009 74.876 140.247 —2066.684 —400.947 116.732
7 6 13010 0.508 5723 1.861 71.825 135589 -1682336 —438.212 122617
8 7 13010 —0.175 5614 1277 71.825 133.584 —1682.342 |—438.670 126 687
£l 8 1.3979 0.329 5.871 1.734 77.927 152.595 —2451.015 |-359.039 114.619
10 |9 14771 0.736 5.8882.129 74876 142.065 —2066.680 —401.520 114.594
1 |10 1.6020 —0.321 5976 1.269 63.698 131214 -1370.073 —479.375 111.941
12 1 1.6989 0337 5728 1.706 74.876 139270 —2066.688 —402.632 117.804
13 |12 1.8808 0.417 5.886 1.816 74.876 139.818 —2066.690 —399.686 118.920
14 |13 2.0000 0.865 5.8912.270 77.927 146.285 —2451.029 —362.811 108918
15 |14 20791 0.559 5790 1.926 74.876 140630 —2066.681 —402.218 113.527
16 |15 20791 1430 5.852 2997 102.919 183.213 —21831.257|—269.022 101.888
17 |16 2.1760 0.453 6.018 1.881 76.830 145.349 -2375.806 |—323.533 91.919
18 |17 22041 0.792 5.8332.177 77.927 145483 -2451.031 —365.015 107.813
18 |18 23010 0.597 59892011 80978 157.941 —2835362 —324 988 110.836
20 |19 23424 0.737 5911 2.135 77.927 147.3355| —2451.027 —365.530 105.431
21 |20 24771 0.387 5923 1.798 82678 152621 —2490.338 —358 418 107.722
22 |21 25740 1286 6.009 2.817 80.911 148479 —4564.716 —353.596 108.281
23 |22 2.6020 0391 5924 1.802 76.383 146250 —2375.798 —323.364 107.853
24 |24 238129 0494 6020 1.919 77.927 1450351 -2451.034 —363.678 109.790
25 |25 29030 1.110 5973 2.580 83.894 149.738 —6678.402 —341.980 108.112
26 |26 2.9030 1250 5.9202.751 86.878 156.431 —8792.080 —331.894 106.298
27 |27 3.0000 0.543 6.115 1.989 76.235 143952 —2475.061 —364.739 99.798
28 |28 3.3424 0912 6.1052.370 80.978 151.349| —2835.376 —326.350 99.799
28 |29 34771 1.694 6.0313.441 83.962 155358 —4949.061 —315.982 98.052
30|30 3.8750 1.713 6.054 3.473 89309 162.623 —9295.451 —296.468 97.150
31 |31 3.8750 1618 5974 3308 92912 166.505 —11290.109 —284.652 95312
32
i max(J13:131]
E-m :;: m\n(g}:lil))l <h
35
36
Ex \il
Initisl Table New Table |Sheet2 |sheets | Drag to autofil | Sum=1,392 4
Pagina 33




Independent variables analysis

Gnumeric (=53]

Fle Edit View Insert Format Tools Statistics Data Help

[ *Rajesh.Teacher.gnum

DEE E&&8 %004 -~ @& ~ | @ F M 4 u | tafow ~

e OO E EEE O

[ [ | S

1 Dependent Variable Physicochemical Descriptors =
2 # RS EA P W MR  SASA TE DH SE
3 2 0.3010 0.557 5592 1.878 71.825 135699 —1682.344 —440.496 117.801
4 3 0.6020 0.502 5619 1.830 77.927 152919 —2451.019 —363.996 114.573
3 4 0.6989 0.421 5.596 1.749 71.825 137.370 —1682.335 |—441.138 121.853
6 5 0.6989 0.688 5586 2.009 74.876 140.247 —2066.684 —400.947 116.732
7 6 13010 0.508 5723 1.861 71.825 135589 -1682336 —438.212 122617
8 7 13010 —0.175 5614 1277 71.825 133.584 —1682.342 |—438.670 126 687
£l 8 1.3979 0.329 5.871 1.734 77.927 152.595 —2451.015 |-359.039 114.619
10 |9 14771 0.736 5.8882.129 74876 142.065 —2066.680 —401.520 114.594
1 |10 1.6020 —0.321 5976 1.269 63.698 131214 -1370.073 —479.375 111.941
12 1 1.6989 0337 5728 1.706 74.876 139270 —2066.688 —402.632 117.804
13 |12 1.8808 0.417 5.886 1.816 74.876 139.818 —2066.690 —399.686 118.920
14 |13 2.0000 0.865 5.8912.270 77.927 146.285 —2451.029 —362.811 108918
15 |14 20791 0.559 5790 1.926 74.876 140630 —2066.681 —402.218 113.527
16 |15 20791 1430 5.852 2997 102.919 183.213 —21831.257|—269.022 101.888
17 |16 2.1760 0.453 6.018 1.881 76.830 145.349 -2375.806 |—323.533 91.919
18 |17 22041 0.792 5.8332.177 77.927 145483 -2451.031 —365.015 107.813
18 |18 23010 0.597 59892011 80978 157.941 —2835362 —324 988 110.836
20 |19 23424 0.737 5911 2.135 77.927 147.3355| —2451.027 —365.530 105.431
21 |20 24771 0.387 5923 1.798 82678 152621 —2490.338 —358 418 107.722
22 |21 25740 1286 6.009 2.817 80.911 148479 —4564.716 —353.596 108.281
23 |22 2.6020 0391 5924 1.802 76.383 146250 —2375.798 —323.364 107.853
24 |24 238129 0494 6020 1.919 77.927 1450351 -2451.034 —363.678 109.790
25 |25 29030 1.110 5973 2.580 83.894 149.738 —6678.402 —341.980 108.112
26 |26 2.9030 1250 5.9202.751 86.878 156.431 —8792.080 —331.894 106.298
27 |27 3.0000 0.543 6.115 1.989 76.235 143952 —2475.061 —364.739 99.798
28 |28 3.3424 0912 6.1052.370 80.978 151.349| —2835.376 —326.350 99.799
28 |29 34771 1.694 6.0313.441 83.962 155358 —4949.061 —315.982 98.052
30|30 3.8750 1.713 6.054 3.473 89309 162.623 —9295.451 —296.468 97.150
31 |31 3.8750 1618 5974 3308 92912 166.505 —11290.109 —284.652 95312
32

EEEN max

EED min
35
36
Ex \il

Initisl Table New Table |Sheet2 |sheets | Sum=23232.242

And all the min and max values are promptly calculated
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Independent variables analysis

[® *Rajesh.Teacher.gnumeric - Gnumeric (=53]
File Edt View Insert Format Tools Statistes Data Help

DEE E&&8 %004 -~ @& ~ | @ F M 4 u | tafow ~
Sore ~fwl- (A&l BEEB oss|(® 8 - %a|EE B - -
AL S K@ - =]

__ EEWW & | c [ o | E | F | e [ H [ v [ J [k [ L ][ m
| I

|

L]
Initial Table | New Table | Sheet2 Sha’m;i_” Sum=0 | “
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In a new sheet ....
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Independent variables analysis

% *Rajesh.Teacher.gnumeric - Gnumeric ol x|
Ele Edit View Insert Format Teols Statistics Data Help

i

NBEI&&/wo0| 4~ & - | @8 m i 5| infoe -

Sans o - RARAAIEEE®BEE = |98 - ®w | EE 8 -

AL w B &€ - =]

MMM & | c | o | e | F [ e [ H | v ] g [ k[ L | m
- | El

@
N
N 1

K|
Initial Table | New Table |Sheet2 Normelized. | sum=0 ‘

... renamed «Normalized» ...
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Independent variables analysis

numeric =10l |

Fle Edit View Insert Format Took Statistcs Data Help

[IE *Rajesh.Teacher.gnum:

ODEdEI&@&8laeD0l4~@ - | @ mi %l imfoe -

rr—— e E RS RSN RN R T - -
a2 » & @ - =
Jolel F | 6 | w [ v | 43 | k| L | ™
Physicochemical Descriptors |
P W MR  SASA TE DH SE
7 5.592 1.878 TL.825 135.699 —1682.344 —440.496 117.801
2 15619 1830 77.927 152919 —2451.019 —363.996 114.573
155961749 71825 137370 —1682.335 —441.138 121853
Paste Specel 8 5.5862.009 74876 140247 —2066.684 —400.947 116.732
pemteecal..  |B5.723 1861 71825 135589 ~1682336 —438.212 122617
Dt o et 556141277 71825 133.584 —1682342 —438.670 126687
E - 0 5871 1734 77927 152595 —2451.015 —359.039 114,619
Clear Centents 6 5.888 2129 74 876 142063 —2066.680 —401520 114.594
Py p— 159761269 63698 131214 —1370.073 —479.375 111941
&I 75728 1.706 74876 139270 -2066.688 —402.632 117804
@ add Hyperink 758861816 74876 139818 —2066.690 —399 686 118920
- 558012270 77.927 146285 -2451029 —362.811 108.918
Eormat 86 Cells 0 5790 1926 74.876 140.650 —2066.681 —402.218 113527
cel * {0 15.852 2,997 102,919 183 213 21831 257 ~269.022 101 888
Colum 3 6.018 1881 76.830 145349 —2375806 —323 533 01019
2 5.8332.177 77927 145483 —2451.031 —363.015 107.813

59892011 80978 157941
59112135 77.927 147355 30 105431
5923 1.798 82678 152621 —2490.338 418 107.722
6.009 2.817 80.911 148479 —4564.716 —353.596 108.281
5.924 1.802 76.383 146.250 —2375.798 —323.364 107.853
6.020 1.919 77.927 145.051 —2451.034 —363.678 109.790
5.973 2.580 83.894 149.738 —6678.402 —341.980 108.112
5.9202.751 86.878 156.431 —8792.080 —331.894 106.298
6.115 1.989 76.235 143.952 —2475.061 —364.739 99.798
6.1052.370 80.978 151.349 —2835.376 —326.350 99.799
6.0313.441 83,962 155358 —4949.061 —315.982 98.052
6.054 3473 89309 162623 —9295451 —296.468 97.150
5974 3308 92912 166505 —11290.109 —284 652 95312

—32

988 110.836

1618

1.713 6.1153.473 102.919 183.213 1370.073  269.022 126.687
0.321 5.586 1.269 63.698 131.214 21831.257 479.375 91.91%

= _l_I
Initial Table_New Table | sheet2 | Normalized | Sum=533.9827 ‘ “
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Copy the ID and labels from «New Table» and also the descriptors labels




QSAR

Independent variables analysis

= *Rajesh.Teacher.gnumeric - Grumeric (Ol x|
fle Edt View Insert Fomat Tools Statistics Data Help

i

UBd &8l O]9~ ¢ - |@E ;& infooe -

Sans o ~RRARIEEE®E o= |88 - 82 |EE B -

5 Paste Spedial

Insert 1Cell...
2 3 Delete 1Cell...
9 2% Clear Contents

= @ Add Comment
12 @ Add Hyperlink

14 i Format 1Cell..
15 cel

16 Column

17 Row

@
N
N 4

3
Initial Table | New Table |sheeta normaized ‘ Sum=0 ‘

... paste everything in the «Normalized» sheet
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Independent variables analysis

% *Rajesh.Teacher.gnumeric - Grumeric (O] x|
fle Edit View Insert Format Tools Statistis Data Help

i

DEE &@&8|s 006 - @ - [@ 5 m % 4| ifow -

sens v[ol- A&\ os==|®5 - %3 - -
L21 w B 4 - =

Al B JefplelF] 6 [H[I[J)] « [N ™ | N | o | P | Q

# RS EA TP W MR SASA TE DH SE =

2 0.3010

3 0.6020 d‘}‘

4 0.6989

5 0.6989

6 13010

7 13010

8 13979

9 14771

10 1.6020

11 1.6989

12 1.8808

13 2.0000

14 20791

13 20791

16 21760

17 22041

18 23010

19 2.3424

20 24771

21 25740 L1

22 26020

24 228129

25 2.9030

26 2.9030

27 3.0000

28 3.3424

29 34771

30 3.8750

31 3.8750

max
min

=l J_I

Initial Table |New Table |Sheet? Normalized ‘ sum=0 ‘ y

Make sure you have the same values for RS
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Independent variables analysis

SE
Fle Edit View Insert Format Tools Statistcs Data Help
DEEI&a&8lé&0dlé - - @5 mi i iwfowe -
Sers ~fo - [al[a BB B ®Eas=®y - 22|88 - -
c2 @ X <7 v = [-(newTable'C3'New Table''C539)/ (New Table'ICS33- New Table'1C$34)
[A] 8 mo/e[F] c [m[ 1) « | v [ m [ N [ o [ p | ¢

1 # RS EA P W MR SASA TE DH SE =
2 03010 [={'New Table'lC 3-'New Table'!C534)/('Nei Table'!C$33-'New Table'|C$34)

3 3 0.6020

4 4 0.6989

5 5 0.6989

6 6 13010

7 7 13010

L] g 1.3979

g 9 14771

10 110 1.6020

11 111 1.6989

12 12 1.8808

13 113 2.0000

14 14 20791

15 |15 20791

16 |16 2.1760

17 117 22041

18 118 23010

19 |19 23424

20 120 24771

21 21 25740

22 |22 26020

23 |24 28129

24125 29030

25 126 29030

26 |27 3.0000

27 |28 3.3424

28 |29 34771

29 |30 3.8750

30 |31 3.8750

21

32 max

33 min

24

35

36 &

=y or)
Initial Table |Hew Table |Sheet2 Mormalized ‘ Sum=0.432 ‘ Y

QSAR Pagina 40

Now apply the normalization as described in the lesson. (see also the formula in the slide).
Here the MinMax normalization is being applied:
Normalized valued = (original value — min) / (max —min)
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Independent variables analysis

Il
fle Edt View Insert Fomat Tods Statistics Data Help
DEE|2&(%0D0]% - & - | @5 ™l lafoe -
Er— e N RS TSREN:- R - -
=) @ 8 ¢ - = [-macaci)
Al EEEEEEEEENCEENeN < | - | v | N | o | p |
1 # RS EA P W MR SASA TE DH SE =
2 |2 03010 0.4320.011 0.276 0.207| 0.086/0.985 0.185 0.744
3 [3 0.60200.4050.062 0.2550.363 0.417/0.947 0.549 0.652
4 |4 06989 0.3650.019 0.218 0.207| 0.118/0.985 0.182 0.861
5 |5 0.6989 0.496 0.000 0.336 0.285 0.174/0.966 0.373 0.714
6 |6 1.30100.4080.259 0.269 0.207 0.084/0.985 0.196 0.883
7|7 13010 0.072/0.053 0.004 0.207 0.046/0.985 0.194 1.000
28 |8 13979 0.3200.539 0.211 0.362 0.411/0.947 0.572 0.653
S |9 14771 0.5200.571 0.390 0.285 0.209/0.966 0.370 0.652
10 |10 1.6020 0.000 0.737 0.000 0.000 0.000 1.000 0.000 0.576
11 (1] 1.6989 0.324/0.268 0.198 0.285 0.155/0.966 0.365 0.745
12 (12 1.8808 0.363 0.567 0.248 0.285 0.165/0.966 0.379 0.777
13 |13 2.0000 0.583/0.577 0.454 0.363 0.290/0.947 0.554 0.489
14 |14 2.0791 0.433/0.386 0.298 0.285 0.181/0.966 0.367 0.621
15 [152.0791 0.8610.503 0.784 1.000 1.000/0.000 1.000 0.287
16 |16 2.1760 0.3810.817 0.278 0.335 0.272/0.951 0.741 0.000
17 (1722041 0.547 0.467 0.412 0.362 0.274/0.947 0.544 0.457
18 |18 23010 0.4510.762 0.337 0.441 0.514/0.928 0.734 0.544
19 |19 23424 0.520 0.614 0.393 0.363 0.310/0.947 0.541 0.389
20 (2024771 0.3480.637 0.240 0.484 0.412/0.945 0.575 0.455
21 (2] 2.57400.7900.800 0.702 0.439 0.332/0.844 0.598 0.471
22 [222.6020 0.350/0.639 0.242 0.323 0.289/0.951 0.742 0.458
23 |24 2.81290.4010.820 0.295 0.363 0.266/0.947 0.550 0.514
24 |25 2.9030 0.704/0.732 0.595 0.515 0.356/0.741 0.653 0.466
25 |26 29030 0.7720.631 0.672 0.591 0.485/0.637 0.701 0.414
26 |27 3.0000 0.425 1.000 0.327 0.320 0.245/0.946 0.545 0.227
27 |28 33424 0.606 0.981 0.500 0.441 0.387/0.928 0.727 0.227
28 (2934771 0.9910.841 0.985 0.517 0.464/0.825 0.777 0.176
29 (30 3.8750 1.000)0.885 1.000 0.653 0.604/0.613 0.870 0.150
30 (3] 3.8750 0.9530.733 0.925 0.745 0.679/0.515 0.926 0.098
31
I
Initial Table |New Table |sheetz normaized ‘ 5um=8.000

And let’s obtain the normalized matrix, that can
be checked by calculating min and max.
Their values should range all between 0 and 1.

Pagina 41




QSAR

Independent variables analysis

= *Rajesh.Teacher.gnumeric - Grumeric (Ol x|
fle Edt View Insert Fomat Tools Statistics Data Help

i

UBd &8l O]9~ ¢ - |@E ;& infooe -

Sans o ~RRARIEEE®E o= |88 - 82 |EE B -

= EE R R

___WwWm e | c | o | e | F | & | W | v | J [ kK | L | m
- | El

@
N
= 4

Initial Table | ¥ check |New Table |Normalized  Intercorrelatiop |sheets | Sum=0 ‘
|

At this point we can continue analysing the data.
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B *Rajesh Teacher.gnumeric - Gnumeric (o] x|
Fle Edit View Insert Format Jools Statistes Data Help

DEWd| @&l 0|9~ @& -~ @ % 4| ifon -

sans o~ a4l a|BEHE®B o[98 - %3|EHE]E - -

132 w8 & - =]

A | e | c | o | e | F | 6 [ + NN ) | < | L [ m
1 RS EA P W MR | SASA TE  DH  SE 5|

‘

m
@
xl_l;

Iritial Table | ¥ check |New Table |Normalized  1ntercorrelation |sheets | | Sum=0 ‘

Prepare a new sheet «Intercorrelation» as in the slide
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Independent variables analysis

® *Rajesh.Teacher.gnumeric - Gnumeric =101 %]
Ele Edt View Insert Format Iools Statistes Data Help

DEE|88|l&«D0|% - @ - |@= il -

Jors " -u - [a] [a] [a] [ B] O} Ol @ =28 | @ 5 - W80 - ©

2 @ X I r =

A I [ square of the Pearson correlation coefficent of the paired set of datal] K L m
RS y

EA r W MR SASA TE DH SE =
2 RS |=rsd]_ |
EA

4 g

3 w

6 MR
7 SASA
8 TE

9 DH
10 SE

i

|

w
ol
a 1

I
Initial Table | ¥ check |New Table |Mormalized  1ntercorrelation |sheets | Sum=0 ‘
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And by the proper function calculate the squared pearson coefficients (r2)




Independent variables analysis

N L=
File Edit WView Insert Format Tools Statistics Data Help

DBEE 28«00~ @& | @ mi: %o ~
[sans vJu - (& (4] & [CI G Cl B = =@ % %w® o~
IBZ 7] % *@ * = I=rsq(NormaIized!BZ:B30,N0rmaIized!BZ:B30)

A MEEM ¢ | o | e | F 6 [ wn | 1 | |

1 RS EA P W MR SASA TE DH SE 4|
Rs [ qf

3 EA

4 P

5 W

6 MR

7 SASA

8 TE

9 DH

10 SE
11 hd

1 | »

4 ¥ check lNewTabIe lNorma\ized Intercorrelation lSheetSI’ | Sum=1 4
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First RS vs RS. It should be = 1!




Independent variables analysis

[ *Rajesh.Teacher.gnumeric - Gnumeric k =lol x|
File Edit WView Insert Format Tools Statistics Data Help
DBEE &8 «00|& - & - | @ misilbwow ~
ISans 'F'@' 2 i
IBZ B * & » = I=rsq(NormaIized!582:5830,N0rma|ized!82:830)
A MMM ¢ | o | E | F | 6 | H | 1 | |

1 RS EA P w MR SASA TE DH SE =]
RS |=rsq{Normalized!$sB2:5B30,Normalized!B2:830)

3 EA

4 P

5 w

6 MR

7 SASA

8 TE

9 DH

10 SE
T -

1| | »

4 ¥ check lNewTabIe lNorma\ized Intercorrelation lSheet3 I 4 | Sum=1 4
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Lock at the formula and define fixed variable (insert S signs as in the slide)




Independent variables analysis

[F *Rajesh.Teacher.gnumeric - Gnumeric =101 %]
File Edit Wiew Insert Format Tools Statistics Data Help k
DBEBEHI&@&lend|le @&~ @2 mh i f100%~ ~
|sans > [0~ [a] [a] [&] | m R | @8 B LI B
|C3 B * <;,“j_,| v = I=rsq(NormaIized‘CZ:C30,N0rmaIized!5C2:5C30)
A | 5 /NN ° | £ | F | & | H | 1 |

1 RS EA P W MR SASA TE DH =]

2 RS 10.38950626865032 0.72771 046887 0.33990 0.28242 0.153641 0.51729 0
“ EA =rsq(Normalized!C2:C30.Normalized!5C2:5C30)

4 IP

5 W

6 MR

7 SASA

8 TE i

9 DH

10 SE

11 hd

0| | 3

Initial Table l\’ check lNewTabIe lNormaIized Intercorrelation lSheetS” | Sum=0.38950626865032 4

QSAR Pagina 47

Then just by drugging the r2 is calculated for all the values in the first row.
Make a similar operation in the others rows




QSAR

Independent variables analysis

[ *Rajesh.Teacher.gnumeric - Gnumeric =olx|

File Edit Wew [Insert Format Tools Statistcs Data  Help

DEE &4l 009~ @ - [@E m&; -

ISans 'F'@'DDE@Dv
IIQ 7] % *@ * = I=r5q(NormaIized!I?:I35,Normalized!51?:5135)
AlB|c|po|E|F]c |+ NN K
1 RS EA IP W MR SASA TE DH =
2 ES 1.0000.390 0.728 0.469 0.340 0.282 0.156 0.517 0.614
3 EA 1.000 0.148 0.975 0.649 0.532 0.454 0.550 0.388
4 P 1.000 0.201 0.129 0.150 0.043 0.339 0.597
5 W 1.000 0.648 0.543 0.479 0.564 0436
6 MR 1.000 0.953 0.496 0.776 0.083
7 SASA 1.000 0.117 0.798 0.025
8 TE 1.000 0.023 0.290 .
I oH l
10 | SE 1.000
11 | i
| | v
4 Normalized Intercorrelation I’ | | Sum=1.058 v

And the correlation matrix is obtained
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Independent variables analysis

F® *Rajesh.Teacher.gnumeric - Gnumeric Q =1o] x|
File Edit View Insert Format Tools Statistics Data Help

UBEI&2&8le« D09 ~-@& - [Q@F mi; -

[sans > o [~ [a] A Al | E E 5 8 3 -~
|c3 ) % & - = |=rsq(NormaIized|C2'C3D Normalized! $C2:$C30)
1 W | MR SASA TE DH =
2 RS 1.000 0.3¢0 0.728 0)469 0.340 0.282 0.156 0.517 0.614
1.00070% 0.975 0.649 0.532 0.454 0.550 0.388

1.000 0.201 0.129 0.150 0.043 0.339 0.597
1.000 0.648 0.543 0.479 0.564 0.436
1.0000 0.953 0.496 0.776 0.085

1.000 0.117 0.798 0.025

1.000 0.023 0.280

1.000 0.058

1.000

=] gV i
thﬁg!ﬁf"'ﬂ»

4
4
4

| | »
1 Normalized Intercorrelation I’ | | Sum=19.445

Pagina 49

In the first row are reported the r2 values for each variable with
the dependent variable, these are monoparametric regressions.
The best one is IP that as the highest r*2 value.



Independent variables analysis

F® *Rajesh.Teacher.gnumeric - Gnumeric 18] =]

File Edit WView Insert Format Tools GStatistcs Data Help

DEEH8&8 %006~ |@% mis -

ISans - lF h @ | D D D B -
B11 B ¢ - =|
A MM c ol e F o6 nl 1| j| «x
1 R5 EA [P W MR SASA TE DH SE =
2 RS 1.000 0.3900.728 0.469 0.340 0.282 0.156 0.517 0.614
3 EA 1.000 0.146 0.975 0.649 0.532 0.454 0.550 0.383
4 IP 1.000 0.201 0.129 0.150 0.043 0.339 0.597
5 W 1.000 0.648 0.543 0.479 0.564 0.436
6 MR 1.000 0.953 0.496 0.776 0.085
7  |SASA 1.000 0.117 0.798 0.025
8 TE 1.000 0.023 0.290 o
9 | DH ] 1.000 0.058
10 SE 1.000
i s
1] | 3
4 Normalized Intercorrelation I’ | | Sum=0 4
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In the yellow area are highlighted the intercorrelations among
the descriptors to check for any collinearity.
As a limit an r2 greater than 0.5 means that two variable
are correlated and should not used together.



Choice of the best descriptors (stepwise method)

In order to get an overview of the uniparametric
relationship between the various descriptors we use a
linear regression analysis function built into

Gnumeric

(Statistics > Dependent Observations > Regression)
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In the next slides we are going to make
a stepwise building of the QSAR model



Choice of the best descriptors (stepwise method)

E *Rajesh.Teacher.gnumeric - Gnumeric ;lglil
File Edit WView Insert Format Tools | Statistice Data Help
DEE| 88| %D s "o S % | o -
ISans - |-1 ::gre.ms;nl . 13 = |El |%| | -
Fourier Analysis...
lﬁ x Q@ v = %:: g:zz:l::: : Kaplan-veier Estimates...
= |“ = | = | Multiple Sample Tests > Principal Components Analysis... | = | 5 |
1 RS EA TP W MR SASA TE D}# Al
2 RS 1.0000.390 0.728 0469 0.340 0.282 0.156 0.517 0.614
3 EA 1.000 0.146 0.975 0.649 0.532 0.454 0.550 0.388
4 P 1.000 0.201 0.12% 0.150 0.043 0.339 0.597
5 W 1.000 0.648 0.343 0.479 0.564 0.436
6 MR 1.000 0.953 0.496 0.776 0.085
7 SASA 1.000 0.117 0.798 0.025
8 TE 1.000 0.023 0.290
9 DH 1.000 0.058
10 SE 1.000
1
12
13
14
15
16
17 -
14 »
Initial Table l\’ check lNew Table lNormaIized Intercorrelation lSheet3] Regression Analysis Sum=0 4
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Choice of the best descriptors (stepwise method)

E *Rajesh.Teacher.gnumeric - Gnumeric ;Iglll
File Edit View Insert Format Tools | Statistcs Data Help
D iptive Statisti L4 . - -
DEE|8 &% 0| e b & % | foow |
5i I fE—
5 - [ — e .
e f—— EEREN
One Sample Tests _—
IBII I S BE Two Sample Tests 1nput|0pﬁons|gutput| %
A |“ C | D | Multiple Sample Tests - . N 0 |
1 RS EA P W MR SASA (& Multiple linear regression d
2 RS 1.0000.390 0.728 0.469| 0.340 0.282( (' Multiple 2-variable regressions
3 EA 1.000 0.146 0.975 0.649 0.532 ( ; ;
a IP 1.000 0.201 0.129 0.150 C W T T
3 W 1.000 0.648 0.343 (
3] MR 1.000 0.953 (
7 SASA 1.000 C

=

9 DH
10 SE
11
12
13
14
15
16

17 Help | Cancel | oK I i

Kl 3

¥ variables: INormaIized! SC51:8C830

2 |2

¥ variable: INormaIized!SBSI:SBSBD

i
1

Initial Table l\" check lNew Table lNormaIized Intercorrelation lSheetB ] | Regression Analysis | Sum=0 4
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We start with the uniparametric regressions using the «Statistic > Regression» menu.
Then by clicking in the X and Y variable boxes we define the areas containing the values.
While doing this operation select also the label of the variables.

Then click on the OK button ....




Choice of the best descriptors (stepwise method)

F® *Rajesh.Teacher.gnumeric - Gnumeric i ] 4]
File Edit View Insert Format Tools Statistics Data Help

DBEE 2&8l« Dl ~@ -~ | @ Mmoo ~

[sans ol @i@@E|[BEEC®@BaosE|® 8 - % 3| E[E | <
[a1 @ ¥ ¢ - = [summary outPur
| A [ B | < | D | E | F |
SUMMARY QUTPUT [Response Variable RS =]
2
3 |Regression Statistics LJ!}'
4 Muft{ofe R 0.62410437320237
K R~2 0.38950626865032
5] Standard Error 0.75297888457587
7 |Adjusted R~2 0.36689538971144
] Observations 29 —
9
10 ANOVA
11 df sS Ms F Significance of F
12 Regression 1 5.76703180885487 5.76703180885487 17.2264983463603 0.00029690051514
i1z Restdual 27 15.3083844166624 0.56697720061712
14 Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value Y Lower 95%
P Intercept 0.90633024200569 0.32789955371423 2.76404470686136 0.01015913570582 0.23353502854898
18 EA 2.40923773665525 0.58047183683409 4.15048170052107 0.00025690051514 1.21820790777883
15
1 |
Initial Table le’1ed<lNewTabIe lNormaIized lIntermrreIation lSheet3 Regression (1}] | | Sum=0
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... and a new sheet «Regression (1)» will be created with all the statistical values



B *Rajesh.Teacher.gnumeric - Grumeric I =] 73
fle Edit Vien Iwsert Fomat Tools Stabistics Data Help
UBE 2& %004 - - [@% mi & mfow -
Sans ~ o - A AIEEE®BS =s=|® 8 - -~ 4 - A~
%6 % - =]
A | B | [S | D | E | F | G | H |
17 |intercept 0.90633024200568 0.32789999371423 2.76404470686136 0.01015913570582 0.23353502854898  1.57912545546239
18 [eA 2.40923773665525 0.58047183688400 4.15048170052107  0.00029680051514 1.21820790777883  3.50026756553168
19
20 kConstant EA Prediction RS Residual L i I
21 10.43166175024582 1.94630602016857 0.301 —1.64530602016857 0.03821898823821 -2.2281 —24098
22 1 0.40462143559489 1.88115047370051 0.602 —1.27915947370051 0.04120185573742 -1.7348 -1.8015
23 10.36479842674533  1.785216377993 0.6989 —1.086316377993 0.04717721504616 14780 —1.5097
2 1 0.4960668633235 2.10147324902887 0.5980 —1.40257324902887 0.0346144280285 -1.8958 —-1.9928
25 1 0.40757128810226 1.88826636967884 1.301 —0.58726636967884 0.04083421996198 —0.7964 —0.7304
26 10.07177974434612 1.07926471081181 1.301 0.22173528918819 0.14510423874043 0.3192 0.3138
27 1 0.21956735496559 1.67624397299188 1.2979 —0.278342972091882 0.05625031936562 -0.3805 -0.3743
23 1 0.5196656833825 2.15832841685554 14771 —0.68122841685554 0.03452788443552 —0.9207 -0.9175
29 1 0 0.50633024200569 1.602 0.69566975799431 0.18963444343223 1.0263 1.0234
30 1 0.32350040164208 1.68571083420632 1.5980 0.01318016570368 0.05536482337662 0.0180 0.0177
31 1 0.36283185240708 1.78047844734078 1.8808) 0.10032155265922 0.0475211343019 0.1365 0.1340
32 1 0.58308751229105 2.31112668038572 2/—0.31112668038572 0.03757517487862 -04212 —-04146
33 1 0.432645034401495 1.948674 faad 2,079 0.138423p4d 50532 0.038 24896021 0 0.1734
1 0.860865200 0624y 5 — .0} 0 @ o1e§g_1o72a 3334 * -1 —1.2775
35 1 0.38053097 1@‘ — ) . 7292240.044 #3416 o795 04724
36 10.54716764011798 2.2 2.20% j 0285504%508666 0.03538351262 -0 —0.0273
37 10.45132743362832 1.9936853266908 2301  0.3073146733092 0.03659548646207 04158 04093
38 1 0.52015732546706 2.15951289951859 2.3424 0.18288710048141 0.03453312009996 0.2472 0.2428
EL] 1 0.34808250587021 1.74404396744911 24771 0.73215603255089 0.05024704807097 0.9977 0.9967
40 1 0.79006882989184 2.80979388153616 2.574 —0.23579388153616 0.08078153719068 —0.3266 —0.3211
a1 1 0.35004916420846 1.74968180810133 2.602 0.85231810189867 0.04986865367381 11613 1.1676
42 1 0.40068829891839 1.87168361239606 2.8129 0.94121638760394 0.04170812517068 1.2769 1.2909
43 1 0.70353982300885 2.60132493283836 2.903 0.30167506716164 0.05652498618567 04125 0.4060
44 10.77236971484759 2.76715250566616 2.903 0.13584749433384 0.07509599196959 0.1876 0.1842
45 1 0.42477876106195 1.92672326288579 3| 1.07027673711421 0.03889581055506 14499 14792
m 1 0.60618469026549 2.36679736555334 3.3424 0.97560263444666 0.03987367119381 1.3223 1.3399
47 1 0.99065880039331 3,29306280806288 34771 0.18403719193712 0.17123955311578 0.2685 0.2638
ag 1 1 3.31556797866094 3.875 0.55943202133806 0.17661746218617 0.8188 0.8118
49 1 0.95329400196657 3,20304212567065 3.875 0.67195787432935 0.15076504400564
50
i
4 NewTable |Normalized | ] Regression (1) | @ | @ | @ ] © ] ‘ Sum=0 ‘ Y

QSAR
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By analysing the new sheet we can observe the intercept and constant values of the line and thus
we can write its equation



Choice of the best descriptors (stepwise method)

[® *Rajesh.Teacher.gnumeric - Gnumeric - 10| x|
File Edit View Inmsert Format Tools GStatistcs Data Help k
DBEE @&l D0l% @& ~|@E m 4| imfow ~
fsans o~ Ai@aE[BELCD®B oss|(® a8 - % 3|5 E| =
IAl w8 ¢ -+ = ISUMMARYOU'I'PUT
| A | B | < | D | E | F
SUMMARY OUTPUT |response variable RS =
2
3 |Regression Statistics
4 Multple R 0.85305842334863
5 R™2 0.72770867364606
6 Standard Error 0.50287390153896
7 Adjusted R~2 0.71762380970702
8 |Observations 29 —
9
10 ANOVA
11 df S5 MS F Significance of F
12 |Regression 118.2475978825939 18.2475978825939 72.1585018940464 4.1569053282004
13 |Residual 27 6.8278183429233 0.25288216084901
14 |Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value Y Lower 95%
17 |intercept 0.66259068100773 0.19713001110905 3.36118624089754 0.00232964121029 0.2581133
18 |IP 2.6878988550149 0.31642381929091 8.49461605336265 4.15690532820046E—-009 2.03365081
19
il |
4 Regression (2) lRegression (3 lRegression [G)] lRegression (5) lRegression (B) I’ | Sum=0
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Reapeat for all the descriptors




Choice of the best descriptors (stepwise method)

F® *Rajesh.Teacher.gnumeric - Gnumeric =10 x|
File Edit View Insert Format Tools Statistcs Data  Help k
DBEI &80l 4 @& -~ | @2 mi; Gl imfoe -
[ o - WrE [ mas=9s - %3 ©
I,q:[ @ ¢ + = [suMmaryoutPUT
| A | B | c | D | E | F
SUMMARY OUTPUT [Response Variable RS =

2
3 |Regression Statistics
4 Multple R 0.68473965334663
5 R~2 0.46886839286526
G Standard Error 0.70233331011526
T Adjusted R~2 0.44919685186027
a8

Observations 29 —
9
10 |ANOVA
11 df SS MS F Significance of F
12 |Regression 111.7570701060858 11.7570701060858 23.8348583238253 4.181154129624¢
13 |Residual 27 13.3183461194314 0.49327207849746
14  |Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value Y Lower 95%
17 |intercept 1.13322035863428 0.24353781773917 4.65315969878639 7.73582994698183E-005 0.6335220:
i |w 2.458775350982804 0.50363115884698 4.88209568974486 4.181154129625E—-005 1.4254097.
19

1 |

4 Regression (2) Regression (3) lRegression [G)] lRegression (5) lRegression (B) I’ | Sum=0
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Choice of the best descriptors (stepwise method)

F® *Rajesh.Teacher.gnumeric - Gnumeric =10 x|
File Edit View Insert Format Tools Statistcs Data  Help k
DBEE 8&8 &« D004 ~@& -~ | @ mi; G| tmfow ~
[sans ~ful~- Ali@aR|EEE®E =9 3 - % 3| -
IAI w8 g - = ISUMMARYOU'I'PUT
| A | B | < | D | E | F |
SUMMARY OUTPUT [Response Variable RS =
2
3 |Regression Statistics
4 Multple R 0.58300627675584
5 R~2 0.33989631874137
G Standard Error 0.78297567625897
T Adjusted R~2 0.31544803425031
8 Ohservations 29 —
9
10 |ANOVA
11 df SS MS F Significance of F
12 |Regression 1 8.52304166596096 8.52304166595096 13.902665394198 0.00090322861833
13 Residual 27/16.5523745595563 0.6130509096132
14 Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value YLower 95%
17 |intercept 1.01386008698312 0.334555903973855 3.03046538687935 0.00533150359806 0.32740807373112
18 |MR 2.90047981347728 0.77789469912203 3.72802781652956  0.00090322861833 1.30437173121007
19
1 |
4 Regression (2) lRegression (3) Regression (4) lRegression (5) lRegression (B) I’ | | Sum=0
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Choice of the best descriptors (stepwise method)

FF *Rajesh.Teacher.gnumeric - Gnumeric - 100 x|
File Edit View Insert Format Tools Statistcs Data Help k

DBEBEI&@&8leD0|6 @& - |9 E M 4| o -

[sens - RHa@(000sc=9% - ®=|EH]| .

|p,1 @ # <8 + = [summary ouTPUT

A | B | c | D | E | F

SUMMARY QUTPUT |response vanable RS =]
2
3 |Regression Statistics
4 Multple R 0.53143672558195
5 R~2 0.2824 2499365604
3] Standard Error 0.81634896217295
7 Adjusted R~2 0.25584814156922
8 | Observations 29 —
9
10 |ANOVA
11 df SS MS F Significance of F
12 Regressrbn 1 7.08192426841418 7.08152426841418 10.6267285807022 0.00301081159412
13 Residual 27/17.9934915571031 0.66642562804085
14 Total 28/25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value Y Lower 95%
17 Intercept 1.37607010059851 0.27841463014538 4.94252080021867 3.55431958487801E—-005 0.80481046622:
18 SASA 2.39260481334891 0.73395794823225 3.2598663439936 0.00301081154124 0.886647497352:
19
4 |
1 Regression (2) lRegression (3 lRegression (4) Regression (5) lRegression (&) I’ | Sum=0
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Choice of the best descriptors (stepwise method)

1 |

P *Rajesh.Teacher.gnumeric - Gnumeric k [
File Edit View Insert Format Tools GStatistcs Data Help
DBEl 28 s 206~ & | @ E m iy 4| o -
[sans o> @@AE|EEHEOB =os|® 8 - % 3|EH | he
IAl @ & €8 v = |suMMary oUTPUT
| A | B8 | < | D | E | F
SUMMARY QUTPUT [Response Variable RS =
2
3 |Regression Statistics
4 Multiple R 0.39548789311373
5 R~2 0.15641067359553
6 Standard Error,  0.88513136674933
T Adjusted R~2 | 0.12516662447359
8 Ohservations 29 —
9
10 ANOVA
11 df 55 Ms F Significance of
12 |Regression 13.92206274262184  3.92206274262184 5.00609485566518 0.0337085]
13 Residual 27 21.1533534828954 0.78345753840353
14 Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value Y Lower 95%
17 Intercept 3.70963385913321 0.72169170143323 5.14019198470223 2.089553058599259E—005 2.228844834:
18 TE —1.80394562279643 0.80625775525263 —2.23743041355171 0.03370951845843 —3.45824588¢
19

4 Regression (2) lRegression (3) lRegression [G)] lRegression (5) Regression (&) I’ |

Sum=0
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Choice of the best descriptors (stepwise method)

P *Rajesh.Teacher.gnumeric - Gnumeric k [
File Edit View Insert Format Tools GStatistcs Data Help
o _ Az,
DBEE &8/ ol ~-@& - |8 mi bl infoe ~
[sans o~ WARA|[BEEBo==|® 8 - % a|EH| -
IAl @ & €8 v = |suMMary oUTPUT
I < | D | E | F
SUMMARY QUTPUT [Response Variable RS =
2
3 |Regression Statistics
4 Multiple R 0.719230883066
5 R~2 0.51725306315589
6 Standard Error 0.66955146280539
7 Adjusted R~2 0.49941502845796
8 | Observations 29 —
9
10 |ANOVA
11 df 55 Ms F Significance of F
12 |Regression 112.9713388652068 12.9713388692068 28.9345597486613 1.101639160656°
13  |Residual 27 12.1040773563104 0.44829916134483
14 Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value YLower 95%
17 |Intercept 0.63847706491587 0.30512596126205 2.09250324775717 0.0455264945109 0.0124103
12 |pH 2.80306342879905 0.5211040948343 5.37908540075925 1.10163916065638E—005 1.7338461
19
1 |
4 Regression (3) lRegression [G)] lRegression (5) lRegression (8) Regression (7) I’ | Sum=0
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Choice of the best descriptors (stepwise method)

E *Rajesh.Teacher.gnumeric - Gnumeric - |EI|1|
File Edit WView Insert Format Tools Statistics Data Help k
&A A A. z.
DEEI &8 &D004 ~@ -~ | @8 m Y 4| #mfoe -
|sans ol Ak EEE B == 9% - %= EHE | -
[a1 @ & @8 - = [suMmary outPUT
| A | B | c | D | E | F
SUMMARY OUTPUT lResponse Variable RS =
2
3 |Regression Statistics
4 Multiple R 0.78335040208227
5 R™2 0.61363785244245
4] Standard Error.  0.59901745673537
7 |Adjusted R~2 0.59932814327365
] Ohservations 29 —
9
10 ANOVA
11 df sS Ms F Significance of
12 Regression 1 15.387224561727 15.387224561727 42.8826222255078 5.0549005851
13  |Residual 27 9.6881816637%022 0.35882191347371
14 Total 28/25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value YLower 95%
17 |Intercept 3.65275893626293 0.2567617455734 14.2262583863715 4.604659169074284E-014 3.1258:
13 SE —2.99020144187781 0.45662505913122 —6.54848243683281 5.05490058511252E—-007 —3.9271
19
1 |
4 Regression (4) lRegression (5) lRegression (&) lRegression(}"} Regression (8) I’ | Sum=0
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Choice of the best descriptors (stepwise method)

F? *Rajesh.Teacher.gnumeric - Gnumeric = |
File Edit View Insert Format Tools Statistcs Data  Help

UBE &8l & -~ & - |

== “ o~ (&) (4] (]

IBZ [=%) x <;,‘j_,| v = |='Regression(1}'!85

A GG c | ¢ | ¢ | oH [ ) |k [
FA P W

MR SASA TE DH SE =

=

wH

RS |='Regression(1)'!85 T I

IS

%]

(=]

=l

o

“ >

4 Intercorrelation  Regressions lRegression n lRegression 2 lRegression (3 I’ | Sum=0 4
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And record the r*2 values in a new sheet «Regressions»




Choice of the best descriptors (stepwise method)

[ *Rajesh.Teacher.gnumeric - Gnumeric =] |
File Edit View Insert Format Tools Statistics Data  Help

DEEI&&|l« D04~ @& - @ ™% %l imfow -

ISans 'F'@lDDD@DgE|z‘B% M
D3 » ¥ & ~ = |
A | e | c MECEM € | F | e | H | 1 |

1 EA P W MR SASA TE DH SE =l

2 RS 0.390 0.728 0469 0.340 0.282 0.156 0.517 0.614
EER

a4

5

6

7

8

9

10

11 <| | .
1 Intercorrelation Regressions lRegression(l) I’ | Sum=0 Y
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Choice of the best descriptors (stepwise method)

F® *Rajesh.Teacher.gnumeric - Gnumeric

File Edit WView [nsert Format Tools Statistics Data  Help

8 [ 3

DEE &8l D4~ @& - @ m S % imfow ~

ISans

~ [~ & [al 8| E E B oss|@ a8 -

D3 w2 ¢ - -|
A | B | c NECEM £ | F | 6 | H | 1 |
1 EA P W MR SASA TE DH SE =]
2 RS 0.390 0.728 0.469 0.340 0.282 0.156 0.517 0.614
EE
4
5
- -0l
File Edit View Insert Format Tools Statistcs Data  Help
DEEHl &8l 04 ~ @& - | @E ™G -
ISans ‘F'@|DDD@D'
fB11 w B ¢ - =]
A MM c| o | E|F |6 | H[ V]|
1 RS EA TP W MR SASA TE DH SE =
2 RS 1.0000.390 0.72¢] 0.469 0.340 0.282 0.156 0.517 0.614
=5 EA 1.000 0.146 0.975 0.649 0.532 0.454 0.550 0.338
4 P 1.000 0.201 0.129 0.150 0.043 0.339 0.597
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Compare the Regressions with the initial correlations
and the they should be the same values.



MLR with all variables = Overfitting!

[ *Rajesh.Teacher.gnumeric - Gnumeric =lol =]
Fle Edt View Insert Format Tools Statistics Data Help
I EE| 28 %00~ @& - @5 ki o -
[sans ol @ @B BB o= (98 - 9s|EHEE - & A~
Al @ # 48 ~ = [summarr outrur
. [ B ] c | D E | F G H
ES (s MMARY OUTPUT |response varable RS =
2
3 |Regression Statistics
4 |multple R
5 R~2
6 |standard Error
7 |Adjusted R~2
8 | CObsewvations L
9
10 |ANOVA
11 df ss mMS F Significance of F
12 Regression 9 25.0754162255172 2.7861573583908 #NUM! #NUM!
13 |Residual 19 0 o e
14 Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value YLower 95% Upper 85%
17 Intercept 3.63174224320954E-170 0 #DIV/0! #DIV/0! 3.683174224320954E—170 3.63174224320954E—-170
18 RS 1 0 #DIV/0! #DIV/0! 1 1
18 EA —3.78620315249301E-171 0 #DIV/0! #DIV/0! —3.78620319249301E-171 —3.78620319245301E-171
20 P —1.636235223028E—-170 0 #DIV/0! #DIV/0! —1.636235223028E—170 —1.636235223028E—170
21 w 7.30399141842223E-171 0 #DIV/0! #DIV/0! 7.30399141842223E—-171 7.30399141842223E-171
22 MR —5.25840666781962E—-170 0 #DIV/0! #DIV/0! —5.35840666781962E—170 —5.35840666781962E—170
23 |SASA ©.95220891031855E-171 0 #DIV/0! #DIV/0! 9.95220891031855E—171 9.95220891031855E—171
24 TE —2.89869680960785E-170 0 #DIV/0! #DIV/0! —2.89869680960785E—170 —2.89869680960785E—170
25 DH 1.0869123178817E-170 0 #DIV/0! #DIV/0! 1.0869123178817E-170 1.0869122178817E—170
26 SE —5.90380946104129E-172 0 #DIV/0! #DIV/0! —59.90320946104129E-172 —9.90380946104129E—-172
27

<

4 Regression (2) lRegressian(&) lREgrEs&on(‘%} lRegressmn(E) lRegressmn(G) lRegression(]’) lRegression(s} Regression (3) ]’ |

Sum=0

QSAR
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Just to try, instead of highlighting one parameter, select all the 8 descriptors while doung the
regressions,
in the new sheet «Regression (9)» the values are clearlyindicating that 8 parameters give a perfect
regression of r2 = 1!
This is overfitting!
We are using collinear parameters and the model is LYING!



No differences with unscaled data!

% Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric i [=] 3
Eile Edit View [Insert Format Tools Statistcs Data Help

DEEH I E&| & 004 -~ @ -~ | @ F m i S| befoos |~

[sans ~Jo- ARIRA|EEEBE o= @y - A EFE B - & - A~
IFZI ] x «@ v = I{=mmu|t[mmult[mmu\t('Regresswon (2)'15A521: 58549, minverse{mmult{transpose(Regression (2)'1 $AS21:58549),'Regression (2)'1$A521:56$49))), transposeRegression (i
A | e | ¢ | o | £  F ] 6 —
1 |SUMMARY QUTPUT Response Variable RS =
2
2 |Regression Statistics
4 Multple R 0.853205842334863
5 R™2 0.72770867364606
6 Standard Error 0.50287380153896
7 Adjusted R~2 0.71762380970702
8 |observations 28 |
9
10 |ANOVA
11 df SS mMs F Significance of F
12 |Regression 118.2475978825939 18.2475978825939 72.1585018940464 4.15690532820046E—009
13 |Residual 27 6.8278183429233 0.25288216084901
14 |T1otal 28 25.0734162255172
15
16 Coefficients Standard Error E-Statistics p-Value Y Lower 85% Upper 85%
17 |intercept —27.72040176533 3.51614143537824 —7.883756178411 1.78162061194726E—008 —34.9349280627027 —20.5058754679595
18 |iP 5.0810942438845 0.59815466784671 8.49461605336265 4.15690532820046E—009 3.85378224282119 6.30840624494782
19 -
— i o E— | - e
4 NO-Normalized lInDerccrreIanon lRegrEsslons lRegresslon(l) Regression (2) I’ | | Sum=0.14879254713158 4
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IF we repeated with unscaled data (without normalizing) we can observe that the results are the
same, the only differences are the intercept and the variable coefficient values.
Although it seems that scaling is not necessary, apply always a normalization in you matrix!



Step Forward Multi Linear Regressions
EA P W MR SASA TE DH |SE
EA 1.00 0.15 0.98 0.65 0.53 0.45 0.55 0.35
P 1.00 0.20 0.13 0.15 0.04 0.34 0.60
W 1.00 0.65 0.54 048 0.56 0.44
MR 1.00 0.95 0.50 0.78 0.08
SASA 1.00 0.12 0.80 0.02
TE 1.00/0.02 0.29
DH 1.00 0.06
5E 1.00
EA P W MR SASA TE DH |SE
RS 0.29 0.73 0.47 0.24 0.228 0.1 0.52 0.61
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Going back to the intercorrelation data it is possible to see that the first parameter to use is «IP»
and that we can associate with it only « W», «MR», «SASA», «TE» and «DH» values.

The ones that display low correlation with «IP».

At first glance we could expect a godd correlation by using atriparametric model including «IP»,
«\W>» and «DH» Riit thic can he confirmed by 2 ctenwice recreccinn



Step Forward Multi Linear Regressions

Lim[~N|[ o |»HCHM ® |s| T | u [v] w X | v| z | A

P W P MR IP sasa IP TE IP DH

5.59 1.88 5.50 71.83 5.59 135.70 5.50 —1682.34 5.59 —440.50
5.62/1.83 5.62 77.93 5.62/152.92 5.62 —2451.02 5.62 —364.00
5.601.75 5.60 71.83 5.60137.37 5.60 —1682.34 5.60 —441.14
5.592.01 5.59 74.88 5.59140.25 5.59 —2066.68 5.59 —400.95
5.72/1.86 5.72 71.83 5.72/135.59 5.72| —1682.34 5.72/—438.21
5.611.28 5.61 71.83 5.61133.58 5.61 —1682.34 5.61 —438.67
5.87 1.73 5.87 77.93 5.87 152,60 5.87 —2451.01 5.87 —359.04
5.89/2.13 5.89 74.88 5.89142.07 5.8 —2066.68 5.89 —401.52
5.98/1.27 5.98 63.70 5.98/131.21 5.98 —1370.07 5.98 —479.38
5.731.71 5.73 74.88 5.73/139.27 5.73 —2066.69 5.73 —402.63
5.89/1.82 5.89 74.88 5.89/139.82 5.8 —2066.69 5.89/—399.69
5.89/2.27 5.89 77.93 5.89146.29 5.8 —2451.03 5.89/—362.81
5.79/1.93 5.79 74.88 5.79 140.65 5.79 —2066.68 5.79/—402.22
5.852.00 5.85102.92 5.85183.21 5.85 —21831.26 5.85 —269.02
6.02/1.88 6.02 76.83 6.02 145.35 6.02 —2375.81 6.02 —322.53
5.832.18 5.83 77.93 5.83 14548 5.83 —2451.03 5.83 —365.01
5.992.01 5.99 20.98 5.99/157.94 5.99 —2835.36 5.99 —324.99
5.912.13 5.91 77.93 5.91147.35 5.91 —2451.03 5.91 —365.53
5.92/1.80 5.92 82.68 5.92/152.62 5.92 —2490.34 5.92 —358.42
6.012.82 5.01 80.91 6.01 14848 5.01 —4564.72 6.01 —352.50
5.92/1.80 5.92 76.38 5.92 146.25 5.92 —2375.80 5.92 —322.36
6.02/1.92 6.02 77.93 6.02/145.05 6.02 —2451.03 6.02 —362.68
5.972.58 5.97 83.89 5.97 149.74 5.97 —6678.40 5.97 —341.98
5.922.75 5.92 86.88 5.92 15643 5.92 —8792.08 5.92 —331.89
6.12/1.99 6.12 76.23 6.12 143.95 6.12 —2475.06 6.12 —364.74
6.112.37 6.11 80.98 6.11 151,35 6.11 —2835.38 6.11 —326.35
6.03 3.44 5.03 83.96 6.03 155.36 5.03 —4949.06 6.03 —315.98
6.05 347 6.05 89.31 6.05 162.62 5.05 —9295.45 6.05 —296.47
5.97 3.31 5.97 92.91 5.97 166.51 5.97 —11290.11 5.97 —284.65
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Let’s prepare the biparametric combinations




Step Forward Multi Linear Regressions

F® Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric =10l x|

File Edit View Insert Format Tools Statistics Data Help

DBE &4l 04~ @ - @ ™ & Wfoow -

fsans o -@A@AE|HOODBEo=|®% - ®|I|[EEH 0 -8 - A~
[Fss @ B oeF v =]
A B | c | D | E I e |
1 |SUMMARY OUTPUT Response Vanable RS -
2
3 |Regression Statistics
4 |multiple R 0.91769207990091
5 R™2 0.84215875351285
[é] Standard Error 0.39016441077004
7 Adjusted R~2 0.82001711916768
8 |Observations 29
9
10 |ANOVA
11 df Ss Ms F Significance of F
12 |Regression 2 21.1174812722575 10.5587406361487 69.361235034077% 3.77456166633094E-011
13 Residual 26 3.95793495321975 0.15222826743153
14 Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value Y Lower 95% Upper 95%
17 Intercept —23.12151769879 2.92646506772578 —7.900835022356 2.23320906535491E—008 —29.1369527966614 —17.10608260092
1& |ip 4.070882350044 34 0.51914507766559 7.84151198803542 2.568%2074143486E—008 3.00376435957592 5.13800034011275
19 w 0.61656170789146 0.14200122009646 4.34194655139328 0.00019078662103 0.32467401965991 0.908449396123
20
i)
4 Regression {4) lRegression(S) lRegression (3] lRegressian(?) lRegression (8) lRegression(Q} lSheetl lSheetZ Regression {10) I' ’—| sum=0
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And by using the «Statistic > Regression» menu the five biparametric are easily build.



Step Forward Multi Linear Regressions

F® Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric =1ol =]

Fle Edit View Insert Format Tools Statistcs Data Help

DEEle&8&00% -~ @ - | @E ™Y | Mmfoow ~

[sens ~folv AAB|O00moss=|[®% - ®Ra|EEF 4~ A-
[(1 @ # ¢ - = [sovmervoumrur

| A | B8 | € | D | E | F | G
SUMMARY QUTPUT [Response Vvanable RS =
2
3 |Regression Statistics
4 |multple R 0.90317927777274
5 R™2 0.81573280779809
4] Standard Error 0.42156195553287
7 |Adjusted R~2 0.80155840839794
] Observations 29
5 |
_ 10 |ANOVA
1 | df 55 MS F Significance of F
LREQFESSJ'OH 2 20.454839684347 10.2274198421735 57.5497264 307116 2.82373695431237E-010
_ 12  |Residual 26 4.62057654117024  0.1777144823527
_ 14 |Total 28 25.07534162255172
15
16 Coefficients Standard Error t-Statistics p-Value Y Lower 95% Upper 95%
17 |intercept —26.90950305644  2.956567694227 —9.101602222397 1.44960940692087E—009 —32.9868150252698 —20.83219116362
18 |IP 4.40181436773323 0.5372051748574 8.19391653956787 1.12563128581626E—-008 3.29757331614008 5.50605541632638
19 |MR 0.04031839253135 0.01144035937505 3.52422433557411 0.00155485281772 0.016802359743906 0.06383438842364
20
4
4 Regression (5) lRegressicn &) lRegression(?) lRegression (8) lRegression (@) lsheetl lsheetz lRegressicn (10)  Regression (11) I 4 |—| Sum=0
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Step Forward Multi Linear Regressions

F® Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric =18l =]

Ele Edit WView Insert Format Tools Statistcs Data  Help

DBE &2&8l«DD|ls~@& - |@= mi bl imfor ~

[sens o RaE|000Bos= 9% - ®Ra2(EE|0 -4 - A
[si @ ® ¢ - = [somarvouteur
A | B | c | D | E | F | G
SUMMARY OUTPUT |response variable RS =]
2
2 |Regression Statistics
4 |multiple R 0.8804930569455
5 A2 0.77526802332922
[i] Standard Frror|0.46555375853357
7 Adjusted R~2 | 0.7579809482007
8 Observations 29
9 | i
10 |ANOVA
1 | df 55 mMSs F Significance of F
LREQ{ES&‘]‘OH 2/19.4401683713143 9.72008418565714 44 8466856056025 3.72943749143388E-009
_ 13 |Residual 26/ 5.63524785420295 0.21674030208473
_1a  |Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value Y Lower 95% Upper 95%
17  |intercept —27.54014761432 3.25610239717114 —8.458010300367 6.13079267350096E—-009 —34.2331619469472 —20.84713328170
18 |wp 4.53544760681066 0.60063634325228 7.55107088967087 5.13335982573061E-008 3.30082192133651 5.77007325228482
19 SASA 0.02047999002363 0.00873087054483 2.34569850949738 0.02639471437376 0.00253342859374 0.03842655145351
20
2|
4 Regression (8) lREgressicnm lRegrEssian(S) lREgressmﬂ (9) lShEEtl lSheEtZ lREgression (10) lRegrEssion(ll) Regression (12) I’ |—| Sum=0
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Step Forward Multi Linear Regressions

F® Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric =18l =]

Ele Edit WView Insert Format Tools Statistcs Data  Help

DBE &2&8l«DD|ls~@& - |@= mi bl imfor ~

[sens o RaE|000Bos= 9% - ®Ra2(EE|0 -4 - A
a1 @ # ¢ ~+ = [suMmary ouTPUT
. ~ | 2B | c | D | E | F | G
SUMMARY OUTPUT |response variable RS =]
2
2 |Regression Statistics
4 |multiple R 0.88170499144918
5 A2 0.77740369194639
[i] Standard Frror| 0.46333635708462
7 Adjusted R~2 | 0.76028089901519
8 Observations 29
9 | i
10 |ANOVA
1 | df S5 Ms F Significance of F
LREQ{ESS}‘OH 2/19.4937211508096 9.7468605754048 45.4016874029613 3.29407467335866E—009
_ 13 |Residual 26/5.58169507470764 0.21468057979645
_1a  |Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value YLower 95% Upper 959
17  |intercept —26.2642533135557 3.29558699475141 —7.96952207767067 1.9000194819616E-008 —33.03842093938774 —19.49007722823
18 |wp 4.79872863573448 0.56344068006452 8.51669421042164 5.3632217820068E—-009 3.6405412293177 5.9569160421512
19 TE —5.08066165E—005 2.10880368E—005 —2.40926251133444 0.02336381837501 —9.415369693587E—005 —7.45953606E—00
20
2|
4 Regression (7) lREgressi:m (8) lRegrEssion(Q} lSheetl lSheEtZ lRegrEssiun(].O} lRegrEssion(ll) lREgressi:m (12) Regression (13) I’ |—| Sum=0
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Step Forward Multi Linear Regressions

F® Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric =1ol =]

File Edit View Insert Format Tools Statistcs Data Help

DPE8&8/w00 & -@& - |@E mf: 5| infoe -
[sans ~folv AAE|O00mos=|[®% - Ra|EEF -4~ A -
Al @ ¥ % - = [suvmary outeuT

| A | B8 | € | D | E | F | G
SUMMARY QUTPUT [Response Vvanable RS =
2
3 |Regression Statistics
4 |multple R 0.89582250409996
5 R™2 0.80245795885192
4] Standard Error 0.43643864169934
7 |Adjusted R~2 0.78730549414822
] Observations 29
5 |
_ 10 |ANOVA
1 | df 55 MS F Significance of F
LREQFESSJ'OH 2 20.1229703383399 10.0614851691659 52.8221045434813 6.95713848758163E—010
_ 12  |Residual 26 4.8524458871773% 0.19047868796836
_ 14 |Total 28 25.07534162255172
15
16 Coefficients Standard Error t-Statistics p-Value Y Lower 95% Upper 95%
17 |intercept —18.57278677660 4.22036925011418 —4.400749241574 0.00016342050294 —27.2478800121582 —9.857693541049
18 |IP 3.9136043585866 0.63870084037851 6.12744424059761 1.77378147024894E-006 2.60073581314938 5.22647208402382
18 |DH 0.006233838395961 0.00198671224603 3.13776613199662 0.00420172888299 0.00215009289178 0.01031758390743
20
4
4 Regression (8) lRegression 9) lsheetl lsheetz lRegression (1) lRegresston (1) lRegression (12) lRegression (13) Regression (14) I' |—| Sum=0
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Biparametric models

1|
2 R™2
- P+ W 0.84215875351285

4 | IP+ MR 0.81573280779209
3 IP + SASA 0.775263802332922

B | IP+TE 0.77740369194639
u P+ DH 0.80249795385192
& |

9
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The best combination resulted to be IP + W, but also IP + MR should be analyzed with other
descriptor



Step Forward Multi Linear Regressions

3 | Ac|AD| aAE | |AG| AH | Al [AK| AL | AM |ao| AP | AQ | AR
P w | MR P W SASA P W TE P W DH
5.59/1.88| 71.83 550 1.88135.70 559 1.88 —1682.34 550 1.88 —440.50
5.62/1.83 77.93 5.62 1.83152.92 5.62 1.83 —2451.02 5.62 1.83 —364.00
5.601.75 71.83 5.60 1.75137.37 560 1.75 —1682.34 560 1.75 —441.14
5.59/2.01 74.88 5.50 2.01140.25 5.59 2.01 —2066.68 559 2.01 —400.95
5.721.86 71.83 572 1.86135.59 572 1.86 —1682.34 572 1.86 —438.21
5.611.28 71.83 5.61 1.28 133.58 561  1.28 —1682.34 5.61 1.28 —438.67
5.87/1.73 77.93 5.87 1.73152.60 5.87 1.73 —2451.01 5.87 1.73 —359.04
5.802.13 74.88 5.80 2.13142.07 5.80 2.13 —2066.68 5.80 2.13 —401.52
5.98/1.27 63.70 5.8 1.27131.21 5.98  1.27 —1370.07 5.08 1.27 —479.38
5.73]1.71 74.88 573 1.71139.27 573 1.71 —2066.69 573 1.71 —402.63
5.89/1.82) 74.88 5.80 1.82139.82 5.89 1.82 —2066.69 5.89 1.82 —399.69
5.89(2.27| 77.93 5.80) 2.27 146.29 5.89 2.27 —2451.03 5.89) 2.27 —362.81
5.791.93 74.88 579 1.93140.65 579 1.93 —2066.68 579 1.93 —402.22
5.85/3.00 102.92 5.85  3.00183.21 5.85 3.00 —21831.26 5.85 3.00 —269.02
6.02/1.88| 76.83 6.02 1.88145.35 6.02 1.88 —2375.81 6.02) 1.88 —323.53
5.83/2.18| 77.93 5.83 2.18 14548 5.83  2.18 —2451.03 5.83  2.18 —365.01
5.99/2.01 80.98 5.99 2.01157.94 599 2.01 —2835.36 5.99 2.01 —324.99
5.912.13 77.93 5.91 2.13147.35 591 2.13 —2451.03 5.91 2.13 —365.53
5.921.80 82.68 5.2  1.80 152.62 5.02  1.80 —2490.34 5.02 1.80 —358.42
6.012.82 80.91 6.01 2.82148.48 6.01 2.82 —4564.72 6.01 2.82 —353.60
5.92/1.80 76.38 5.92  1.80 146.25 592 1.80 —2375.80 592 1.80 —323.36
6.021.92) 77.93 6.02 1.92145.05 6.02 1.92 —2451.03 6.02 1.92 —363.68
5.97/2.58| 83.89 5.97 2.58149.74 5.97 2.58 —6678.40 5.97 2.58 —341.98
5.92|2.75  86.88 5.92 2.75156.43 592 2.75 —8792.08 592 2.75 —331.89
6.12/1.99 76.23 6.12 1.99143.95 6.12 1.99 —2475.06 6.12 1.99 —364.74
6.112.37 80.98 6.11 2.37 151.35 6.11 2.37 —2835.38 6.11 2.37 —326.35
6.03/3.44 83.96 6.03 344 155.36 6.03 344 —4949.06 6.03 344 —315.98
6.053.47 80.31 6.05 3.47 162.62 6.05 3.47 —929545 6.05 3.47 —296.47
5.97/3.31 92.91 5.07  3.31166.51 597  3.31 —11290.11 5.07 3.31 —284.65
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So prepare the triparametric combination for IP + W




Step Forward Multi Linear Regressions

IP MR SASA P MR TE P MR DH

5.59 71.83135.70 5.59 71.83 -1682.34 5.59 71.83 —440.50
5.62 77.93152.92 5.62 77.93 -—2451.02 5.62 77.93 —364.00
5.60 71.83137.37 5.60 71.83 -1682.34 5.60 71.83 —441.14
5.59 74.88 140.25 5.59 74.88 -2066.68 5.59 74.88 —400.95
5.72 71.83135.59 5.72 71.83 -1682.34 5.72 71.83 —438.21
5.61 71.83133.58 5.61 71.83 -1682.34 5.61 71.83 —438.67
5.87 77.93152.60 5.87 77.93 -2451.01 5.87 77.93 —359.04
5.89 74.88 142.07 5.89 74.88 -2066.68 5.8 74.88 —401.52
5.98 63.70131.21 5.98 63.70 -1370.07 5.98 63.70 —479.38
5.73 74.88 139.27 5.73 74.88 -—2066.69 5.73 74.88 —402.63
5.89 74.88 139.82 5.89 74.88 -2066.69 5.89 74.88 —399.69
5.89 77.93146.29 5.89 77.93 -2451.03 5.8 77.93 —362.81
5.79 74.88 140.65 5.79 74.88 -—2066.68 5.79 74.88 —402.22
5.85 102.92 183.21 5.85/102.92 —21831.26 5.85 102.92 —2659.02
6.02 76.83 145.35 6.02 76.83 -—2375.81 6.02 76.83 —323.53
5.83 77.93 14548 5.83 77.83 -—2451.03 5.83 77.93 —365.01
5.9% 80.98 157.%4 5.99 80.98 -—2B835.36 5.99 80.98 —324.99
5.91 77.93 147.35 5.91 77.83 -—2451.03 5.91 77.93 —365.53
5.92 B82.68 152.62 5.92 82.68 —2490.34 5.92 82.68 —358.42
6.01 80.91 14848 6.01 80.891 —-4564.72 6.01 80.91 —353.60
5.92 76.38 146.25 5.92 76.38 -—2375.80 5.92 76.38 —323.36
6.02 77.93 145.05 6.02 77.93 -—-2451.03 6.02 77.93 —363.68
5.07 83.85 149.74 5.07 83.89 -—-6678.40 5.97 83.89 —341.98
5.02 86.88 15643 5.02 86.88 -—8792.08 5.92 86.88 —331.89
6.12 76.23 143.85 6.12 76.23 —-2475.06 6.12 76.23 —364.74
6.11 80.98 151.35 6.11 80.98 -—-2835.38 6.11 80.98 —326.35
6.03 83.96 155.36 6.03 83.96 -—4949.08 6.03 83.96 —315.98
6.05 89.31162.62 6.05 88.31 -95295.45 6.05 89.31 —296.47
5.97 52.91 166.51 5.97 92.91 —11290.11 5.97 92.91 —284.65
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And the other threes for IP + MR




Step Forward Multi Linear Regressions

% Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric =101

Eile Edit View Insert Format Tools GStatistics Data Help

DBEI 28|00 6 -~ @& -9 5 Mm% 3| mfow -

[sans ~-o-RArE|0me= 98 - %= -
[ @ & @+ = [suMmary ouTPUT
. ~ | B | c | D | E | F | G
SUMMARY OUTPUT {Response vanable RS =
2
3 | Regression Statistics
4 |multple R 0.91937513026079
5 R™~2 0.84525063014204
6 Standard Error 0.39397486517924
7 Adjusted R~2 0.82668070575908
& | Observations 29
a _
10 ANOVA
11 df S5 MSs F Significance of F
12 Regression 3/21.1950113656923 7.06500373856409 45.5171821226071 2.82079971524628E—010
13 Residual 25/3.28040485922496 0.155216194393
14 Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value " Lower 95% Upper 95%
17 intercept —23.80208339730 3.10798434250768 —7.658366572753 5.15812132000212E—-008 —30.2030969720504 —17.4010698225512
18 P 4.07242818164555 0.52421975621695 7.76855151555969 3.99603520849363E-008 2.99277738360157 5.15207897963954
19 w 0.49322489897487 0.22586418121859 2.18372384817194 0.03857769116353 0.028045901006902 0.95840008788072
20 MR 0.0119027643279%4 0.01684151636373 0.70675133577771 0.48625672532005 —0.0227329883219 0.04658851697778
21 q
4 Regression (3) |Regression (9) | sheet1 | sheet2 |Regression (10) |Regression (11) |Regression (12) |Regression (13) |Regression (1)  Regression (15) | » |—| —
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And build the seven triparametric models




Step Forward Multi Linear Regressions

% Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric =121 x|
Eile Edit View Insert Format Tools GStatistics Data Help
. ) A,z
NEE CG| %006 @« | @5 mi k| dowe -
ISans 'IID'@@|DDD@DBE By . %S - 4 - A -
IAl @ & @' = = [suMmaRY oUTPUT
A | B | c | D | E | F | G
SUMMARY OUTPUT [Response Varniable RS =
2
3 | Regression Statistics
4 |multiple R 0.91787211162008
5 R™2 0.84248921328991
6 Standard Error. 0.39747445385907
7 Adjusted R~2 0.8235879188847
& | Observations 29
9 —
10 |ANOVA
11 df S5 MS F Significance of F
12 |Regression 3 21.1257676B88753 7.04192256291767 44.5730961715316 3.51350437540209E—010
12 |Residual 25/3.94964853676424 0.15798594147057
14 Total 28/25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value " Lower 95% Upper 95%
17  |intercept —22.9103051384135 3.12042325720307 —7.34211459504019 1.083270184063941E—-007 —29.3371371385327 —16.4838731402944
13 |IP 4.0823438009047 0.531234267340906 7.68463960594302 4.85281876176919E-008 2.98824843675543 5.17644134505388
19 w 0.64761253157309 0.19826556494765 3.26638535885852 0.00315651362068 0.23927695687589 1.055594810626628
20 |SASA —0.00233972457511 0.01021622807493 —0.22902039362741 0.82071627039116 —0.02238044015915 0.018700991003594
21
<
1 Regression (14) lRegression(lE} Regression (18) lRegrEssinn(l?) lRegression(lS) lRagression(lg} lRegresswn(Zﬂ) lRegrEssicn(Zl} IP |—| Sum=0
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Step Forward Multi Linear Regressions

% Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric =101

Eile Edit View Insert Format Tools GStatistics Data Help

DBEI 28|00 6 -~ @& -9 5 Mm% 3| mfow -

[sans ~-o-RArE|0me= 98 - %= -

[ @ & @+ = [suMmary ouTPUT

e ~ | s | c | D | E | F | G

SUMMARY OUTPUT {Response vanable RS =

2
3 | Regression Statistics
4 |multple R 0.91779372625134
5 R™2 0.84234532394632
6 Standard Error 0.3976559629602
7 Adjusted R~2 0.82342676281988
& | Observations 29
5 |
10 |ANOVA
11 df S5 MSs F Significance of F
12 |Regression 321.1221596035722 7.04071936785741 44.5248091710865 3.55355920184728E—010
12 |Residual 25/3.95325662194501 0.1581302648778
14 Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value " Lower 95% Upper 95%
17  |intercept —23.06835340559 2.99862854379441 —7.692967991427 4.75995517532941E—-008 —29.24414440969226 —16.8925623142578
13 |IP 4.05603702187155 0.53610620613174 7.56573413155911 6.40070834234719E-008 2.95190562197269 5.16016842177042
19 w 0.64017720163657 0.19545041255275 3.20906245801492 0.00363431772472 0.225931900607942 1.05103535715371
20 TE 4.20096386E—006 2.49469434E—005 0.17200377809545 0.86481926103994 —4.708822690858E—005 5.5367016462E—005
21 q

1 Regression (14) lR gression (15) lR gression (16)  Regression (17) lRegression (18) lRagression (19) lRegressmn (20) lRegrEssicn (21) IP |—| Sum=0
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Step Forward Multi Linear Regressions

[ Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric =10l x|

File Edit View Insert Format Tools Statistcs Data Help

DUBEleal«nd|4 @ - | @ mi; | bwfow -

== ‘- A@E|000®o= ©®8 - %3 DL~ a-A-
|A1 @ # ¢ ~ = [summaryoutrur
[ 2 [ 5 [ : | F ] s
SUMMARY OUTPUT |response vanable RS -
2
32 |Regression Statistics
4 Multiple R 0.91997255702248
5 A2 0.84634950567447
6 Standard Error 0.39257356500248
7 Adjusted R~2 0.82791144635541
8 | observations 28
9
10 ANOVA
11 df 55 Ms F Significance of F
12 Regression 3 21.2225661270482 7.07418870901607 45.9023095125543 2.58152448871272E—010
13 Residual 25 3.85285009846905 0.15411400393876
14 Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value Y Lower 95% Upper 85%
17 Intercept —21.00497066704 3.9038664314478]1 —5.380555671125 1.39673266422564E—005 —29.0451340874092 —12.9648072466733
18 P 3.87297337817665 0.57470840268017 6.73903210761297 4.61167922794022E-007 2.68934426626531 ) 5.05661249008799
19 |w 0.5113515555%572 0.19143621517046 2.67113281121017 0.01310353726564 0.11708125005888 0.90562182113255
20 DH 0.00197715383419 0.00239437102872 0.22573081742642 0.41675629700302 —0.00295414560906 0.00690845327743
21
1
4 Regression (14) |Regression (15) |Reoression (16) |Regression (17)  Regression (18) |Regression (19) |Regression (20) |Regression (21) | » r| Sum=0
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Step Forward Multi Linear Regressions

[ Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric =10l x|

File Edit View Insert Format Tools Statistcs Data Help

DEEGalk 0|4~ @ - [@E ™5 5| mfow -
[sens o~ RAEA|BEDBs= |98 - ®a(bE| w4 - A-

|A1 @ # ¢ ~ = [summaryoutrur
e < o | : | G —

SUMMARY OUTPUT |response vanable RS -

2
32 |Regression Statistics
4 Multiple R 0.930294507384 265
5 R™2 0.86544787132221
6 Standard Error. 0.36736633654297
7 Adjusted R~2  0.84930161583087
8 | observations 29

8 |

_ 10 |AnNOovA

_ 11 | df 55 MS F Significance of F

__ 12 |Regression 321.7014655948522 7.23382186496407 53.6005313719128 4.96403320051664E—-011

_ 13 |Residual 25/3.37395063062503 0.134953025223

_ 14 |Total 28/25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value YLower 95% Upper 95%
17 Intercept —25.5541806822902 2.61478082168975 —9.77297235405616 5.08641309667451E—010 —30.9394225915613 —20.168938773019
18 P 4.63976084281580 0.47464398225434  0.77524421731669 5.06281839926264E—010 3.66221326253052) 5.61730842310127
19 |MR 0.1388%262202855 0.03393123830337 4.08335553234888 0.00038969353447 0.06900992860008 0.20877531545701
20 SASA —0.07126526122011 0.02344818134093 —3.03926603875767 0.00549348056003 —0.11955769468371 —0.02297282775651
21 A

4 Regression (14) |Regression (15) |Reoression (16) |Regression (17) |Regression (18)  Regression (19) |Regression (20) |Regression (21) | » r| Sum=0
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Step Forward Multi Linear Regressions

[E Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric =10x]

File Edit Vew Insert Format Tools Statistics Dstse  Help

NBEE A&l O[S ~ @& ~ |@ E /m & 3 | i fwox | -
== o -RWaE|000Bc=|9% - %4

|p.1 @ & ¢~ = [sumMaryoutPUT
__ | c | D | E | F G

SUMMARY QUTPUT {Response Variable RS =~
2
2 |Regression Statistics
4 |multiple R 0.90928297517243
5 R™2 0.82679552893842
6 Standard Error 0.4162805671937387
7 |Adjusted R~2 0.80601099241103
8 Observations 29
_ 9 |
_ 10 |ANOVA
11 df S5 MS F Significance of F
12 REgrESStbn 3 20.7322420215277 6.91074734050922 30.7793584595404 1.141882494827146E—-009
13 Residual 25 4.,34317420398958 0.17372696815958
14 Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value Y Lower 95% U
17 Intercept —27.9060560150851 3.0277237245918 —9.21684 359267643 1.61928437395792E—-009 —34.14176975375925% —21.670342
18 P 4.20517239877165 0.55347131795757 7.59728144889055 5.93805741308059E—-008 3.06527688159461 5.3450679
19 MR 0.070432044183343 0.02637803064221 2.67004170207962 0.01313653540738 0.01610387078008 0.1247570
20 TE 5.58017352867349E—005 4.42388554045174E—005 1.26363439247511 0.21801810719595 —3.520938891341316E—005 0.0001470
21
1) |
4 Regression (14) |Regression (15) |Regresson (16) |Regression (17) |Regression (18) |Regression (19)  Regression (20) |Regression (21) | » |—| Sum=0
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2 Rajesh.Teacher.NO-Normalized.gnumeric - Gnumeric Ol x|
File Edit View Insert Format Tools Statistcs Data  Help
v A, Z.
DEEI&&lea 3019~ @ -~ | @2 /m S S| i o]~
[5ans ~Ju - @WaE|EEE®=E o=|® 5 - % 3| A -
IAI @ & ¢ ~ = [summary output
| A | B | c | D | E | | 6
SUMMARY OUTPUT [Rresponse variable RS N
2
3 |Regression Statistics
4 |multiple R 0.90353582275065
5 R™~2 0.8163769329937
6 Standard Error. 0.42915841271113
7 |Adjusted R~2  0.79434222095294
8 |oObservations 29
9
10 ANOVA
11 df ss MS F significance of F
12 Regression 3204709926454989 £.82366421516631 37.0495030299709 2.35619727643141E—009
13 Residual 25 4.60442353001331 0.18417694320073
14 Total 28 25.0754162255172
15
16 Coefficients Standard Error t-Statistics p-Value Y Lower 95% Upper 95%
17 Intercept —25.2420591257467 £.38444095079169 —3.95368351937992 0.00055797571893 —38.3910614840635 —12.0930567674299
18 P 4.2808836684156 0.68251744425095 6.27219671009844 1.45353235803516E—006 2.87521267905382 5.686354653777739
19 MR 0.033838456270511 0.02484554614108 1.37463020376118 0.18144331720092 —0.01688295169575 0.08465207710597
20 DH 0.00122449759115 0.00413475224001 0.29614775446424 0.76956340741969 —0.00729118405324 0.00974017923553
21
41
4 Regression (14) |Regression (15) |Regression (16) |Regression (17) |Rearession (18) |Regression (13) |Regression (20)  Regression (21) | |—| Sum=0
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Triparametric models

S

2 | R~2

3 | P+W+ MR 0.84525063014204
4 | IP+ W+ SASA 0.84248921328991
5 | IP+W+TE 0.84234532394632
6 | IP+W+DH 0.84634950567447
7 |IP + MR + SASA 0.86544787132221
8 | IP+MR+TE 0.82679552893842
9 | P+MR+DH 0.8163769829937
L0

11

QSAR Pagina 85

From the results the best triparametric model is that with «IP» + «MR» + «SASA»



r

Prediction

0.6966998456292
0.44230836979316
0.59617463750167
0.76850826235235

1.3123476947723
0.94950061165168
1.634618046381808
2.04015579193459
1.66921236661669
1.49698046224425
2.1%9100931226055
2.17709706197328
1.68620957401509
2.83566723250474

2.6806857671476
1.96514567253849
2.22488712959675
2.193638445932408
2.53391156111041
2.98268844244182
2.11825324551683
2.86356754304214
3.14025077973549
2.831820645385324
3.14765902871825
3.23287998932635
3.018200838385974
3.34992206346706
3.20251957115419

QSAR

Triparametric models

RS
0.201
0.602
0.6989
0.6989
1.301
1.201
1.3979
14771
1.602
1.6939
1.2203

2.0791
2.0791
2.178
2.2041
2.301
2.3424
24771
2.574
2.602
2.8129
2.903
2.903

3.3424
34771
3.875
3.875

Residual Leverages Intemally studentized Externally studentized p-v
—0.39569984 56292 0.15990656393273 —=1.1752 —-1.1791
Oi‘\:nﬂn1 EANINE0A N OESEITAHAINIGIE Fig" O EAO0 sl K!‘BO

Ja
0. . * 76

—0. 25
—0j . 18
0. * 97

—0.4 7a

-0.9 ;| . 68

i * o5

3 H
*

—0. o C 11

—0.] 'S 33
O.‘ . . . 40

—0. 24 : 2
=0 . 75
0.3 * 59
0. 42
0.1 * L 54

-0 , | 52

—0.4 90
0.4 * * a7

—0. 5 14

—0.4 - 00
0. 05

-0Jo0 as
OE_‘ o 0!5 ]I. l|.5 2!5 é 35 03

. - A
0.45880916114026 0.07286085508795 1.2971 1.3125
0.52507793453294 0.11986408862865 1.5235 1.5577
0.67243042284531 0.16466634031334 2.0029 2.1083

The fitting plot can be made by the «Insert = Chart» menu
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Compare result with those published

SHCROSEPG T = 508109 x IP — 27.7204.

r* = 0.727709, rCV* = (0.713409, SE = 0.1177, SEE = 0.5028,
t-value = 8.4963, P-value = 0, DOF = 0.7177, n = 29.

SUCROSEPS), = 4.07088 x IP + 0.616562 x @ - 23.1215.

rr = 0.842159, rCV* = (0.805992, SE = 0.0833, SEE = 0.3829,
t-value = 12.0028, P-value = 0, DOF = 0.8363, n = 29.

SUCROSEPG = 4.63976 x IP + 0.138893 X MR —0.0712653 x
SASA - 25,5542,

r* = (.865448, rCV? = 0.816901, SE = 0.0759, SEE = 0.3536,
t-value = 13.1759, P-value = 0, DOF = 0.8604, n = 29.

Are the same!
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Comparing the results with those reported in the publication the
same results were obtained using data not normalized.
The same results are obtained either with normalized or autoscaled data!



