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2 LPRS log of product of row sums (PRS) Topological 21.2 1.1413 1.6181
3 MATSle Moran autocorrelation of lag 1 yvglghted by Sanderson 2D . 3026 .0.0406  1.4854
electronegativity autocorrelations
4 Mor29m signal 29 / weighted by mass 3D-MoRSE -5445.8 -0.1065  1.8875
5 R7m+ R maximal autocorrelation of lag 7 / weighted by mass GETAWAY -641.7 0.0058  1.4133
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LPRS MATS1e Mor29m R7m+
LPRS 1 -0.066 0.541 0.052
MATS1le -0.066 1 0.346 -0.5
Mor29m  0.541 0.346 1 -0.316
R7m+ 0.052 -0.5 -0.316 1
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No. Compound name K.l (Lit)? | K.I. (Cal.)? | Dif.¢ | RE.9%
Training set
1 a-Thujene 924 9445 205 1 55
2 a-Pinene 930 o118 | 8 | 45
3 Camphene 938 931.1 69 1 o7
4 Sabinene 958 9344 | 86| 5
5 | Dehydro-1,8-Cineole 973 10464 | 34| 75
6 n-Octanal 973 9244 | 86| 5
7 Myrcene 975 996.7 Y
8 a-Phellandrene 995 997.9 2.9 0.3
9 a-Terpinene 1002 10022 | 02 0
10 p-Cymene 1003 10238 | 208 | 1
11 Limonene 1009 9988 | 102 | 4
12 cis-B-Ocimene 1017 9792 | 378 | 37
13 | trans-p-Ocimene 1027 10204 | 24 0.2
14 y-Terpinene 1035 10208 | 42| 14
15 | trans-Sabinene hydrate | 1037 1226 | 86 | g3
16 Terpinolene 1064 10031 | 909 | 57
17 | cis-Sabinene hydrate 1066 11303 | 943 6
18 n-Nonanal 1073 10674 | 28 | .05
19 Linalool 1074 10073 | 283 | 22
20 allo-Ocimene 1110 10563 | 237 | 48
21 | cis-p-Menthen-I-ol 1110 11287 | BT | 17
22 | Hexyl isobutyrate 1127 12138 | 868 | 77
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2.7

23 Terpinene-4-ol 1148 1150.7 0.2
24 a-Terpineol 1159 1130 29 | 5
25 Nerol 1206 11942 | 18

26 Citronellol 1208 17 | B3| o9
27 | Hexyl 2-Methylbutyrate | 1222 12729 | 99 | 42
28 Geraniol 1236 11942 | 81 34
29 5-Elemene 1332 13814 | 94 | 37
30 a-Cubebene 1345 13855 | 40 3

31 B-Elemene 1388 14196 | 316 | 23
32 a-Gurjunene 1400 14015 1.5 0.1
33 B-Caryophyllene 1414 1415.9 1.9 0.1
34 Aromadendrene 1428 1405.2 -22.8 -1.6
35 trans-o-Bergamotene 1434 1410.7 -23.3 -1.6
36 a-Humulene 1447 14855 | 383 | 27
37 allo-Aromadendrene 1454 1355.4 ~98.6 -6.8
38 Germacrene-D 1474 1487 13 0.9
39 Valencene 1477 14463 | 307 | 54
40 | Bicyclogermacrene 1487 13769 | 1101 74
41 | o-trans-trans-Farnesene 1500 1624.6 124.6 8.3
42 Calamenene 1505 15179 | 29 1 o9
43 5-Cadinene 1505 1458 AT 31
44 Globulol 1566 1570 4 0.3
45 Viridiflorol 1569 15144 | 246 | 35
46 Guaiol 1575 156710 | 9 | 05
47 5-Cadinol 1618 16683 | 03 | 31
48 a-Eudesmol 1634 1599.7 | 343 | 1
49 Benzyl benzoate 1701 16601 | 09 | 4
50 Benzyl salicylate 1790 1748.3 -4L7 -2.3
51 | Phenylethyl salicylate 1966 1973.2 7.2 0.4
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Test set

1 B-Pinene 963 981.2 182 | 19
2 B-Phellandrene 1005 994.8 -10.2 1

3 | trans-p-Menth-2-en-l-ol | 1095 11242 | 202 | 27
4 | Methyl citronellate 1245 13521 | 1071 | 86
5 a-Copaene 1375 14832 | 1082 | 79
6 B-Gurjunene 1426 14136 | -124 | 09
7 B-Selinene 1476 14253 | 507 | 34
8 y-Cadinene 1500 14816 | -184 | L2
9 T-Cadinol 1616 16497 | 337 | 21
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4667150.0829 318.5275 352433.5929 0.1546 13.2426 368413.5931  302.5107

e s Sl B Sl o g (o bl sltel (Sason s 1 5 siden (5 S Sl gummn (2 (s e Soble il Sl o o o ke (00 s (g0l B a1 pamn (U
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OB e Dsltr 55 s ol J oS0 g0 (oS o 5 V B Y Jols (glaas gazen ckio 1310 5 Lasmn )3 e
Aol 03, 5T ladus sl JolS” Ol o 5 Sluaseine
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2 2
Model Descriptor Name(s) R Q

number Trainingset Testset Q2LOO Q%LGO
1 _ - — - -
2 _ - — - -
3 LPRS; Morl8v; R3v 0.9338 09775 0921 0.912
4 LPRS; MATS2e; GATS8e; Mor24e 0.9397 0.9761 0.901 0.882
5 LPRS; MATS2e; GATS8e;Morlle; R4p+ 0.9513 0.9678 0.922 0.910
LPRS; MATS2e;SP12;RDF060m:;
6 Mor32u-Mor22m 0.946 0.9865 0.920 0.898
7 LPRS;MATS4p; Morl8v; Morl2e; 0.962 0.9739 0920 0912

R7m+;R3v; Rle+
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Linear Model 1 (3 molecular descriptors)

No. Symbol Descriptor description group Descriptor Coefficient 2;'::(; VIF
Intercept - - 388.7963 - -
LPRS log of product row sums (PRS) topological 17.6513 0.934 1.446
3 Morlgy  SD-MORSE - signal 18 / weighted by 3D-MORSE - 143.4047 0036  1.249
atomic van der Waals volumes
4 R3v R autocor_relatlon of lag 3 / weighted by GETAWAY 470196 0.031 1.475
atomic van der Waals volumes
Linear Model 2 (4 molecular descriptors)
1 Intercept - - 430.6207 - -
2 LPRS log of product row sums (PRS) topological 19.0013 1.056 1.058
3 MATS2e Moran aqtocorrelatlon -lag2/ wel.ght.ed 2D _ -386.9065 -0.037 1.088
by atomic Sanderson electronegativitie autocorrelations
4 GATS8e Geary aL_JtocorreIatlon -lag 8/ Wel_ght_ed 2D _ -20.9688 -0.018 1.540
by atomic Sanderson electronegativities autocorrelations
5  Mor2de  SD-MORSE -signal 24 / weighted by 3D-MORSE - 14.0612 0000 1550
atomic Sanderson electronegativities
Linear Model 3 (5 molecular descriptors)
1 Intercept - 473.1039 - -
2 LPRS log of product row sums (PRS) topological 19.2497 1.127 1.076
3 MATS2e Moranautocorrelation - lag 2 / weighted 2D -394.9530 -0.040 1.082
by atomic Sanderson electronegativitie autocorrelations
Geary autocorrelation - lag 8 / weighted 2D ) )
4 GATS8e by atomic Sanderson electronegativities autocorrelations 25.1673 0.023 1.305
5  Morlle  SD-MORSE -signal 11/weighted by 3D-MoRSE - 48.3640 005 1.024
atomic Sanderson electronegativities
6  Rap+ R maximal autocorrelation of lag 4 / GETAWAY - 342877 0004 1371
weighted by atomic polarizabilities
Linear Model 4 (6 molecular descriptors)
1 Intercept - - 395.0259 - -
2 LPRS log of product row sums (PRS) topological 22.0531 1.175 5.238
3 MATS2e Moranautocorrelation - lag 2 / weighted 2D - 434.8939 -0.040 1.461
by atomic Sanderson electronegativitie autocorrelations
Randic molecular
4 SP12 shape profile no. 12 profiles -14.7261 -0.057 2.372
5  RDFOG0M Radial _Dlstrlbutlon Fu_nctlon -6.0/ RDF - 24.0879 -0.034 3911
weighted by atomic masses
6 Mor32u 3D-MOoRSE - signal 32 / unweighted 3D-MoRSE 4.7085 -0.001 1.846
7 Morzam  SD-MORSE -signal 22 / weighted by 3D-MoRSE -2740886  -0043 1500
atomic masses
Linear Model 5 (7 molecular descriptors)
1 Intercept - - 622.846 - -
2 LPRS log of product row sums (PRS) topological 17.901 1.291 2.580
3 MATS4p Moran autocorrglatlon - Iag_4 / weighted 2D _ -81.381 0.014 1.469
by atomic polarizabilities autocorrelations
4 Morigy  SD-MORSE -signal 18 /weighted by 3D-MORSE -80.698 0028  1.918
atomic van der Waals volumes
3D-MoRSE - signal 12 / weighted by ) )
5 Morl2e atomic Sanderson electronegativities 3D-MoRSE 19.045 0.036 2.195
6 R7m+ R maximal autocorrelation of lag 7/ GETAWAY -3248.092 -0.010 1315
weighted by atomic masses
7 R3v R autocor_relatlon of lag 3 / weighted by GETAWAY -11.856 0.011 2031
atomic van der Waals volumes
R maximal autocorrelation of lag 1/
8 Rle+ weighted by atomic Sanderson GETAWAY - 548.037 -0.277 1.454

electronegativities
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Model Linear Model Form
number

R1 =388.7963(+47.7) + 17.6513(+0.9) x LPRS - 143.4047(+43.6) x Mor18v +

! 47.0196(+87.0)x R3v
RI = 430.6207(34.4) + 19.0013(+0.7) x LPRS -386.9065(123.7) x MATS2e - 20.9688
2 (+10.4)x GATS8e - 14.0612(+40.7) x Mor24e
RI = 473.1039(43.0) + 19.2497(20.7) x LPRS - 394.9530(+112.1) x MATS2e -
3

25.1673(+8.7) x GATS8e - 48.3640 (+14.8) x Mor1lle - 34.2877(+325.2) x R4p+
RI = 395.0259(43.8) + 22.0531(+1.5) x LPRS - 434.8939(+138.6)  MATS2e -
4 14.7261(6.6)x SP12 - 24.0879(14.1) x RDFO60m + 4.7085 (+60.5) x Mor32u -
274.0886(+91.4) x Mor22m
RI = 622.846 (+94.6) + 17.901(20.9) x LPRS - 81.381(+111.2) x MATS4p -
5 80.698(+42.8) x Mor18v + 19.045(+22.6) x Mor12e -3248.092(+637.8)  R7Tm+ -
11.856(80.9) x R3v - 548.037(+213.3) R1e+
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LPRS Morl8v R3v

LPRS 1 -0.216  0.439

Morl18v -0.216 1 0.256
R3v 0439 0.256 1

GA-MLR 954 (95 S 0bS bl Olus™ 5 (50010 (5 g St o 33 00 319 (S0 Lanogi £ (S (i §b I Jou

LPRS MATS2e GATS8e Mor24e
LPRS 1 0.216 0.035 -0.014
MATS2e 0.216 1 -0.055 0.103
GATS8e 0.035 -0.055 1 0.577
Mor24e  -0.014 0.103 0.577 1

GA-MLR 5954 (595 <SSum ol pwilul Olus™ 5 (50318 (6 g Stin Joho 33 00 3519 (S0 Lanogi 0 ( Shwspd (i Sl .V Jau

LPRS MATS2e GATS8e Morlle R4p+

LPRS 1 0.216 0.035 -0.101  0.124

MATS2e 0.216 1 -0.055 -0.020 0.194

GATS8e 0.035 -0.055 1 0.061 -0.474

Morlle -0.101  -0.020 0.061 1 -0.123
R4p+ 0.124 0.194 -0.474 -0.123 1

GA-MLR (94 s 3 S obs™ _pilwl Olus™ i (50818 (8 g oatiie S 38 0l 3519 (SO Lanogi 1 (S s o VY Jgus

LPRS MATS2e SP12 RDFO60m  Mor32u  Mor22m
LPRS 1 0.216 0.301 0.794 -0.469 0.273
MATS2e  0.126 1 -0.398 0.305 -0.258 0.234
SP12 0.301 -0.398 1 0.184 0.230 -0.365
RDF060m  0.794 0.305 0.184 1 -0.245 0.205
Mor32u  -0.469 -0.258 0.230 -0.245 1 -0.193
Mor22m  0.273 0.234 -0.365 0.205 -0.193 1
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LPRS MATS4p Morl8v Morl2e R7m+ R3v Rle+

LPRS 1 0.236 -0.216 -0451 0.054 0439 -0.518
MATS4p  0.263 1 -0.125 -0.142  -0.145 -0.256 -0.226
Mor18v  -0.216 -0.125 1 -0.366  0.238 0.256  0.026
Morl12e -0.451 -0.142 -0.366 1 0.143 -0.506  0.334
R7m+ 0.054 -0145 0.238 0.143 1 0.029  -0.083

R3v 0.439 -0.256 0.256 -0.506  0.029 1 -0.312
Rle+ -0.518 -0.226 -0.026 0334 -0.083 -0.312 1
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Abstract

In this article, a detailed description of the linear models capable of predicting the inhibition indices of a large
group of natural compounds identified in the essential oil of Pittosporum undulatum, as one of the medicinal
plants, has been discussed. In this regard, the work is based on quantitative structure retention relationship
(QSRR), which is of prime importance in scientific resources to establish a logical and meaningful relationship
between the Kovats index as a dependent variable and a group of molecular descriptors as independent
variables. In this regard, after drawing the structure of the natural compounds using the Hypercam software and
optimizing their molecular structures, Dragon software was used to extract the relevant molecular descriptors. In
the next step, after removing irrelevant and redundant descriptors, a group of important and effective descriptors
were identified and their linear relationship with the Kovats retention index was discussed and investigated
using stepwise multiple linear regression method as well as another variable selection method based upon
genetic algorithm feature selection approach. The obtained results indicate the high capability of the presented

models to predict the Kovats index of a wide group of natural compounds.

Keywords: Quantitative structure retent relationship (QSRR), multiple linear regression, molecular descriptors, genetic
algorithm, Kovats retention index, Pittosporum undulatum.
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