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A B S T R A C T

The field of Quantitative Structure-Activity Relationship (QSAR) relies heavily on molecular descriptors. Among
various guidelines suggested by Organisation for Economic Co-operation and Development (OECD), a very
important guideline demands the mechanistic interpretation of a QSAR model. For this, a very attractive idea is to
build a QSAR model using easily understandable molecular descriptors. To address this important issue, in the
present work, we present an innovative chem-informatics tool, PyDescriptor. It can calculate a diverse pool of
11,145 molecular descriptors comprising easily understandable 1D- to 3D- descriptors encoding pharmacophoric
patterns, atomic fragments and a variety of fingerprints. It is a new Python based plugin implemented within the
commonly used visualization software PyMOL. PyDescriptor has several advantages like easy to install, open
source, works on all major platforms (Windows, Linux, MacOS), easy to use through graphical user interface (GUI)
and command-line, and output is saved in comma separated values (CSV) file format for further QSAR procedure.
The plugin is freely available for academia.
1. Introduction

Computer Aided Drug Designing (CADD) has advanced with in-
novations in its thriving branches viz. Quantitative Structure-Activity
Relationship (QSAR), molecular docking, pharmacophore modelling.
The field of QSAR is among the oldest branches of CADD with its
emphasis on prediction of activity/property (quantitative QSAR) and
determination of pharmacophoric features or mechanistic interpretation
(qualitative QSAR) [1–4].

Structure drawing and optimization, molecular descriptor calcula-
tions, model building and model validation are four basic steps of a
typical QSAR analysis [5–8]. Molecular descriptors, which are used to
represent the structural features in terms of numbers, encode valuable
information about structure or patterns in the molecular struc-
tures [9–16].

Molecular descriptors have occupied unique place in chemistry,
pharmaceutical sciences, quality control, etc. to provide valuable repre-
sentation of molecular features in numerical and computational form for
further evaluations [9–18]. With the progress of QSAR field, the types of
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descriptors have changed from simple and easily interpretative like
number of carbon atoms, number of nitrogen atoms, logP, etc. to very
complex descriptors like WHIM, BCUT, 3D-MoRSE, RDF, GETAWAY, and
others [17,18]. These molecular descriptors are mostly classified as 1D-,
2D- and 3D- descriptors. The 1D- molecular descriptors represent bulk
properties of compounds, such as the number of particular atoms, mo-
lecular weight, etc., and can be computed using molecular formula. 2D-
molecular descriptors characterize structural information that can be
calculated from 2D- structure of a molecule, such as the number of rings,
the number of hydrogen bond acceptors, etc. 3D- molecular descriptors
stand for structural information that has to be obtained from 3D- struc-
ture of a molecule, such as solvent accessible surface area with negative
partial charge in the structure [17,18].

Manual calculation of descriptors like 3D-MoRSE, WHIM, BCUT, and
similar complex (or esoteric [5]) descriptors was a very time consuming
and laborious process [1,9–12,15,16]. To overcome this difficulty,
computer programs were developed for computing descriptors either as
independent software or as a part of QSAR software. The rapid de-
velopments in the field of computers and algorithms havemade exact and
health organisation; ADMET, Absorption, Distribution, Metabolism, Excretion and Toxicity;
MLR, Multiple linear Regression; OFS, Objective Feature Selection; SFS, Subjective Feature
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precise calculations of theoretical molecular descriptors possible in
shorter time and cost-effective [1,9–12,15,16]. At present, there are
many free and commercial softwares like Dragon (Talete) [17,18], PaDEL
[19], MOE [20], Schrodinger [21], ChemDes [22], etc. which can
calculate a variety of molecular descriptors viz. 1D- to 3D-, constitutional,
topological, fingerprints. Some of these have been developed exclusively
for the calculation of molecular descriptors only such as
PaDEL-Descriptor [19], ChemDes [22], etc. while others are QSAR soft-
wares which have descriptor calculation as one of their features (e.g.,
CODESSA Pro [23], Accelrys Discovery Studio [24], Sybyl-x [25], MOE
[20]). Also, there are some open source libraries, such as JOELib [26,27],
Chemistry Development Kit [28], and Chemical Descriptors Library [29],
to name a few, which have molecular descriptor calculation function-
ality. It is reasonable that a good descriptor calculation software should
have following features [19]:

1. Free or low-priced so that it is easy to purchase it.
2. Open source so that researchers could introduce their specific mo-

lecular descriptor calculations.
3. Has an easy to use graphical user interface (GUI).
4. Independent of operating system.
5. Possibly processes different molecular file formats like mol2, mol, sdf,

etc.
6. Ability to compute numerous types of molecular descriptors.

A careful analysis of various currently available molecular descriptor
calculating softwares reveals that many softwares lack one or more above
mentioned features, besides, having its own advantages and limitations.
An important area of research in the field of molecular descriptors is
introduction of new descriptors or improvements in existing descriptors
with easy correlation in terms of structural and pharmacophoric patterns
[1,10–16,22,28,29]. Therefore, the field of molecular descriptors is dy-
namic and open for future developments like introduction of new soft-
wares with ease of use and better user control functionalities, new
descriptors with enhanced abilities to capture structural features
[1,10–16,22,28,29].

Among various guidelines suggested by Organisation for Economic
Co-operation and Development (OECD), a very important guideline de-
mands the mechanistic interpretation of a QSAR model. For this, a very
attractive idea is to build a QSAR model using easily understandable
molecular descriptors. Unfortunately, the physical correlation of esoteric
descriptors like WHIM, GETAWAY, RDF, etc. with one or more structural
features/patterns is very complicated and an active area of qualitative
and quantitative QSAR [5]. Therefore, there is need for introduction of
easily understandable molecular descriptors. In the present work, we
present a new PyMOL plugin, PyDescriptor, which has capacity to calcu-
late 11,145 easily understandable molecular descriptors. It is a new
chem-informatics tool which transforms a variety of structural features
and local environment of a molecule to understandable 1D- to 3D- de-
scriptors, which include encoding pharmacophoric patterns,
atom-centred descriptors and a variety of fingerprints. These descriptors
are either available in costly commercial softwares or in operating system
dependent free softwares, thereby restricting their wide use. PyDescriptor
possesses many advantageous features and plethora molecular de-
scriptors, which justify its usefulness and wide acceptance in the field of
QSAR and allied areas.

2. Experimental details

2.1. Plugin design and availability

PyDescriptor has been written in the object-orientated programming
language Python 2.7.10 (64 bit) as a plugin for the three-dimensional
molecular viewer PyMOL 1.8.2 and higher versions (Schr€odinger, LLC.
http://www.pymol.org/). Therefore, the advantages and limitations of
Python 2.7.10 and PyMOL are associated with this plugin also. PyMOL
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is a widely-used software proficient in rendering and ray-tracing high
resolution molecular representations in publication quality [30]. Due
to availability of an open-source version of PyMOL, it is an attractive
choice for academic and educational use [30]. Apart from visualiza-
tions of molecular structures, PyMOL has emerged as a calculation
software due to availability of different open source plugins for a va-
riety of purposes for example APBS for electrostatic map calculation,
CAVER for calculation and visualization of tunnels, MIPTOOL for LogP
calculation, DYNAMICS for molecular dynamic simulations with Gro-
macs, a few to mention [30]. In addition, LIQUID is an open source
plugin for PyMOL, which is capable of generating pharmacophore
model for a molecule. The output of LIQUID is available in the form of
spheres and ellipsoids in the 3D- viewer of PyMOL [31]. Though,
PyDescriptor uses the framework of PyMOL, it has been fully coded by
our group. Practical information, such as a user guide/manual and
application notes, along with the plugin ‘PyDescriptor’, are available
free of charge from authors.

2.2. System requirements and installation

In order to use PyDescriptor, a working installation of PyMOL version
�1.8.2 on a standard Linux or Windows or MacOS installations with
Python 2.7.10 is essential. PyDescriptor can be used without any de-
pendencies i.e. there is no need to install any other module or software.
At present, the plugin has been built to use MOL2 file format containing
single molecule only. MOL2 format has the benefit of storing all the
essential information for atom type, position, partial charges, and con-
nectivity. In addition, it is also a well-known standardized format that
many programs can read. It is one of the few public formats capable of
supporting both a chemically-accurate description of small organic
molecules as well as protein or nucleic acid also. Other formats for rep-
resenting molecular structure have to be converted to an MOL2 file
format for use in PyDescriptor. For this purpose, users can use open-source
programs (e.g. Open babel, Avogadro) to convert other file formats into
MOL2 format. While using MOL2 file format, all atom-typing and atomic
partial charges assignments need to be performed correctly with all
hydrogen atoms added. After successful completion of the descriptor
calculations, the molecular descriptor values are automatically saved in
CSV file format.

2.3. Parsing and calculations

PyDescriptor performs the main task of reading the MOL2 files and
calculating the molecular descriptor value for all the MOL2 files
located in the folder (for windows users, C:\PyDescriptor). As shown
in Fig. 1, when the user clicks ‘Compute descriptors’, the plugin ex-
ecutes the calculation of molecular descriptors. The values for all the
molecular descriptors are entered and automatically saved iteratively
into the CSV columns along with the name of MOL2 file in the
first column.

The following set of codes is used to read MOL2 files:

PyDescriptor Protocol:

� Read all the MOL2 files from a particular folder (for windows users,
C:\PyDescriptor)

� Calculate the molecular descriptors for all the molecules in the given
folder

� Read the name of the files and enter in the CSV file together with their
corresponding descriptor values

http://www.pymol.org/


Fig. 1. GUI for PyDescriptor plugin loaded with a 3D molecule.
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2.3.1. Descriptors calculation speed experiments
A straightforward comparison of the descriptor calculation speed of

different softwares in a strict way is hard as the number and types of
descriptors calculated by each software are different [19]. Therefore, all
experiments for calculating the speed of descriptor calculations were
accomplished only for PyDescriptor using Windows 7 (64 bit) on two
different computers with varying architectures. Each experiment was
repeated five times and the average of the total time needed to complete
the calculation has been reported. Python's “timeit” module was
employed for the measurement of calculation time. The details of com-
puters and data set are as following:

1. Computer-1: Windows 7 (64 bit) operating system installed on a
Lenovo G560 system with Intel® Pentium® P6100 2.00 GHz processor
with 3 GB RAM.

2. Computer-2: Windows 7 (64 bit) operating system installed on a
Dell system with Intel i7 2.00 GHz processor with 8 GB RAM.

Data set: The data set contains a diverse set of 1290 molecules as
reported by Xu et al. [32]. The data set was converted from the SMILES
flat file representation to individual MOL2 file using OpenBabel 2.4.0
using MMFF94 for structure optimization.

2.3.2. Derivation of interpretable QSAR
As the present plugin calculates 11,145 molecular descriptors, a very

logical question can arise about the possibility of using these descriptors
for developing scientifically interesting new, better and interpretable
models as well as about the diversity of pool of descriptors calculated by
PyDescriptor.

In majority of situations, a small dataset is available to a QSAR
researcher for building the models. Hence, to address these issues, new
QSAR models were built and statistically compared for two datasets of
small size using the molecular descriptors calculated by PyDescriptor.

Dataset 1. It comprises a small dataset of sixty phosphoramidate and
phosphorothioamidate analogues of amiprophos methyl reported as anti-
malarial [33].

Dataset 2. This dataset encompasses ninety-seven substituted phenyl
4-(2-oxoimidazolidin-1-yl) benzenesulfonates exhibiting anti-
14
proliferative activity [4].

2.3.3. Procedure for QSAR model development
For QSAR model development, OECD guidelines were followed to

ensure internal and external predictive ability with mechanistic inter-
pretation. The procedure mentioned in development of QSAR model for
dataset 1 and 2 has been followed to assure reproducibility of results and
fair comparison [4,33]. That is, the training and prediction sets were kept
identical with the training and prediction sets as in the respective original
publication [4,33]. In addition, statistically robust multiple QSARmodels
were also developed by changing the composition of training and pre-
diction sets. These multiple models are available in supporting infor-
mation. In general, the structures were drawn and optimized using
MMFF94, followed by calculation of molecular descriptors using PaDEL,
e-Dragon and PyDescriptor. The next step comprises elimination of highly
correlated (jRj > 0.90) and constant variables (>95%). Subjective feature
selection was used to build the statistically robust OLS QSAR models
using genetic algorithm (GA) in QSARINS-Chem 2.2.1 [34,35] using
Q2

LOO as the fitness function. The exhaustive search of optimum number
and set of descriptors was performed till there was improvement in the
value of Q2

LOO. Th e GAmodule of QSARINS-Chem 2.2.1 does not require
a prior knowledge of important descriptors, that is, an important
descriptor may or may not be in the final QSAR model [34,35].
Exhaustive internal as well as external validation along with Y-scram-
bling and analysis of Applicability Domain (AD) byWilliams plot [34,35]
for all the developed models were performed using QSARINS-Chem 2.2.1
to reject over-fitting and spurious models. Various parameters for inter-
nal and external validation includes: determination coefficient R2, leave-
one-out (LOO) cross-validation Q2, leave-many-out (LMO) Q2

LMO, coef-
ficient of determination for Y-scrambling R2

Yscr, root mean squared error
(RMSE), RMSEex, MAEex, R2

ex, Q2
F1, Q2

F2, Q2
F3, and CCCex. The mean

value of Q2
LMO has been reported.

3. Results and discussion

Molecular descriptors occupy a unique place in QSAR. The success of
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QSAR models not only lies on accurate set and number of descriptors
with proper validation but on correct correlation and interpretation of
molecular descriptors in terms of structural features also [5]. Many a
time, the QSARmodels are derived using a set of esoteric descriptors only
[5,7,33,36,37]. This substantially limits the use of a properly validated
QSAR model by synthetic chemists, to whom the descriptor calculating
software is not available, or he/she is unable to correlate structural
feature with a specific descriptor, or has little knowledge of QSAR field
[5,7,33,36,37]. Therefore, the molecular descriptors involved in an
appropriately validated QSAR model must be understandable in terms of
structural features and the descriptor calculating software must be
available either free or at very low cost. To address this crucial issue, we
have developed PyDescriptor. The sole purpose of PyDescriptor is to
facilitate calculation of easily understandable molecular descriptors.

This PyMOL plugin possesses following merits: easy to operate,
reproducible results, calculates thousands of molecular descriptors
(11,145 descriptors), calculates unique molecular descriptors which are
either available in commercial or operating system dependent free soft-
wares, the results are directly saved in a CSV file, and free for academia.
In addition, molecular descriptors are easily and rapidly calculated with
no missing values, a common difficulty with many existing commer-
cial systems.

3.1. PyDescriptor descriptors

PyDescriptor computes 11,145 easily understandable molecular de-
scriptors using conventions and idioms used in PyMOL. The molecular
descriptors that are calculated using this plugin possess a value that is
independent of the particular characteristics of the molecular represen-
tation, such as atom numbering or labelling, spatial reference frame,
translational invariance and rotational invariance, etc. The descriptors
possess following additional advantages: easy interpretation in terms of
structural moieties, applicable for representing local environment or
structure, simple to understand, independent of experimental properties,
efficient construction possible, use of familiar structural concepts,
conformation dependent, and change according to continuing modifi-
cation in structures. A majority of descriptors calculated by the present
plugin are information-based descriptors i.e. encode the information
stored in molecular structures. It can calculate 1D- descriptors like mo-
lecular weight, number of atoms, etc., 2D- descriptors like charge de-
scriptors, H-bond donor acceptors, 2D- fingerprint, etc. and 3D-
descriptors like charged partial surface area, three-dimensional auto-
correlation (3DA) descriptors, etc. A majority of 2D- and 3D- descriptors
calculated by PyDescriptor represent the relative position of atoms or
atom properties by calculating the separation between atom pairs in
terms of number of bonds (2DA) or Euclidean distance (3DA) [38].

A very important feature of PyDescriptor is its ability to calculate a
good number of circular fingerprints (CFP) [39], extended connectivity
fingerprints (ECFP) [40], and their variants. These fingerprints are
extensively used in high-throughput screening (HTS), similarity search-
ing, including chemical clustering and compound library analysis, etc.
[39] [40] These fingerprints can capture rich local structural information
available in a molecule. For example, O_N_5A is a circular fingerprint
descriptor calculated by PyDescriptor. O_N_5A, which stands for the
presence of N atoms within a spatial distance of 5 Å from O atom, looks
for the N atom(s) within the radius of 5 Å whose center is O atom.
PyDescriptor not only counts ECFP/FCFP/CFP but it can calculate several
ECFP/PFP/Circular fingerprints inspired 'specific' descriptors containing
additional features such as partial charges, frequency of connected or
non-connected atoms or functional groups, etc. For example, O_N_5Ac
stands for sum of partial charges on N atoms which are within 5 Å from O
atom. Another example is O_N_7Bc which corresponds to sum of partial
charges on N atoms which are within seven bonds from O atom.

As PyDescriptor is a software plugin dedicated for molecular
descriptor calculations only, henceforth its comparisons shall only be
made with other similar dedicated software instead of comparing it with
15
general QSAR software. For comparison purpose, molecular weight,
average molecular weight and number of atoms for simple organic
molecules calculated by PaDEL, e-Dragon and PyDescriptor have been
tabulated in Table 1. From Table 1, it is clear that the values of molecular
descriptors calculated by PyDescriptor are in good agreement with the
values for same descriptors calculated by PaDEL and e-Dragon.

PyDescriptor has numerous benefits that are generally associated with
existing open and free dedicated molecular descriptor calculation soft-
ware. Being free will broaden the easy availability of the software to a
good number of users and open source will permit users to easily check
the code and amend it to suit their requirements. This could possibly help
in the recognition of errors/bugs and increase the number of molecular
descriptor calculation abilities. Since PyDescriptor is a plugin built within
the framework of PyMOL, the users of PyDescriptor must also agree with
the respective licenses of PyMOL and Python. Another important
advantage of PyDescriptor is that it can work on any platform on which
PyMOL 1.8.2 and Python 2.7 have been installed. This allows it to run on
the three major platforms, Windows, Linux, and MacOS.

In addition, PyDescriptor can be used not only through GUI but using
command line (via PyMOL) also. Having both GUI and command line
options for running PyDescriptor is important, as the GUI will cater the
need of a large number of users while the command line is useful for
those who need to run PyDescriptor in computer clusters for
big databases.

At present, a major caveat of PyDescriptor is its inefficiency to calcu-
late graph-based topological descriptors; work is in progress to overcome
this limitation. However, to our knowledge, no simple, freely available
Python and PyMOL tool is available that can easily perform molecular
descriptor calculation using PyMOL (see Table 2).
3.2. Descriptor calculating speed

For a data set of 1290 molecules, computer-1 and computer-2 took
19406.00 (15.04 s per molecule) and 8845.56 (6.86 s per molecule)
seconds, respectively. Thus, it is clear that PyDescriptor works well on a
computer with high computational abilities. We clarify that PyDescriptor
has not been optimized for speed. As PyDescriptor is open source, users
can modify it for speed and their specific use.
3.3. Developing new QSAR models

According to OECD guideline, “mechanistic interpretations of (Q)
SARs begin with the number and the nature of the molecular descriptors
used in the model”. According to Johnson [41,42], a QSAR modeler must
always keep in mind that mechanistically interpretable models are more
likely to define causative relationships and are less liable to be the result
of chance correlations. Therefore, understanding of the meaning of de-
scriptors is very important during QSAR interpretation step. The mech-
anistic interpretation of a QSAR model helps to develop “action plan” by
a decision maker, for example a medicinal chemist [43]. Since, many
easily understandable descriptors calculated by PyDescriptors are able to
provide useful information about local environment in the molecule and
capture specific pharmacophoric patterns, deriving new QSAR models
using descriptors calculated by PyDescriptors will be beneficial in mech-
anistic interpretation of QSAR model and in decision making.

1. QSAR modelling for anti-malarial activity of phosphoramidate
and phosphorothioamidate analogues of amiprophos methyl
[33]

Recently, our group published [33] multiple properly validated QSAR
models for anti-malarial activity of phosphoramidate and phosphor-
othioamidate analogues of amiprophos methyl using understandable
molecular descriptors for the best model (termed as Old Model 1 in the
present work).



Table 1
Comparison of different molecular descriptors calculated by PaDEL, e-Dragon and PyDescriptor.

S.N. Molecule Molecular Weight Number of rings Number of Atoms

PaDEL e-Dragon PyDescriptor PaDEL e-Dragon PyDescriptor PaDEL e-Dragon PyDescriptor

1 Acetylene 26.01565 26.04 26.03728 0 0 0 4 4 4
2 Aniline 93.05785 93.14 93.12648 1 1 1 14 14 14
3 Benzene 78.04695 78.12 78.11184 1 1 1 12 12 12
4 Benzimidazole 117.04530 118.15 118.13590 2 2 2 14 15 15
5 Cyclohexane 84.09390 84.18 84.15948 1 1 1 18 18 18
6 Cyclopropane 42.04695 42.09 42.07974 1 1 1 9 9 9
7 Ethane 30.04695 30.08 30.06904 0 0 0 8 8 8
8 Ethene 28.03130 28.06 28.05316 0 0 0 6 6 6
9 Naphthalene 128.06260 128.18 128.1705 2 2 2 18 18 18
10 Phenol 94.04186 94.12 94.11124 1 1 1 13 13 13
11 Propane 44.06260 44.11 44.09562 0 0 0 11 11 11
12 Pyridine 80.05002 79.11 79.09990 1 1 1 12 11 11

Table 2
A representative list of different types of molecular descriptors calculated by PyDescriptor (see supporting information for complete list).

S.N. Type of Molecular Descriptor Some examples of Molecular Descriptor Total Number

1 Constitutional
� Functional groups
� Molecular weight
� Simple Atom counts
� Ratio of various types of atoms

Molecular weight, Average Molecular weight, -OH, 3� Amine, number of atoms, total
number of bonds, total number of rings, etc.

235

2 Geometric
� Molecular surface area (MSA)
� Solvent accessible molecular surface area (SASA)
� Ratio of MSA and SASA of various types of atoms

Molecular Surface area and Solvent accessible molecular surface area of molecule,
positively/negatively/neutral atoms, etc.
Absolute Surface Area, MSA of C atoms, MSA of N atoms, SASA of C atoms, SASA of F atoms, etc.

212

3 Circular fingerprint
� Presence/Absence of different types of atom

pairs at specific spatial distance

Number of C atoms within 5 Å from ring atoms, etc. 2650

4 Quantum chemical
� Charges

Sum of partial charges of C atoms within 4 bonds from O atoms,
Sum of partial charges of C atoms within 4 Å from O atoms, etc.

3548

5 Topological
� Atom-pairs

Number of C atoms within 9 bonds from O atoms, Number of N atoms
within 5 bonds from Cl atoms, etc.

4500
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Old Model-1: pIC50 ¼ 2.3367 (±0.7641) þ 1.5695 (±1.7697)
R6p � 0.0306 (±0.0254) nBT þ 0.4084 (±0.1941) nN þ 0.6338
(±0.1605) ALogP
R2

tr ¼ 0.79, Q2 ¼ 0.72, MAEcv ¼ 0.27, R2
ex ¼ 0.81 and CCCex ¼ 0.89

In the present work, the same dataset (Keto form) was used for
developing new QSAR model using the molecular descriptors calculated
by PyDescriptor, e-dragon and PaDEL with identical training and predic-
tion sets as mentioned in our previous publication. The newly derived
best four parametric QSAR model built for anti-malarial activity of
phosphoramidate and phosphorothioamidate analogues of amiprophos
methyl is as following:

New Model-1: pIC50 ¼ þ2.682 (±0.411) � 0.104 (±0.071) *
N_O_3A � 13.310 (±9.785) * all_O_8Ac þ 0.422 (±0.168) *
plus_N_2A þ 0.434 (±0.091) * ALOGP
R2

tr¼ 0.83, RMSEtr¼ 0.25, MAEtr¼ 0.19, CCCtr ¼ 0.91, Q2
loo ¼ 0.79,

RMSEcv ¼ 0.28, MAEcv ¼ 0.21, CCCcv ¼ 0.89, RMSEex ¼ 0.32,
MAEex ¼ 0.28, Q2

F1 ¼ 0.75, Q2
F2 ¼ 0.73, Q2

F3 ¼ 0.72, CCCex ¼ 0.89,
R2

ex ¼ 0.81

The symbols used for various statistical parameters have their usual
meaning and available in supporting information [34,35]. The descriptor
ALOGP represents lipophilicity of the molecule. The descriptors N_O_3A
stands for the presence of oxygen atom within a spatial distance of 3 Å
from nitrogen atom. The descriptor all_O_8Ac corresponds to sum of
partial charges of all atoms within 8 Å from oxygen atom. The descriptor
plus_N_2A corresponds to the number of nitrogen atom present within 2Å
from positively charged atoms. The descriptors N_O_3A, all_O_8Ac and
16
plus_N_2A have been calculated by PyDescriptor and represent local
environment inside the molecule, while ALOGP is a property of
whole molecule.

A simple comparison of statistical parameters of model-1 and old
model-1 reveals that the new model has improved performance not only
with respect to fitting but for cross-validation parameters like Q2, MAEcv,
etc. also.

In addition, another adequately validated QSAR model was built
using molecular descriptors calculated by PyDescriptor only (neither
PaDEL nor e-Dragon descriptors were used) with identical training and
prediction sets as stated in our previous publication. The newly derived
best four parametric QSAR model is as following:

New Model-2: pIC50 ¼ þ3.333 (±0.356) þ 5.159 (±1.351) *
H_S_4Ac � 0.123 (±0.046) * byring all_S_4A þ 0.096 (±0.062) *
fHS6B þ 0.099 (±0.038) * C_don_6A
R2

tr¼ 0.82, RMSEtr¼ 0.26, MAEtr¼ 0.22, CCCtr¼ 0.90, Q2
loo¼ 0.75,

RMSEcv ¼ 0.30, MAEcv ¼ 0.26, CCCcv ¼ 0.86, RMSEex ¼ 0.33,
MAEex ¼ 0.27, Q2

F1 ¼ 0.74, Q2
F2 ¼ 0.72, Q2

F3 ¼ 0.71, CCCex ¼ 0.88,
R2

ex ¼ 0.81

The symbols used for various statistical parameters have their usual
meaning and available in supporting information also [34,35]. The
descriptor H_S_4Ac indicates sum of partial charges of sulphur atoms
which are at a spatial distance of 4Å from hydrogen atom. The descriptor
byring all_S_4A stands for the presence of sulphur atoms which are at a
spatial distance of 4 Å from ring atoms. The descriptor fHS6B corre-
sponds to frequency of occurrence of hydrogen and sulphur atoms
separated by six bonds. The descriptor C_don_6A resembles the number of
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presence of donor atom or group at a distance of 6 Å from carbon atom.
A comparison of statistical measures of model-2 with old model-1

indicates that the model-2 has outperformed the previously reported
model. From model-2, it is clear that the model, derived using molecular
descriptors calculated by PyDescriptor only, has better statistical perfor-
mance and high degree of correlation of molecular descriptors with
structure feature than the old model-1. This indicates that the molecular
descriptors calculated by PyDescriptor could result in useful augmentation
of statistical performance of the model and increase in mechanistic
interpretation as well. It also indicates that scientifically interesting new
and improved models could be built using descriptors calculated by
PyDescriptor. In addition, the diversity of pool of descriptors calculated by
PyDescriptor is also reflected.

A comparison of statistical parameters of model-1 and 2, derived in
the present work, reveals that model-1 has better statistical performance
than model-2. This indicates that a combination of molecular descriptors
calculated by PyDescriptor with different types of descriptors generates a
thriving QSAR model with easy interpretation and statistical robustness.
Therefore, it is logical to use molecular descriptors calculated by PyDe-
scriptor with different types of descriptors calculated by other softwares.

2. QSAR modelling for anti-proliferative activity of substituted
phenyl 4-(2-oxoimidazolidin-1-yl) benzenesulfonates [4]

An appropriately validated QSAR model for undivided dataset of
ninety-seven substituted phenyl 4-(2-oxoimidazolidin-1-yl) benzenesul-
fonates for anti-proliferative activity using three molecular descriptors
was published by our group [24].

Old model-1b: logIC50 ¼ �8.5590 (±4.0430)þ 55.8097 (±23.1356)
* Xt – 71.0572 (±18.4287) * VEA2 þ 0.7420 (±0.2572) * nHDon.
R2

tr ¼ 0.87, Q2 ¼ 0.85, RMSEtr ¼ 0.50, RMSEcv ¼ 0.52, F ¼ 205.12,
CCCtr ¼ 0.93, CCCcv ¼ 0.92

In the present work, the same dataset was used for developing new
QSAR model using the molecular descriptors calculated by PyDescriptor,
e-dragon and PaDEL. The newly constructed best three parametric QSAR
model built for anti-proliferative activity of substituted phenyl 4-(2-
oxoimidazolidin-1-yl) benzenesulfonates is as following:

New Model-1b: logIC50 ¼ �29.646 (±3.549) þ 1.043 (±0.135) *
lipo_N_2B þ 0.649 (±0.206) * all_N_6Ac þ 115.995 (±19.541) * X3A
R2

tr ¼ 0.93, Q2 ¼ 0.92, RMSEtr ¼ 0.36, RMSEcv ¼ 0.38, F ¼ 409.17,
CCCtr ¼ 0.96 and CCCcv ¼ 0.96

The descriptor X3A accounts for the multiplicity of the bond and for
the presence of hetero atoms in the molecule, especially the hydrogen
bond donor/acceptor atoms. The descriptor lipo_N_2B stands for number
of lipophilic atoms separated by two bonds from nitrogen atoms. The
third descriptor all_N_6Ac corresponds to sum of partial charges of all
atoms present within a spatial distance of 6 Å from nitrogen atom. The
descriptors lipo_N_2B and all_N_6Ac have been calculated by PyDescriptor
and represent local environment of the molecule, whereas X3A is a
property of whole molecule.

It is evident from the statistical parameters of old model-1b and new
model-1b that the new model has superior statistical robustness not only
with respect to fitting but also for cross-validation parameters like R2,
RMSEcv, etc. Additionally, a different statistically validated QSAR model
was built using molecular descriptors calculated by PyDescriptor only
(neither PaDEL nor e-Dragon descriptors were used) with identical
training set as specified in our previous publication. The newly derived
best three parametric QSAR model is as following:

Model-2: logIC50 ¼ �3.471 (±0.852) � 1.223 (±0.265) *
N_lipo_3Bc – 5.082 (±2.065) * S_all_8Bc � 0.250 (±0.049) * S_byring
all_9B
17
R2
tr ¼ 0.90, Q2 ¼ 0.89, RMSEtr ¼ 0.43, RMSEcv ¼ 0.45, F ¼ 285.36,

CCCtr ¼ 0.95 and CCCcv ¼ 0.94

The descriptor N_lipo_3Bc corresponds to sum of partial charges of all
lipophilic atoms which are separated from nitrogen atoms by three
bonds. The descriptor S_all_8Bc represents sum of partial charges of all
atoms separated from sulphur atom by eight bonds. The third descriptor
S_byring all_9B stands for number of ring atoms which are separated from
sulphur atom by nine bonds.

It is clear from the statistical measures of model-2 that it has better
statistical performance when compared with old model 1b. Thus, this
again confirms that the molecular descriptors calculated by PyDescriptor
are advantageous for increasing the statistical robustness of the model
and mechanistic interpretation of the model in terms of struc-
tural features.
3.4. General comparison of newly developed models with old models

A comparison of newly developed models with the old models points
out that the new QSAR models have better statistical performance and
greater number of easily understandable molecular descriptors. The
molecular descriptors used in the present models not only represent the
local environment of the molecule but complete molecule also. This
would have been difficult without the incorporation of new descriptors
calculated by PyDescriptor. It appears that the use of esoteric descriptors
along with the descriptors calculated by PyDescriptor significantly
augment the statistical performance and mechanistic interpretation of
the QSAR model. Therefore, a combination of e-Dragon, PaDEL and de-
scriptors from PyDescriptor is useful for deriving quantitative and quali-
tative QSAR models with high statistical performance and mechanistic
interpretation. A statistically best QSAR equation may have only complex
descriptors which cannot be easily interpretable at the level of sub-
structures of the molecules. In our opinion, a QSAR model should be
selected which should be statistically sound and easier to relate to the
structural features of the molecules under study.

4. Conclusions

The use of esoteric descriptors along with easily understandable de-
scriptors providedmodels with better accuracy, fidelity and easy physical
clarification in a biological perspective which, in turn, could yield per-
ceptions of a causal mechanism of action, ways of decreasing a drug's
toxicity or increasing its efficacy. In the present work, a PyMOL plugin
PyDescriptor molecular descriptor calculator has been reported which
possesses a good number of advantages. The plugin can be used on all the
popular platforms (Windows, Linux, MacOS). The 11,145 PyDescriptor
descriptors calculated here consists of 1D- to 3D- molecular descriptor.
For QSAR community, it provides a zero-cost option for calculating a
good number of easily understandable and informative molecular de-
scriptors with broad applicability to various types of problems. To sum-
marize, PyDescriptor is a useful addition to the currently existing
molecular descriptor calculation software.
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