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Abstract: Markov Chain Molecular Descriptors (MCDs) have been largely used to solve
Cheminformatics problems. The software to perform the calculation is not always available for
general users. In this work, we developed the first library in R for the calculation of MCDs and we
also report the first public web server for the calculation of MCDs online that include the
calculation of a new class of MCDs called Markov Singular values. We also report the first
Cheminformatics study of the biological activity of 5644 compounds against colorectal cancer.
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1. Introduction

Cheminformatics models are able to predict different outputs in complex molecular systems.
On the other hand, colorectal cancer (CRC) is the third most commonly occurring cancer in men and
the second in women, having a mortality of approximately 56% of the patients [1]. Although a
number of compounds for anti-CRC activity have been synthetized and tested, the possibility of
coming across an effective drug is still too low [2]. Markov Chain Molecular Descriptors (MCDs)
have been largely used to solve Cheminformatics problems, and the calculation is done very often
using specific software not ever available for general users. In this work, we developed the first
library in R [3] for the calculation of MCDs and the first public web server for the calculation online
that includes the calculation of a new class of MCDs called Markov Singular indices. We report a
case study; we illustrated the use of those molecular descriptors in the study of active compounds
against colorectal cancer (CRC).

2. Materials and Methods

We proposed an implementation in R of the algorithm for calculation of MCDs that can
calculate two drug topological indices (TIs) families: Markov Mean Properties (MMPs) and Markov
Singular Values of Transition Probabilities (MMSVs). The combination of the RMarkov.mol with the
RRegrs package generates a powerful and fast R tool for designing QSAR (Quantitative
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structure-activity relationship) regression models. We obtained 5644 preclinical assays of CRC active
compounds from ChEMBL and calculated the MCDs using our web server to simplify the process.

3. Results

Figure 1 shows the user interface of Markov Chemical Descriptors Calculator (MCDCalc) web
server. This allows the calculation of molecular descriptors for each atomic property and type of
atom. Smiles formulas can be read from the text file or can be individually pasted on screen textbox.
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Molecular Descriptors Calculation for SMILES

Atom types Atoms propenies Upload smiles file (example). Be aware, max size allowed 100 KB (*.csv or *.txt file)
For special necesities beyond this limit contact web server administrator, please
& Browse
All atoms Number of Valence Electrons (Zv)
OR
Saturated C Vand der Waals Volume (Vvaw) Paste here SMILE codes (example). AProx. up to 100 molecules with 50 atoms
Unsaturated C Sanderson Electronegativity (x) Please, if you need to process a larger set use upload option “From txt file" (top panel;
Halogen Atomic Polarizability (a)
Heteroatoms Electron Affinity (EA)
Heteroatoms not Halogens [ None
Vi
SMILES inserted
Generate molecular descriptors
Descriptors Means Singular

Figure 1. Online web server.

We also used the molecular descriptors as input for the RRegrs [4] package in order to find
better regression models. Random Forest (RF), Support Vector Machines (SVM), Neural Networks
(NN), and Partial Least Squares (PLS) regression methods have been tested and the results are
presented in Table 1.

Table 1. Results for RF, SVM, NN and PLS.

Training Test
R RMSE R* RMSE
RF 0.907 0.101 0926 0.093
SVM 0868 0.122 0.866 0.128
NN 0.849 0.132 0.829 0.143
PLS 0.801 0.155 0.775 0.167

Method

4. Conclusions

We have developed the first library in R for the calculation of MCDs, and the first public web
server for the calculation of MCDs online that includes the calculation of Markov Singular values
which are useful to predict the activity prediction of anti-colorectal cancer compounds. The RF
regression model showed the best results.
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