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Source: Gérpon A. Hands On Machine Learning with Scikit-Learn, Keras & TensorFlow. 2nd Ed. Sebastopol: O’Reilly

Media, Inc., 2019. 819 p.

Regression model prediction

ŷ = 0 + 1 x1 + 2 x2 + … + n xn

ŷ is the predicted value

j is the jth model parameter

xi is the ith feature value

n is the number of features
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~1063 molecules

Source: Bohacek RS, McMartin C, Guida WC. The art and practice of structure-based drug design: a molecular

modeling perspective. Med Res Rev. 1996; 16(1):3–50.
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Systems approach

Source: Bohacek RS, McMartin C, Guida WC. The art and practice of structure-based drug design: a molecular

modeling perspective. Med Res Rev. 1996; 16(1):3–50.
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Definition of sub-spaces

Source: Bohacek RS, McMartin C, Guida WC. The art and practice of structure-based drug design: a molecular

modeling perspective. Med Res Rev. 1996; 16(1):3–50.
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Natural product space

Source: Bohacek RS, McMartin C, Guida WC. The art and practice of structure-based drug design: a molecular

modeling perspective. Med Res Rev. 1996; 16(1):3–50.
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Drug space

Source: Bohacek RS, McMartin C, Guida WC. The art and practice of structure-based drug design: a molecular

modeling perspective. Med Res Rev. 1996; 16(1):3–50.
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Source: Bohacek RS, McMartin C, Guida WC. The art and practice of structure-based drug design: a molecular

modeling perspective. Med Res Rev. 1996; 16(1):3–50.
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CDK2 inhibitor space
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Source: Han X, Sit A, Christoffer C, Chen S, Kihara D. A global map of the protein shape universe. PLoS Comput

Biol. 2019; 15(4):e1006969.
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Source: de Azevedo WF. Protein-Ligand Interactions: High-Resolution Structures of CDK2. Curr Drug Targets.

2022;23(5):438-440.
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Source: da Silva AD, Bitencourt-Ferreira G, de Azevedo WF Jr. Taba: A Tool to Analyze the Binding Affinity. J Comput

Chem. 2020; 41(1):69-73.
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Scoring Functions  p-value1 R2 p-value2
Free Energya -0.133 0.7324 0.204 0.2227
Final Intermolecular Energya 0.133 0.7324 0.204 0.2228
vdW+Hbond+desolv Energya 0.133 0.7324 0.204 0.2228
Electrostatic Energya 0.533 0.1392 0.376 0.0789
Final Total Internal Energya -0.133 0.7324 0.089 0.4365
Torsional Free Energya 0.068 0.8630 0.000 0.9792
Plants Scoreb 0.183 0.6368 0.001 0.9348
MolDock Scoreb 0.217 0.5755 0.010 0.7950
Rerank Scoreb 0.333 0.3807 0.007 0.8336
Interaction Scoreb 0.367 0.3317 0.013 0.7698
Protein Scoreb 0.367 0.3317 0.025 0.6839
Water Scoreb -0.569 0.1098 0.395 0.0699
Internal Scoreb 0.033 0.9322 0.001 0.9369
Electrostatic Scoreb 0.548 0.1269 0.204 0.2218
Electrostatic Long Scoreb -0.548 0.1269 0.204 0.2218
H-Bond Scoreb 0.650 0.0581 0.512 0.0301
Ligand Efficiency 1 Scoreb 0.150 0.7001 0.024 0.6935
Ligand Efficiency 3 Scoreb 0.283 0.4600 0.023 0.6968
Affinity Scorec -0.067 0.8647 0.117 0.3669
Gauss1 Scorec -0.367 0.3317 0.120 0.3603
Gauss2 Scorec -0.283 0.4600 0.018 0.7297
Repulsion Scorec -0.700 0.0358 0.240 0.1804
Hydrophobic Scorec 0.100 0.7980 0.002 0.9157

0.0993Hydrogen Scorec -0.583 0.0992 0.340
Taba (3 variables, d 4.5 Å) 0.783 0.01252 0.794 0.0107

Predictive performance of scoring functions (test set). aAutoDock 4, bMolegro Virtual Docker (MVD), cAutoDock Vina. p-value1 and p-value2 are related to ρ and R,

respectively.
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• Sixty-four regression methods

• AutoDock Vina 1.2.3 force field

• Open source

Available at: https://github.com/azevedolab
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Our machine learning

models generalize better

than the AutoDock Vina

scoring function, which has

an r2 = 0.00909986.

SAnDReS-Statistical Analysis of Docking Results and Scoring functions
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Final Remarks

• Taba and SAnDReS allow us to explore the 

Scoring Function Space with efficiency;

• We may use Taba and SAnDReS to generate a 

database of scoring functions – SF database;

• We believe that the Scoring Function Space could 

be a game-changer for drug development.

azevedolab.net Harnessing Machine Learning for Drug Development Dr. Walter F. de Azevedo, Jr.

https://publons.com/researcher/1890214/walter-f-de-azevedo-jr/
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.researchgate.net/profile/Walter_De_Azevedo_Jr2
https://scholar.google.com.br/citations?hl=pt-BR&user=HWwJXJUAAAAJ&view_op=list_works&sortby=pubdate
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://youtu.be/N9IFiQNY8mE
https://www.facebook.com/azevedolab.net/
https://azevedolab.net/


29

azevedolab.net Harnessing Machine Learning for Drug Development Dr. Walter F. de Azevedo, Jr.

https://publons.com/researcher/1890214/walter-f-de-azevedo-jr/
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.researchgate.net/profile/Walter_De_Azevedo_Jr2
https://scholar.google.com.br/citations?hl=pt-BR&user=HWwJXJUAAAAJ&view_op=list_works&sortby=pubdate
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://youtu.be/N9IFiQNY8mE
https://www.facebook.com/azevedolab.net/
https://azevedolab.net/


Young Scientists flash presentations

Exploring the Scoring Function Space for Structure-Based Drug 

Design

Wednesday May 24, 2020

6:20 PM

Gabriela Bitencourt-Ferreira 

(Ph.D. Student) (H-index: 12)

azevedolab.net

gabriela@azevedolab.net

Pontifícia Universidade Católica do Rio Grande do Sul (PUCRS)

Porto Alegre/RS

Brazil

30

azevedolab.net Harnessing Machine Learning for Drug Development Dr. Walter F. de Azevedo, Jr.

https://publons.com/researcher/1890214/walter-f-de-azevedo-jr/
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.researchgate.net/profile/Walter_De_Azevedo_Jr2
https://scholar.google.com.br/citations?hl=pt-BR&user=HWwJXJUAAAAJ&view_op=list_works&sortby=pubdate
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://youtu.be/N9IFiQNY8mE
https://www.facebook.com/azevedolab.net/
https://azevedolab.net/


31

Acknowledgements

Dr. Olga Tarasova - Institute of Biomedical Chemistry, Moscow-Russia

Prof. Dr. Vladimir Poroikov - Institute of Biomedical Chemistry, Moscow-Russia  

Organizing Committee of XXVIII Symposium on Bioinformatics and Computer-Aided Drug Discovery

azevedolab.net Harnessing Machine Learning for Drug Development Dr. Walter F. de Azevedo, Jr.

https://publons.com/researcher/1890214/walter-f-de-azevedo-jr/
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.researchgate.net/profile/Walter_De_Azevedo_Jr2
https://scholar.google.com.br/citations?hl=pt-BR&user=HWwJXJUAAAAJ&view_op=list_works&sortby=pubdate
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://youtu.be/N9IFiQNY8mE
https://www.facebook.com/azevedolab.net/
https://azevedolab.net/


32

Acknowledgements

azevedolab.net Harnessing Machine Learning for Drug Development Dr. Walter F. de Azevedo, Jr.

Amauri Duarte da Silva

Ph.D Students

Master Student

Specialization Student

Undergraduate Student

Maurício Boff de Ávila

Silvana da Cunha Russo

Camila Rizzotto

Gabriela Bitencourt-Ferreira

Martina Veit Acost

https://publons.com/researcher/1890214/walter-f-de-azevedo-jr/
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.researchgate.net/profile/Walter_De_Azevedo_Jr2
https://scholar.google.com.br/citations?hl=pt-BR&user=HWwJXJUAAAAJ&view_op=list_works&sortby=pubdate
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://youtu.be/N9IFiQNY8mE
https://www.facebook.com/azevedolab.net/
https://azevedolab.net/


33

Acknowledgements

azevedolab.net Harnessing Machine Learning for Drug Development Dr. Walter F. de Azevedo, Jr.

https://publons.com/researcher/1890214/walter-f-de-azevedo-jr/
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.researchgate.net/profile/Walter_De_Azevedo_Jr2
https://scholar.google.com.br/citations?hl=pt-BR&user=HWwJXJUAAAAJ&view_op=list_works&sortby=pubdate
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://youtu.be/N9IFiQNY8mE
https://www.facebook.com/azevedolab.net/
https://azevedolab.net/


34

Acknowledgements

CNPq

Capes

azevedolab.net Harnessing Machine Learning for Drug Development Dr. Walter F. de Azevedo, Jr.

https://publons.com/researcher/1890214/walter-f-de-azevedo-jr/
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.researchgate.net/profile/Walter_De_Azevedo_Jr2
https://scholar.google.com.br/citations?hl=pt-BR&user=HWwJXJUAAAAJ&view_op=list_works&sortby=pubdate
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://youtu.be/N9IFiQNY8mE
https://www.facebook.com/azevedolab.net/
https://azevedolab.net/


35

Acknowledgements

azevedolab.net Harnessing Machine Learning for Drug Development Dr. Walter F. de Azevedo, Jr.

https://publons.com/researcher/1890214/walter-f-de-azevedo-jr/
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.researchgate.net/profile/Walter_De_Azevedo_Jr2
https://scholar.google.com.br/citations?hl=pt-BR&user=HWwJXJUAAAAJ&view_op=list_works&sortby=pubdate
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://youtu.be/N9IFiQNY8mE
https://www.facebook.com/azevedolab.net/
https://azevedolab.net/


Harnessing Machine Learning for Drug Development

Dr. Walter F. de Azevedo, Jr.

azevedolab.net

walter@azevedolab.net

Pontifícia Universidade Católica do Rio Grande do Sul (PUCRS)

Porto Alegre/RS

Brazil

36

azevedolab.net Harnessing Machine Learning for Drug Development Dr. Walter F. de Azevedo, Jr.

https://publons.com/researcher/1890214/walter-f-de-azevedo-jr/
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.researchgate.net/profile/Walter_De_Azevedo_Jr2
https://scholar.google.com.br/citations?hl=pt-BR&user=HWwJXJUAAAAJ&view_op=list_works&sortby=pubdate
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://youtu.be/N9IFiQNY8mE
https://www.facebook.com/azevedolab.net/
https://azevedolab.net/


37

azevedolab.net Harnessing Machine Learning for Drug Development Dr. Walter F. de Azevedo, Jr.

https://publons.com/researcher/1890214/walter-f-de-azevedo-jr/
https://publons.com/researcher/1890214/walter-f-de-azevedo-jr/
https://www.scopus.com/authid/detail.uri?authorId=7006435557
https://www.researchgate.net/profile/Walter_De_Azevedo_Jr2
https://scholar.google.com.br/citations?hl=pt-BR&user=HWwJXJUAAAAJ&view_op=list_works&sortby=pubdate
https://www.ncbi.nlm.nih.gov/pubmed/?term=de+Azevedo+WF+Jr+or+azevedo+wf+OR+de+azevedo+wf+OR+de+azevedo+wf+OR+filgueira+de+azevedo+w+OR+azevedo+junior+wf+or+vivan+AL+NOT+Cavalcanti+AL+NOT+de+Godoy+JM+not+Medeiros+CC+not+Azevedo+LM+NOT+Abreu+Junior+GF+NOT+Mathias+LADST+or+azevedo+w+not+%22azevedo+ws%22+not+%22azevedo+wta%22+not+%22Mathias+LADST%22+not+%22de+Azevedo+WM%22+not+%22azevedo+wt%22+not+%22Silva-Filho+A%22+not+%22Medeiros+CC%22+not+%22Azevedo+LM%22+not+%22+Matsouka+P%22+not+%22Almeida+J%C3%BAnior+HJ%22+not+%22de+Godoy+JM%22+not+%22+Abreu+MH%22+not+%22Azevedo+WM%22+not+%22Azevedo+WR%22++not+%22Azev%C3%AAdo+ES%22
http://orcid.org/0000-0001-8640-357X
https://github.com/azevedolab/
https://youtu.be/N9IFiQNY8mE
https://www.facebook.com/azevedolab.net/
https://azevedolab.net/

