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O que é bioinformatica? Uma area multidisciplinar entre:

Com a matematica e a

estatistica no seu nucleo, a

\ Math and bioinformatica aplica estes
Statistics campos para tornar os diversos
e complexos dados das ciéncias

da vida mais compreensiveis e

Uteis, para descobrir novos
conhecimentos biologicos e para

fornecer novas perspectivas

para discernir principios
unificadores.
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O que é bhioinformatica?

Ciencia da computacao e da informacao - A bioinformatica depende fortemente de
estrategias para adquirir, armazenar, organizar, arquivar, analisar e visualizar dados.
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O que é bhioinformatica?

Ciencias da vida, saude e médicas - A bioinformatica apoia a informatica médica;
mapeamento genetico em pedigrees e estudos populacionais; funcional, estrutural e
farmacogenomica; protedOmica e dezenas de outras “-Omicas” em evolucao.
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O que é bioinformatica?

Biologia computacional - A bioinformatica abrange o desenvolvimento e aplicacao de
métodos analiticos e tedricos de dados, modelagem matematica e técnicas de simulacao
computacional para o estudo de sistemas bioldgicos, comportamentais e sociais.
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Historico

A primeira definicao do termo bioinformatica foi cunhada por Paulien Hogeweg e Ben
Hesper em 1970, para se referir ao estudo de processos de informacao em sistemas
biologicos. Esta definicao colocou a bioinformatica como um campo paralelo a biogquimica.
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A bioinformatica traz uma perspectiva multidisciplinar para muitos dos problemas
criticos que a profissao das ciencias da saude enfrenta hoje

Cost per Human Genome
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Moore’s Law
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National Human Genome
Research Institute
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A bioinformatica traz uma perspectiva multidisciplinar para muitos dos problemas
criticos que a profissao das ciéncias da saude enfrenta hoje

Growth of DNA Sequencing
B Recorded growth
% B Double every 7 months (Historical growth rate)
- B Double every 12 months (lllumina Estimate)
B Double every 18 months (Moore's Law)
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A bioinformatica e a biologia computacional envolveram a analise de dados
biologicos, particularmente DNA, RNA e sequéncias de proteinas.

O campo da bioinformatica experimentou um crescimento a partir do Projeto Genoma
Humano e pelos rapidos avancos na tecnologia de sequenciamento de DNA
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Bioinformatica usa computadores para organizar, coletar, analisar e

compreender dados biologicos
A partir disso, une computadores e pesquisadores em ciéncias da vida, e tem
um enorme potencial em multiplas areas, ja que a maioria dos programas e
dados esta disponivel gratuitamente.
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Impacto da bioinformatica nos tempos
atuais - Pandemia de COVID-19
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Desafios no Ensino de Bioinformatica

Grande Interdisciplinaridade: Unindo biologia, ciencia da computacao e estatistica
Acompanhando os avancos rapidos: atualizando os curriculos regularmente
Origens diversificadas dos alunos: abordando diversos niveis de especializacao

Infraestrutura computacional: fundamental para o aprendizado pratico



Aulas expositivas: Conceitos fundamentais explicados através de apresentacoes
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Estrategias de aprendlzagem ativa

..l L

-Os alunos revisam o conteudo antes da aula e participam de discussoes
tﬁ de resultados e abordagens conduzidas em artigos »,

! Aprendlzagem Baseada em Problemas Reais: introducao a estudos de

Caso e cenarios da V|da real (blbllotecas com problemas experimentais)




Aprendizagem on-line e combinada

Cursos on-line: plataformas como COGNITERRA, EMBL-EBI,

O COGNITERRA Catalog Teaching

Bioinformatics Algorithms: An Active

Learning Approach

Journey to the frontier of computational biology. Master the computational approaches that have
revolutionized the modern study of life science.

@ Cogniterra
certificate

EMBL-EBI Training

Delivering world-class training in data-driven life sciences.

LIVE WEBINAR

Featured courses | | _ |
Explore small molecules in the PDB easily using PDBe-KB Ligand Pages

Open | & 5 February 2025 | § Online

COURSE AT EMBL-EBI
Introduction to metabolomics analysis

Applications close: 2 February 2025 | & 20 - 23 May 2025 | ¥ European Bicinformatics Institute, United




Conceitos fundamentais para graduacao e
pos-graduacao

Identificacao do nivel de conhecimento dos estudantes

Abordagens computacionais e praticas de programacao:
Ensino de linguagens de programacao (Python, R)

Exploracao de banco de dados:
NCBI, Ensembl, UniProt para dados biologicos

Desenvolvimento de Algoritmos:
Projetando solucoes computacionais para problemas biolégicos
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https://www.xjtlu.edu.cn/en/news/2024/11/school-of-science-lab-open-day-review

Abordagens computacionais e programacao pratica:
Ensino de linguagens de programacao (Python, R, scripting Bash)

Ambiente Linux com Bash

archana@archana-pc ~

File Edit View Search Terminal Help
archana@archana-pc:~5 SITE='GEEKSFORGEEKS'
archana@archana-pc:~$ printenv | grep SITE
archana@archana-pc:~$ env | grep SITE
archana@archana-pc:~$ set | grep SITE

™
=GEEKSFORGEEKS
pl l O n Step_by_step archana@archana-pc:~$ export SITE='GEEKSFORGEEKS'
archana@archana-pc:~S printenv | grep SITE

=GEEKSFORGEEKS
airchana@archana-pc:~5 env | grep SITE
=GEEKSFORGEEKS

archana@archana-pc:~5$ set | grep SITE
=GEEKSFORGEEKS
archana@archana-pc:~5$




Exploracao de banco de dados:

NCBI, Ensembl, UniProt, PDB (Protein data ® Ensembl
base), AFDB, StringDB

WEB INTERFACE

Easily search, browse, select and download
gene, genome, and virus datasets
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API

Advanced programmatic
access to gene, genome, and
virus datasets

COMMAND LINE TOOL

Easy to use programmatic access to gene, UniProt .
genome, and virus datasets Y
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BLAST Align Retrieve/ID mapping Peptide search : Helb Contéc;'t

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein sequence and functional information.

News Oll

UniRef UniParc Proteomes
Sequence clusters Sequence archive Forthcoming changes
roy - % 1 @ Planned changes for UniProt
{ [ —
Swiss-Prot (553,655) UniProt release 2017_02
ﬁ Freshwater fish see red | Cross-references to Araport
Manually annotated g .
SUDDOFtIﬂg data TAIR and IMGT/Gene-DB | Removal of sequence similarity
and reviewed. A ]
annotations for domains
Literature citations Taxonom Subcellular locations
TrEMBL (77,483,538) ‘ d
Automatically . 'FI_" o UniProt rele?se 20|1?E01 ) F |=
Sheep in wolves' clothing | Change of the UniRef FASTA
annotated and not Cross-ref. databases Diseases Keywords head:r 91 g
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Exposicao dos alunos a desenvolvimento de Algoritmos:
Projetando solucoes computacionais para problemas biologicos

Conceitos fundamentais REDSALIND s~ poners - s - oy | = &l

Given a genome Text, PathGraphg{ Text) is the path consisting of | Texi| - k + 1 edges, where the i-th edge of this path is labeled by the i-th k-mer in Text and the i-th node of the path is labeled by

MNeedleman-Wunsch the i-th (k - 1)-mer in Text. The de Bruijn graph DeBruijny(Texf) is formed by gluing identically labeled nodes in PathGraph{ Text)

match = 1 mismateh = -1 gap = 1 De Bruijn Graph from a String Problem

Construct the de Bruijn graph of a string.

G C A T G C G Given: An integer k and a string Text.

Return: DeBruijmd Text), in the form of an adjacency list

0|1 2 3 4 5 & 7 Abordagem interativa

-1 1 <= 0 -1 -2 -3 -4 -5 o

“\ i:;g‘;‘t’;mztics Read Videos Online Courses Team Contact Buy ﬂ
2 0 0 1 0 1 2 3
(S . ~
3 4 4,0 2410 « - Gameflcagao
S N N
-4 2 -2 1 1 1 0 1

Bioinformatics
Algorithms

Journey to the frontier of
computational biology with
the gold standard of
bioinformatics education.

Join our interactive text

Free to try!
Dozens of autograded code challenges
Earn a certificate of completion



Software e Ferramentas na Educacao em Bioinformatica

BLAST & Clustal Omega: ferramentas de alinhamento de sequéencia

archana@archana-pc: ~

File Edit View Search Terminal Help

airchana@archana-pc:~5 SITE='GEEKSFORGEEKS'

airchana@archana-pc:~S$ printenv | grep SITE

airchana@archana-pc:~5$ env | grep SITE

archana@archana-pc:~$ set | grep SITE
=GEEKSFORGEEKS

archana@archana-pc:~5 export SITE='GEEKSFORGEEKS'

archana@archana-pc:~S printenv | grep SITE
=GEEKSFORGEEKS

airchana@archana-pc:~5 env | grep SITE
=GEEKSFORGEEKS

airchana@archana-pc:~5 set | grep SITE
=GEEKSFORGEEKS

archana@archana-pc:~$

THE BIDINFORMATICS MAGAIME

BIOINFORMATICS REVIEW



Bioconductor & Galaxy: plataformas de analise
de dados

' Bioconductor

‘ OPEN SOURCE S0FTWARE FOR BIOINFORMATILCS

= Galaxy

PROJECT




Jupyter Notebooks e RStudio: ambientes de codificacao interativos

;:_ . -. ‘|nDe|:lnr::Ljn;;r“I;egressian JUPyterLab: A Next_Generation NOtebOOK |nterface
« pro——— : JupyterLab is the latest web-based interactive development environment for notebooks,
, T B code, and data. Its flexible interface allows users to configure and arrange workflows in data
e science, scientific computing, computational journalism, and machine learning. A modular
: l ; AT design invites extensions to expand and enrich functionality.
ea e T g
e i, T e Try it in your browser Install JupyterLab
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Aprendizagem Baseada em Projetos em grupo ou individuais

Projetos em grupo: solucdo colaborativa de problemas

Conjuntos de dados do mundo real: analise de dados gendomicos, proteomicos,
transcriptomicos e estruturais

Primeiras abordagens praticas de Wood and Gebhardt 2013
bioinformatica na graduacao Dados reais e treinamento pratico



Inicio simples e basico
Bioinformatics teaching resources

Worksheets and lesson ideas to challenge students aged 11 to 16 to use bioinformatics in the classroom (GCSE and Key Stage 3)

Bioinformatics is the process of using computers fo organise, colfect, analyse and understand biological data. The subject unites computers and biologists,
and has huge potential in the science classroom as the majonty of programs are freely available.

« BLAST to search genomes and proteomes for genes and proteins
« NCBI to find sequences for proteins and genes
« PDB to visualise 3D protein structures

Bioinformatics and the coronavirus

Download exploring the genome of SARS-CoV-2 using bioinformatics. This session introduces students (aged 15-18) to a number of tools used in
bioinformatics to explore the genome of SARS-CoV-2 (coronavirus). There are a number of questions that students answer as they move through the
session and there is an assignment at the end for them to complete. Answers are provided to questions in the notes section. The following link allows
students to explore interactive models of SARS-CoV-2.

COVID-19 Inside Virus Structure

W protein

.

powered by

I BIODIGITAL




Science as a community

This presentation takes you through what is
currently known about the genome of the
coronavirus isolated from China in 2019.

We have access to this data thanks to the work
of a community of scientists who are
committed to making their data publicly
available.

UArrock

Donaghey College of Science, Technology,
Engineering, and Mathematics

Before you begin...

Today you will look at data represented in
something called FASTA format.

This is a text based format for representing
DNA, RNA or protein sequences.

Read more about this here.



Do you understand FASTA format?

CAA59436.1 band 7 integral membrane
MAEKRHTRDSEAQRLPDSFKDSPSKGLGPCGWI

[s this a protein or DNA sequence?

What does M represent? How coronaviruses get inside cells
What is missing from this FASTA format? and replicate

1. The S protein of the coronavirus binds to surface proteins on
the outside of the host cell

2. The virus genome now gains access to inside the cell

3. When inside, the single stranded RNA genome attaches to host
ribosomes and gets them making virus proteins

4. These proteins then make more copies of the virus genome

After assembly, virus particles are transported to the cell
membrane and are released going on to infect other cells

<1

Q. What does the ‘S’ stand for in S protein and where is it located?

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4369385




The genome of SARS-CoV-2

 The 30 kilobase genome of the Wuhan
seafood market strain is publicly available

* You are now going to explore its genome
today

* Go to the NCBI GenBanKk page to look at this Questions about the genome
sequence and answer the questions from

the next slide

 How long is the viral genome?
 What organism was this virus isolated from?

* Find the S gene that codes for the S protein.
What are the nucleotide positions that this
gene is located in?

* For comparison, how long is a) the human
genome and b) the E.coli genome?



How similar is this virus to other .
Reviewing your results

viruses?
To find out you will search the GenBank database * Look at the results - or matches. These list
using a program called BLAST. It's a bit like other sequences in the database that are
Google but for biological sequences. similar to the sequence you searched with.

Take some time to explore this page.

« Which other countries have sequenced
SARS-CoV-2 genomes that match the Wuhan
isolate?

 Find a match that is less than 81 % identical.
Which host did this virus come from?

Step 1. Copy the complete genome sequence of
the Wuhan isolate in FASTA format

Step 2. Paste this into the BLAST query sequence
box

Step 3. Press BLAST and wait for results to show




Reflections

How has your understanding of SARS-CoV-2
changed as a result of this session?

How has your understanding of
bioinformatics changed as a result of this Assignment

session?

Using the tools and information you have
learnt about in this session:

1. Explore the genome of human
immunodeficiency virus (GenBank page)

Computational thinking - 2. Compare and contrast SARS-CoV-2 with

(Goodman and Dekhtyak 2014) Human immunodeficiency virus (GenBank
page)




Bioinformatica estrutural - inicio simples e basico

; F "D B e 1 G 1 NMolecular explorations cearch Molecule of the |
E through biology and medicine

E— Vincular atividades a curriculos cientificos

pré-existentes

Molecule of the Month January 2025

Assembly Line Polyketide 3D View: 7S6C
S'}fnthases Style Color Spin
Large multienzyme complexes that synthesize '33;3' Cartoon '33;3' Rainbow ' On -
diverse small molecules in a stepwise manner. \J Spheres @ Chain ) off
@ Surface () Structure
More

All articles: By Date By Category By Title



Abordagens praticas de bioinformatica na pos-graduacao
baseadas em projetos praticos

Aprofundando

Projetos em grupo: solucdao colaborativa de problemas

Conjuntos de dados do mundo real: analise de dados genomicos, proteomicos,
transcriptomicos e estruturais

Requer pré-requesitos



1 Como julgar se os experimentos conduzidos na bancada foram
feitos adequadamente

2 Design experimental em bioinformatica aplicada a omicas

Ao usar métodos de alto rendimento, como RNAseq pode tracar o perfil - na
resolucao de um nucleotideo Unicos (isoformas) - da abundancia de dezenas de
milhares de transcritos distintos codificados em genomas de eucariotos

Adaptacoes: Por razoes de poder computacional disponivel,
pode-se selecionar cromossomos especificos por exemplo



AKalin 2Z020_Computational Genomics with R

library(pheatmap)
# get the expression data for the gene set of interest
M <- normalizedCounts[rownames(normalizedCounts) %in% geneSetl, ]
# Log transform the counts for visualization scaling by row helps visualizing
# relative change of expression of a gene in multiple conditions
pheatmap{log2({M+1),

annotation _col = colData,

show rownames = TRUE,

fontsize row = 8,

scale = "row’,

cutree cols = 2, Qual a relevancia biologica?
cutree_rows = 2) Criticidade sobre os resultados
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FIGURE 8.11: Heatmap of expression value from the genes with the top GO term.

library(stats)

library(ggplot2)

#transpose the matrix

M <- t({tpm[selectedGenes,])

# transform the counts to log2 scale
M <- log2(M + 1)

#compute PCA

pcaResults <- prcomp{M)
#plot PCA results making use of ggplot2’'s autoplot function

#ggfortify is needed to let ggplot2? know about PCA data structure.

autoplot(pcaResults, data = colData, colour = "group’)

0.25-

0.00-
=
# . group
=
- T . * CASE
[a]
0O * CTRL
O g2 .
0,50~

-E-l.E [."TCI I:ITE
PC1 (95.7%)

FIGURE &.3: PCA plot of samples using TPM counts.



Bioinformatica estrutural aprofundando nas praticas

FPDB-101 Molecule of the Month~ Browse Leamn ~ Train ~ Teach~ Global Health~ SCiArt~ Evenis~

e -

COVIDAS I Molecuiar Dol Treatment: Drugs Blocking Replication with Remdesivir
Getting qta”eﬁassgj Learning Objective: To explore the Structure of RNA dependent
o _ L T A RNA Polymerase (RdRP) bound to Remdesivir using RCSB Mol*
SARS-CoV-2 Life Cycle e T a .. to understand how it can block replication.
The Main Protease Enzyme Lm'ﬂf_i convalescent
plasma

Evolution of SARS-CoV-2 .
Exploration

SARS-CoV-2 Genome and w X

its Expression A. Explore the structure and action of Remdesivir

P — Bancibinib i
Infection: The Spike story | In order to understand how Remdesivir works it may be helpful to first learn about its

L Tocllzumab chemical properties. This part of the exercise will introduce you to a resource called
The Disease: COVID-19 S o DrugBank - a free online data resource with information about drugs, their targets, and

many other details.
e Go to the DrugBank home page (https://www.drugbank.ca/) and type the name

“Remdesivir” in the top search bar.

B2. Do you recognize the Remdesivir in this structure? Is it part of the

ZI N 020 polymer or listed as a small molecule?

Hint: The picture that you saved in section A is that of the Prodrug. This molecule is processed

Welcome to ZINC, a free database of commercially-available compounds for virtual screening. ZINC and only the nucleotide EI'IE-NDQ remains in this structure.
contains over 230 million purchasable compounds in ready-to-dock, 3D formats. ZINC also contains

over 750 million purchasable compounds you can search for analogs in under a minute.



Direcoes Futuras na pesquisa e educacao de Bioinformatica

Inteligencia Artificial e Integracao de Aprendizado de Maquina

828\ NOBELPRISET | KEMI 2024

THE NOBEL PRIZE IN CHEMISTRY 2024

i
S
:
: p A

David Baker Demis Hassabis John M. Jumper
University of Washington Google DeepMind Google DeepMind
USA United Kingdom United Kingdom

"fér datorbaserad proteindesign” for proteinstrukturprediktion”

“for computational protein design” ‘for protein structure prediction”

#NobelPrize



Direcoes Futuras na Educacao em Bioinformatica
Inteligencia Artificial e Integracao de Aprendizado de Maquina

Protein Nucleic acid Metal ian small Covalently

sequence sequence malecule modified residue
| | I

| ]

RoseTTAFold All-Atom I\ P ha FOI.d

Protein Structure Database

Developed by Google DeepMind and EMBL-EBI

= - Examples: MENFQKVEKIGEGTYGV... Free fatty acid receptor 2 At1858602 Q5VSL9 E. coli
RFdiffusion All-Atom \ p SEGTYG tty p g58

See search help @  Go to online course @ See our updates — September 2024

AlphaFold DB provides open access to over 200 million protein
structure predictions to accelerate scientific research.



Sao predicoes, as quais precisam ser rigorosamente
avaliadas

Article | Open access | Published: 30 November 2023

AlphaFold predictions are valuable hypotheses and e o 74
accelerate but do not replace experimental structure A Bi oin fO rmatica na era d dsS Al S

determination

Thomas C. Tenuilliggg, Dorothee Liebschner, Tristan | Croll, Christopher ). Williams, Airlie J. McCoy, Billy

K. Poon, Pavel V. Afonine, RBobert D. Oeffner, Jane 5. Richardson, Randy J. Bead & Paul D. Adams

Fig.1: Comparison between X-ray crystallography and Alphafold.

Nature Methods 21, 110-116 (2024) | Cite this article

60k Accesses | 81 Citations | 189 Altmetric | Metrics

Three examples of the comparison between PDB structures determined by X-ray crystallography
(blue) and AlphaFold predicted models of the same protein (purple) showing a region with excellent
local correlation in 7WAA (a), a region with incorrect prediction in Z5FL (b) and a region with

displacement and distortion in ZNAZ (c¢). Data from ref. 1



Conclusao

Importancia da inovacao continua no ensino de bioinformatica

Proximo passo

Redes e bhiologia de sistemas

(

Par

Realidade
virtual
(interativo e colaborativo)

high performance computing

HPC)

ke 2013

Figura 9-6: Representacao de um hipergrafo.
As regides destacadas em varias cores
caracterizam as diferentes propriedades ou
atividades bioquimicas representadas na rede.
Assim, cada cor estaria representando
diferentes vias metabdlicas (A, B e C). Os nés
da rede indicam componentes presentes em
cada uma das vias metabdlicas e/ou
participando de vias distintas nas regites
intersectadas.

Verli et al 2014 Bioinformatica



