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Topicos de investigacao

Multi-omics Electronic health records  Brain imaging

Multi-omic Variation

fMRI MRI
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Biologia, Matematica e Engenharia

Organismos
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Escalas Biologicas
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Bioinformatica e Biologia Computacional

= Bioinformatics — application of computational tools to
expand the use of biological, medical, behavioral data,
including acquisition, consolidation, visualization, analysis

= Computational biology — development and application
of data-analytical methods, mathematical modeling and
computational simulation techniques to study biological,
behavioral, and social systems



Fluxo de informacao: dogma central

replicacao

DN RNA

transcricao traducao
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Bioinformatica e Biologia Computacional

Bioinformatica e Biologia Computacional sao areas cientificas
nas quais a informatica, biologia, matematica e estatistica se encontram

machine biostatistics
learning

bioinformatics biomathematics



Topicos

= Medicina e saude

= Evolugao e filogenia

= Biotecnologia

= Genomica, epigenomica

= Transcriptomica, proteomica
= Biologia estrutural

= Biologia de sistemas

= Microbioma



Areas de investigacao
£ T

¢ | Bioinformatica
Teoria da Informacao: analise de sequéncias

2. Biologia de Sistemas
Modelagao dinamica, identificagao e optimizagao
A de sistemas biologicos: redes metabadlicas
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3. Biomedicina

) Bioestatistica e aprendizagem automatica para
analise de dados clinicos, e.g. infeccao e cancro
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Tamanho do Genoma

.....
'AI

10° 10 10’ 10° 107 10" 10" 10"
number of nucleotide pairs per haploid genome

In: “Molecular Biology of the Cell” — Alberts et al.



A importancia crescente da Bioinformatica

1990 2001
Human Genome Project Publicacao do primeiro rascunho
Um projecto de 15 anos lancado do genoma Humano

pelo Congresso Americano

THESS " - /5
HUMAN /7
GENOME

Courtesy: Prof. Ana Teresa Freitas
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CTCGAGGGGCCTAGACATTGCCCTCCAGAGAGAGCACCCAACACCCTCCAGGCTTGACCGGCCAGGGTGTCCCCTTCCTACCTTGGAGAGAGCAGC
CCCAGGGCATCCTGCAGGGGGTGCTGGGACACCAGCTGGCCTTCAAGGTCTCTGCCTCCCTCCAGCCACCCCACTACACGCTGCTGGGATCCTGGA
TCTCAGCTCCCTGGCCGACAACACTGGCAAACTCCTACTCATCCACGAAGGCCCTCCTGGGCATGGTGGTCCTTCCCAGCCTGGCAGTCTGTTCCT
CACACACCTTGTTAGTGCCCAGCCCCTGAGGTTGCAGCTGGGGGTGTCTCTGAAGGGCTGTGAGCCCCCAGGAAGCCCTGGGGAAGTGCCTGCCTT
GCCTCCCCCCGGCCCTGCCAGCGCCTGGCTCTGCCCTCCTACCTGGGCTCCCCCCATCCAGCCTCCCTCCCTACACACTCCTCTCAAGGAGGCACC
CATGTCCTCTCCAGCTGCCGGGCCTCAGAGCACTGTGGCGTCCTGGGGCAGCCACCGCATGTCCTGCTGTGGCATGGCTCAGGGTGGAAAGGGCGG
AAGGGAGGGGTCCTGCAGATAGCTGGTGCCCACTACCAAACCCGCTCGGGGCAGGAGAGCCAAAGGCTGGGTGTGTGCAGAGCGGCCCCGAGAGGT
TCCGAGGCTGAGGCCAGGGTGGGACATAGGGATGCGAGGGGCCGGGGCACAGGATACTCCAACCTGCCTGCCCCCATGGTCTCATCCTCCTGCTTC
TGGGACCTCCTGATCCTGCCCCTGGTGCTAAGAGGCAGGTAAGGGGCTGCAGGCAGCAGGGCTCGGAGCCCATGCCCCCTCACCATGGGTCAGGCT
GGACCTCCAGGTGCCTGTTCTGGGGAGCTGGGAGGGCCGGAGGGGTGTACCCCAGGGGCTCAGCCCAGATGACACTATGGGGGTGATGGTGTCATG
GGACCTGGCCAGGAGAGGGGAGATGGGCTCCCAGAAGAGGAGTGGGGGCTGAGAGGGTGCCTGGGGGGCCAGGACGGAGCTGGGCCAGTGCACAGC
TTCCCACACCTGCCCACCCCCAGAGTCCTGCCGCCACCCCCAGATCACACGGAAGATGAGGTCCGAGTGGCCTGCTGAGGACTTGCTGCTTGTCCC
CAGGTCCCCAGGTCATGCCCTCCTTCTGCCACCCTGGGGAGCTGAGGGCCTCAGCTGGGGCTGCTGTCCTAAGGCAGGGTGGGAACTAGGCAGCCA
GCAGGGAGGGGACCCCTCCCTCACTCCCACTCTCCCACCCCCACCACCTTGGCCCATCCATGGCGGCATCTTGGGCCATCCGGGACTGGGGACAGG
GGTCCTGGGGACAGGGGTCCGGGGACAGGGTCCTGGGGACAGGGGTGTGGGGACAGGGGTCTGGGGACAGGGGTGTGGGGACAGGGGTGTGGGGAC
AGGGGTCTGGGGACAGGGGTGTGGGGACAGGGGTCCGGGGACAGGGGTGTGGGGACAGGGGTCTGGGGACAGGGGTGTGGGGACAGGGGTGTGGGG
ACAGGGGTCTGGGGACAGGGGTGTGGGGACAGGGGTCCTGGGGACAGGGGTGTGGGGACAGGGGTGTGGGGACAGGGGTGTGGGGACAGGGGTGTG
GGGACAGGGGTCCTGGGGATAGGGGTGTGGGGACAGGGGTGTGGGGACAGGGGTCCCGGGGACAGGGGTGTGGGGACAGGGGTGTGGGGACAGGGG
TCCTGGGGACAGGGGTCTGAGGACAGGGGTGTGGGCACAGGGGTCCTGGGGACAGGGGTCCTGGGGACAGGGGTCCTGGGGACAGGGGTCTGGGGA
CAGCAGCGCAAAGAGCCCCGCCCTGCAGCCTCCAGCTCTCCTGGTCTAATGTGGAAAGTGGCCCAGGTGAGGGCTTTGCTCTCCTGGAGACATTTG
CCCCCAGCTGTGAGCAGGGACAGGTCTGGCCACCGGGCCCCTGGTTAAGACTCTAATGACCCGCTGGTCCTGAGGAAGAGGTGCTGACGACCAAGG
AGATCTTCCCACAGACCCAGCACCAGGGAAATGGTCCGGAAATTGCAGCCTCAGCCCCCAGCCATCTGCCGACCCCCCCACCCCGCCCTAATGGGC
CAGGCGGCAGGGGTTGACAGGTAGGGGAGATGGGCTCTGAGACTATAAAGCCAGCGGGGGCCCAGCAGCCCTCAGCCCTCCAGGACAGGCTGCATC
AGAAGAGGCCATCAAGCAGGTCTGTTCCAAGGGCCTTTGCGTCAGGTGGGCTCAGGGTTCCAGGGTGGCTGGACCCCAGGCCCCAGCTCTGCAGCA
GGGAGGACGTGGCTGGGCTCGTGAAGCATGTGGGGGTGAGCCCAGGGGCCCCAAGGCAGGGCACCTGGCCTTCAGCCTGCCTCAGCCCTGCCTGTC
TCCCAGATCACTGTCCTTCTGCCATGGCCCTGTGGATGCGCCTCCTGCCCCTGCTGGCGCTGCTGGCCCTCTGGGGACCTGACCCAGCCGCAGCCT
TTGTGAACCAACACCTGTGCGGCTCACACCTGGTGGAAGCTCTCTACCTAGTGTGCGGGGAACGAGGCTTCTTCTACACACCCAAGACCCGCCGGG
AGGCAGAGGACCTGCAGGGTGAGCCAACCGCCCATTGCTGCCCCTGGCCGCCCCCAGCCACCCCCTGCTCCTGGCGCTCCCACCCAGCATGGGCAG
AAGGGGGCAGGAGGCTGCCACCCAGCAGGGGGTCAGGTGCACTTTTTTAAAAAGAAGTTCTCTTGGTCACGTCCTAAAAGTGACCAGCTCCCTGTG
GCCCAGTCAGAATCTCAGCCTGAGGACGGTGTTGGCTTCGGCAGCCCCGAGATACATCAGAGGGTGGGCACGCTCCTCCCTCCACTCGCCCCTCAA
ACAAATGCCCCGCAGCCCATTTCTCCACCCTCATTTGATGACCGCAGATTCAAGTGTTTTGTTAAGTAAAGTCCTGGGTGACCTGGGGTCACAGGG
TGCCCCACGCTGCCTGCCTCTGGGCGAACACCCCATCACGCCCGGAGGAGGGCGTGGCTGCCTGCCTGAGTGGGCCAGACCCCTGTCGCCAGCCTC
ACGGCAGCTCCATAGTCAGGAGATGGGGAAGATGCTGGGGACAGGCCCTGGGGAGAAGTACTGGGATCACCTGTTCAGGCTCCCACTGTGACGCTG
CCCCGGGGCGGGGGAAGGAGGTGGGACATGTGGGCGTTGGGGCCTGTAGGTCCACACCCAGTGTGGGTGACCCTCCCTCTAACCTGGGTCCAGCCC
GGCTGGAGATGGGTGGGAGTGCGACCTAGGGCTGGCGGGCAGGCGGGCACTGTGTCTCCCTGACTGTGTCCTCCTGTGTCCCTCTGCCTCGCCGCT
GTTCCGGAACCTGCTCTGCGCGGCACGTCCTGGCAGTGGGGCAGGTGGAGCTGGGCGGGGGCCCTGGTGCAGGCAGCCTGCAGCCCTTGGCCCTGG



CTCGAGGGGCCTAGACATTGCCCTCCAGAGAGAGCACCCAACACCCTCCAGGCTTGACCGGCCAGGGTGTCCCCTTCCTACCTTGGAGAGAGCAGC
CCCAGGGCATCCTGCAGGGGGTGCTGGGACACCAGCTGGCCTTCAAGGTCTCTGCCTCCCTCCAGCCACCCCACTACACGCTGCTGGGATCCTGGA
TCTCAGCTCCCTGGCCGACAACAC CTACTCATCCACGAAGGCCCTCCTGGGCATGGTGGTCCTTCCCAGCCTGGCAGTCTGTTCCT
CACACACCTTGTTAGTGCCCA GGGGGTGTCTCTGAAGGGCTGTGAGCCCCCAGGAAGCCCTGGGGAAGTGCCTGCCTT
GCCTCCCCCCGGCCCTGCC CCTGGGCTCCCCCCATCCAGCCTCCCTCCCTACACACTCCTCTCAAGGAGGCACC

CATGTCCTCTCCACCTCC g™ /' CIGEGECACCCACCECATGTCCTCCTCTCCCATCECICAGCGTCEAAGGECEE
AAGGGAGGGGTCCTGCA CGCTCGGGGCAGGAGAGCCAAAGGCTGGGTGTGTGCAGAGCGGCCCCGAGAGGT
TCCGAGGCTGAGGCCAG CGGGGCACAGGATACTCCAACCTGCCTGCCCCCATGGTCTCATCCTCCTGCTTC

TGGGACCTCCTGATCCT GGGGCTGCAGGCAGCAGGGCTCGGAGCCCATGCCCCCTCACCATGGGTCAGGCT

GCAGGGAGGGGACCCCTCCCTCACTC - .*;‘ % : SR GGGCCATCCGGGACTGGGGACAGG
GGTCCTGGGGACAGGGGTCCGGGGAC . ; Yy TGTGGGGACAGGGGTGTGGGGAC
AGGGGTCTGGGGACAGGGGTGTGGGG i:u,” . ! EGTGTGGGGACAGGGGTGTGGGG
ACAGGGGTCTGGGGACAGGGGTGTGGG GGTCCTGGGGACAGGGGTGTG( 'i’v” GGGTGTGGGGACAGGGGTGTG
GGGACAGGGGTCCTGGGGATAGGGGT AGGGGTGTGGGGACAGGGGT 3 1 ACAGGGGTGTGGGGACAGGGG
TCCTGGGGACAGGGGTCTGAGGACAG S ' CTGGGGACAGGGGTCTGGGGA
CAGCAGCGCAAAGAGCCCCGCCCTGC 4 ITTGCTCTCCTGGAGACATTTG
CCCCCAGCTGTGAGCAGGGACAGGTCT > &R " GAGGTGCTGACGACCAAGG
AGATCTTCCCACAGACCCAGCACCAGGGAAATGGTCCGGAAATTGCAGCCTCAGCCC“’lﬂﬁ CCACCCCGCCCTAATGGGC

¥ CTCCAGGACAGGCTGCATC
CAGGCCCCAGCTCTGCAGCA
3 CTCAGCCCTGCCTGTC
TCCCAGATCACTGTCCTTCTGCCATGGCCCTGTGGATGCGCCTCCTGCCG ) ' - L~ SRR CCCAGCCGCAGCCT
TTGTGAACCAACACCTGTGCGGCTCACACCTGGTGGAAGCTCTCTACCTA RGA A ;h":if 'f';AAGACCCGCCGGG
AGGCAGAGGACCTGCAGGGTGAGCCAACCGCCCATTGCTGCCCCTGGCCGCC ; ";,  ' CCAGCATGGGCAG
AAGGGGGCAGGAGGCTGCCACCCAGCAGGGGGTCAGGTGCACTTTTTTAAAAAG E O : PACCAGCTCCCTGTG
GCCCAGTCAGAATCTCAGCCTGAGGACGGTGTTGGCTTCGGCAGCCCCGAGATACAT v R . : ACTCGCCCCTCAA
ACAAATGCCCCGCAGCCCATTTCTCCACCCTCATTTGATGACCGCAGATTCAAGTGTTTTORES , ! l.p* TGGGGTCACAGGG

TGCCCCACGCTGCCTGCCTCTGGGCGAACACCCCATCACGCCCGGAGGAGGGCGTGGCTGC S 1 L) % B TGTCGCCAGCCTC

ACGGCAGCTCCATAGTCAGGAGATGGGGAAGATGCTGGGGACAGGCCCTGGGGAGAAGTAC Tk SN ,-J".ffﬂ CACTGTGACGCTG
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GTTC’GGAACCTGCTCTGCGCGGCACGTCCTGGCAGTGGGGCAGGTGGAGCTGGGCGGGGGCCCTGGTGCAGGCAGCCTGCAGCCCTTGGCCCTGG
AGGGGTCCCTGCAGAAGCGTGGCATTGTGGAACAATGCTGTACCAGCATCTGCTCCCTCTACCAGCTGGAGAACTACTGCAACTAGACGCAGCCTG



Alinhamento de sequéncias

A ideia fundamental do alinhamento € que as
sequéncias que partilham os mesmos
segmentos podem ter a mesma funcdo ou
estar relacionadas por homologia
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M) U.S. National Library of Medicine NCBI National Center for Biotechnology Information Sign in to NCBI

BLAST ® 1 blastn suite Home  RecentResults  Saved Strategies  Help

Standard Nucleotide BLAST

blastn ‘ blastp | blastx | tblastn tblastx

MNe query. more... Reset page Bookmark

er Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear

CCCCTCACCATGGGTCAGGCTGGACCTCCAGGTGCCTGTTCTGGGGAGCTGGGAGGGCC
GGAGGGGTGTACCCCAGGGGCTCAGCCCAGATGACACTATGGGGGTGATGGTGTCATGGG
ACCTGGCCAGGAGAGGGGAGATGGGCTCCCAGAAGAGGAGTGGGGGCTGAGAGGGTGCC
TGGGGGGCCAGGACGGAGCTGGGCCAGTGCACAGCTTCCCACACCTGCCCACCCCCAGA
GTCCTGCCGCCACCCCCAGATCACACGGAAGATGAGGTCCGAGTGGCCTGCTGAGGACTT

Or, upload file

Sequénciado
slide anterior

Enter a descriptive title for your BLAST search &
Align two or more sequences &

Choose Search Set

Database Human genomic + transcript © Mouse genomi
Nucleotide collection (nr/nt)

Organism
Optional

Enter organism common name, binomial, or tax id. Only xa will be shown &)
Exclude Models (XM/XP) | Uncultured/environmental sequences
Optional
Limit to Sequences from type material
Optional
Entrez Query Youllll} Create custom database
Optional Enter an Entrez query to limit search &

Program Selection

Optimize for © Highly similar sequences (megablast
More dissimilar sequences (discontiguous megablast)
Somewhat similar sequences (blastn)
Choose a BLAST algorithm &)

—
—

[ & BLAST . Search database Nucleotide collection (nr/nt) using Megablast (Optimize for highly similar sequences)
\
\

Show results in a new window
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THE CANCER GENOME ATLAS
Mational Cancer Institute
Matiomal Human Genome Research Institute

TCGA — The Cancer Genome Atlas

NATIONAL CANCER INSTITUTE
THE CANCER GENOME ATLAS

TCGA BY THE NUMBERS
TCGA produced over TCGA data describes LAneluding
PETABYTES DIFFERENT RARE
of data TUMORTYPES  CANCERS

.based on paired tumor and normal tissue sets
To put this into perspective, 1 petabyte of data collected from

is equal to

212 ooo M 11,000

PATIENTS

D

DVDs _using

7 DIFFERENT
DATATYPES

CANCER TISSUES COLLECTED FOR STUDY
Last Updated: November 02, 2017

Expand All | Collapse All

» Breast

» Central Nervous System

» Endocrine

» Gastrointestinal

» Gynecologic

» Head and Neck

» Hematologic

» Skin

» Soft Tissue

» Thoracic

» Urologic



HUMAN
CELL
ATLAS

MISSION

To create comprehensive reference maps of
all human cells—the fundamental units of
life—as a basis for both understanding
human health and diagnosing, monitoring,
and treating disease.

, The Human Cell Atlas will impact

almost every aspect of biology and
medicine, ultimately leading to a richer
understanding of life’s most fundamental
units and principles.
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https://www.humancellatlas.org/



Projecto do Microbioma Humano

N° células humanas: ~1013
N° células microbianas: ~10%

NIH Human Microbiome Project
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Characterization of the microbiomes Characterization of microbiome and
of healthy human subjects at five human host from three cohorts of

major body sites, using 16S and microbiome-associated conditions,
metagenomic shotgun sequencing. using multiple ‘'omics technologies.

Enter iHMP




Desafios teoricos e computationais

=  Prospecgao de dados biomedicos

= Sequencias biologicas

= Grafos (estrutura de proteinas, redes biologicas)
= Integracao de conhecimento

= Multi-omica

= Complexidade dos fenomenos biologicos

= Medicina de precisao e personalizada

diagnostico, prognostico e terapeutica estratificada

22



Genome Jumper

https://genome-jumper.sib.swiss/
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