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Bio-informatica vs.
Biologia Computacional

Ha muita controversia quanto a estestermos.

Para alguns

Bio-informatica € uma especializacao da
Informatica que trata de desenvolver
ferramentaspara lidarcom dadosbiolégicos.

Biologia (Molecular) Computacional area de
pesguisa que combina conhecimentosde
Quimica, Hsica, Biologia,C.Computacano,

Matematica e

CSstatistica para atacar

problemasde Biologia Molecular.



Historico da Bra Gendmica - 1990

Inicio: Outubro de 1990

LlLancamento do Projeto Genoma Humano
- Sequenciaro DNA humano (3¢ 102 pb) e
- ldentificar osestimados 100 mil genes.

AtoresPrincipals:

Consorcio envolvendo EUA, Inglaterra,
Hanca,Japao,Alemanha e China.

Prazo: 15anos(terminaria em 2005)

Orcamento: USB3 bilhdesde dolares



Historico da BEra Gendmica - 1992

1992
- Consorcio fazmapasdos
cromossomoshumanos

- Craig Venter,pesquisador
do NIH,funda The Institute
for Genomic Research (TIGR)



http://en.wikipedia.org/wiki/Image:Craigventer2.jpg

Historico da Bra Gendmica - 1995

Grupo de pesquisadoresda TIGRpublica
na revista Science o artigo

Whole-genome random sequencing and
assembly of Haemophilus influenzae Rd.
Heischmann RD,AdamsMD,et al.

com a seqUéncia de DNA da bactéria
Haemophilusinfluenzae (otite, meningite)

Tamanho: 2 10° bp

Técnica: double-barrel shotgun sequencing
e Mais custo computacional
e Muito menos tempo e custo em labs.




Strategies for Generating
the Human Genome Sequence
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Historico da Bra Gendmica —96-98

Pesguisadoresda TIGRpublicam as
seqlUénciasde DNA de outrasbacterias
Mycoplama genitaluim (1996) (menor bactéria)
Methanococcusjannaschii (1997)

1998
Craig Venter se associa com a Applied
Biosystemspara fundar a Celera Genomics Corp.,
com o objetivo de seqguenciaro genoma
humano em 03 anos(2001),
ao custo de US$H300 milnbes(1/10do
orcamento do projeto do Consorcio).




Historico da Bra Gendomica —99-00

O Consorcio revé assuasprevisoes, e anuncia
a conclusao do seqlienciamento para 2003,

mento do primeiro
consorcio mundial.

nciam a conclusao
noma humano.




Historico da BEra Gendmica — Fev 2001

The Sequence ofthe
Human Genome

J. C.Venter, M. D. Adams,
E W. Myers, et al.

Initial Sequencing and Analysis
of the Human Genome
Consoércio Mundial




Biologia Molecular 101 em 2 Minutos

Cromossomos Genoma

O DNA contém
genes que codificam
s, proteinas

proteins

Genes sao expressos
gerando protelnas

orin complexes 7. e ST gg * ;,
f
perform many cellular Y

functions - Protelnas atuam
From Genes to Proteins sozinhas ou em

http://www.ornl.gov/

complexos



O GenBank

Do ponto de vista da computacao, foram criadas

InUmeras sequéncias sobre o alfabeto {a, c, g, t}

1 gatcctccat atacaacggt atctccacct caggtttaga tctcaacaac ggaaccattg
61 ccgacatgag acagttaggt atcgtcgaga gttacaagct aaaacgagca gtagtcagct
121 ctgcatctga agccgctgaa gttctactaa gggtggataa catcatccgt gcaagaccaa
181 gaaccgccaa tagacaacat atgtaacata tttaggatat acctcgaaaa taataaaccg
241 ccacactgtc attattataa ttagaaacag aacgcaaaaa ttatccacta tataattcaa
301 agacgcgaaa aaaaaagaac aacgcgtcat agaacttttg gcaattcgcg tcacaaataa
361 attttggcaa cttatgtttc ctcttcgagc agtactcgag ccctgtctca agaatgtaat
421 aatacccatc gtaggtatgg ttaaagatag catctccaca acctcaaagc tccttgccga
481 gagtcgccct cctttgtcga gtaattttca cttttcatat gagaacttat tttcttattc
541 tttactctca catcctgtag tgattgacac tgcaacagcc accatcacta gaagaacaga
601 acaattactt aatagaaaaa ttatatcttc ctcgaaacga tttcctgctt ccaacatcta
661 cgtatatcaa gaagcattca cttaccatga cacagcttca gatttcatta ttgctgacag
721 ctactatatc actactccat ctagtagtgg ccacgcccta tgaggcatat cctatcggaa
/81 aacaataccc cccagtggca agagtcaatg aatcgtttac atttcaaatt tccaatgata
841 cctataaatc gtctgtagac aagacagctc aaataacata caattgcttc gacttaccga
901 gctggctttc gtttgactct agtictagaa cgttctcagg tgaaccttct tctgacttac
961 tatctgatgc gaacaccacg ttgtatttca atgtaatact cgagggtacg gactctgccg

Link:


http://www.ncbi.nlm.nih.gov/Genbank/index.html

Aproxima-
damente
85 bilhoes
de pares
de base

O GenBank do NCBI

Growth of the
International Nucleotide Sequence Database Collaboration

EUDNIEG W) BIpR D2k g

Link:

Base Pars conlribuled by GenBankE—=0 EMBL=— DDBE) =N



http://www.ncbi.nlm.nih.gov/Genbank/index.html

O genoma
e como
um livro

dividido
em
capitulos
(cromos-
SoOmos)

e
estes em
palavras
(genes)

O que fazer com tanta Letrinha?
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350 bp of 3' UTE homology

inkerrupting +EDFEL_EN 2174-2268&

center of stem loop before poly & sigmal
poly & sigmal ; end 1100 mENA; mew poly &

452 bp residuval prion promoter

conserved motifs

unknown insert in rat with flanking ggog
SP-1, AP-1, &P-2 CCATT sites

exon 1 of rat prion; start of introm 2




GGenes sao transcritos e traduzidos
dando origem a proteinas

Transcription & Translation

Intron 1 Intron 2
l RNA synthesis (transcription)
RNA Introns are removed

(RNA splicing)

mRNA *

: Protein synthesis
Protein (translation)




Mas se fosse muito simples nao
seria tao Interessante

Foram
encontrados
apenas cerca
de 25mil
genes, ao
Inves dos 60 a
100 mil genes
estimados a
principio.

(a) Alternative selection of promoters (e.g., myosin primary transcript)

-E/E?/: C;.: ) L

|

| 2

(b) Alternative selection of cleavage/polyadenylation sites (e.g., tropomyosin transcript)

— \%\— e

= Polyadenylation " ~ ]

sites

(c) Intron retaining mode (e.g., fransposase primary transcript)

(d) Exon cassette mode (e.g., froponin primary transcript)

=
—



Os genes dos eucariotos sao
compostos por exons € 1ntrons ...

S'End ‘
N-terminal 3'End
C-terminal
Intron
ATG = Translation start condon TAA = Translation stop condon
(Encodes methioning) TAG
TGA
T= Thymine A= Adenine G = Guanine C = Cytosine

Hedscape ® http:/wwvwwwmedscape.com



Os Introns sempre desaparecem
por ocasiao do splicing.
Os exons podem permanecer ou nao.

Intervening sequences

/—[intmnsj \
O/

K \ DA,

Coding regions
(e@Xons)

lTranscriptiun
5 cap Aln
prirnany transcript

lSplicing
5 cap

RNA N



Os genes tém a sua expressao controlada
por Fatores de Transcricao

P53 as transcription factor: tumor suppressor activity

P53 tumor suppressor peptdyl-prolyl
protein kinases phosphates / somerase
\ P38, JK, cac2 Binds orly if X-Pro

5 H¥eSer or A-Thr &

if Seror Thris O fOCO da

phosphorylated ~
atencao
passou

conformational en téo
change k

para as
proteinas

(p5S3 response element)
(after Hyan and Yousden, Mature, 419, pg 795, 2002



Os niveis de expressao de um gene variam
com 0sS promotores gque se ligam a regiao
reguladora, imediatamente antes do gene

Promoter type

Expression vector promoter region

Expression level

Minimal

Constitutive

Cell-specific

Regulated

mcs -JIArY- Reporter

(é} 0(&) . . TATA INTToT- P

AP1 CAAT AP1 SP1 SP1

L (O oS
Saiiananso.  CAAT

Cell-specific

OO - wes — -+

IHFiE HRE HRE HFiEI

hormone-response elements

Insert-dependent

High

Cell type-dependent

Low —» High



O que e ProteOmica?

Protedmica é o estudo das proteinas, com
suas estruturas e funcoes.

Link para Expasy:

Link para PDB:


http://ca.expasy.org/cgi-bin/prosite/PSView.cgi?ac=PS50057&onebyarch=1&hscale=0.6
http://ca.expasy.org/cgi-bin/prosite/PSView.cgi?ac=PS50057&onebyarch=1&hscale=0.6
http://ca.expasy.org/cgi-bin/prosite/PSView.cgi?ac=PS50057&onebyarch=1&hscale=0.6
http://www.rcsb.org/pdb/home/home.do

O nivel de expressao dos genes em diferentes con-
dicoes ou em Intervalos de tempo pode ser medido
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w-.::ﬁ"r L W W M~
1ES-0MA LES-DNA
Sample A Samphe B
v Fluorescent Labelling
mErar Moy
Mo
18S-DNA %/ 185-DNA
Papulation A (Cy3) Population B {Cy5)
g f § f DN A-C hl'p

3333
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Em setembro de 2006, o GEO (

)

do NCBI continha mais de 3.2 bilhdoes de medidas, tomadas

sobre mais de 200 organismos.


http://www.ncbi.nlm.nih.gov/geo/

Interacoesentre Proteinas

Proteinas geralmente
atuam em conjunto,
e se organizam |
em redes do tipo ﬂ_ﬂi?;ﬁ-
small world, com
muitos nos de
grau baixo e

poucos nos de
grau alto (Aubs) .




Interacoes entre Proteinas

Proteinas :"iu“%”% F:df/%,
relacionadas ¢ allle - *
funcionalmente
encontram-se a #°*"
uma distancia £ " <7
muito pequena, %,
e em geral sao
vizinhas nos ¥ =5
mapas de -
interacao. QléiOgeneg\"’ 5, -
T oM sengti:::‘\&

Confirmed interactions with orthologs
ctors

= = ¥ of mammalian known interacto


http://www.biomedcentral.com/1471-2164/7/105/figure/F3

Doencas Humanas e Alvos de Drogas
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Dobramento de Proteinas
Um problema bem Dificll




Predicao de Estrutura de Proteinas

From Protein Structure and Function
by Gregory A Petsko and Dagmar Ringe

(a) Primary
Nt : ;
)
............... c'
(b) Secondary
N
C

alpha helices beta strands

(c) Tertiary

¢
g

(d) Quaternary

) :



Dobramento de Proteinas
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Dobramento de Proteinas
Beta Barrel

8 1.2 7 4 5 6 3



Docking e o Projeto de Drogas

Detalhes como orientacao e angulo de ligacao de
todos os residuos do sitio ativo S&o essenciais.

Target 14: Myosin
phospatase-targeting
subunit—protein ST

phosphatase




The Blue Gene Project

Em dezembro de 1999, IBM anunciou um projeto
orcado em $100 milhGes de dblares em 5 anos.

Objetivo: Construir um computador massivamente
paralelo para ser aplicado no estudo de fenOmenos
biomoleculares, como protein folding.

supercomputadores que operam
da ordem de 478 TFlops (continuado) e 596 TFlops no pique!

Top 500 parallel Computers, Nov/2007:


http://domino.research.ibm.com/comm/research_projects.nsf/pages/bluegene.index.html
http://domino.research.ibm.com/comm/research_projects.nsf/pages/bluegene.index.html
http://domino.research.ibm.com/comm/research_projects.nsf/pages/bluegene.index.html
http://domino.research.ibm.com/comm/research_projects.nsf/pages/bluegene.index.html
http://www.top500.org/

Nosso Trabalho Nesta Area

Nos ultimosanostemostrabalhado em:

- Predicado de Estruturasde Proteinas

- Reconstrucao de Redesde Genes
(em geral e relacionadasa doencas)

- Interacdo entre Proteinase Genes

- NPs (single nucleotide polimorphism)
e Haplotyping Novo!



Predicao de Estruturasde Proteinas

o
_ |EEE

BIBE
2003

Combining Few Neural Networks for

. Hfective Secondary Structure Prediction

K.Guimaraes,J. Melo e G.Cavalcanti
Bethesda, USA, Marco 2003

LSM Protein Secondary Structure Prediction:
,’ @ Hficient Neural Network and Feature

Extraction Approaches

J.Melo,G.Cavalcantie K.Guimaries
|

Hectronics Letters, 2004



Reconstrucao de Redesde Genes

A Smpler Bayesian Network Model for

LJCNN | Genetic Regulatory Network Inference
2005 |Gustavo Bastosand Katia S Guimaraes

Montreal, CA,Agosto 2005

LNGS

Analyzing the Effect of Prior Knowledge In
Genetic Regulatory Network Inference

Gustavo Bastosand Katia S Guimaraes
Dezembro 2005




Interacdo entre Proteinase Genes

ALGORITHMS FOR
AMB:| MOLECULAR BIOLOGY
Decomposition of overlapping protein complexes:

A graph theoretical method for analyzing static and

dynamic protein associations
E. Zotenko, K. S. Guimaraes, R Jothi, T Przytycka

Abril 2006

Genome Biology

Predicting domain-domain interactions
using a parsimony approach

K. S. Guimaraes, R Jothi, E Zotenko, T Przytycka
Novembro 2006


http://genomebiology.com/home/
http://www.almob.org/
http://www.almob.org/
http://www.almob.org/
http://www.almob.org/
http://www.biomedcentral.com/info/about/faq?name=impactfactor

Interacdo entre Proteinase Genes

(omc

Bioinformatics
Interrogating domain-domain interactions with parsimony
based approaches

K. S Guimaraesand T Przytycka
Marco 2008


http://www.almob.org/
http://www.almob.org/
http://www.biomedcentral.com/info/about/faq?name=impactfactor

INPse Haplotyping

. ataggtccCtatttcgcgcCgtatacacgggActata .. &  CCA
. ataggtccGtatttcgcgcCgtatacacgggTctata .. @  GCT
. ataggtccCtatttcgcgcCgtatacacgggTctata .. @  CCT

0.1% diferenca de um individuo para outro.
80% dasvariacoesem SNPs

Ponto frequente de caracterizacao de
doencas

Abordagens Combinatoriais e Estatisticos


http://www.almob.org/
http://www.almob.org/
http://www.biomedcentral.com/info/about/faq?name=impactfactor

INPse Haplotyping

Araljo, FRB ; GUIMARAES, K. S. . A Case-Control Study of
Non-parametric Approaches for Detecting SNP-SNP
Interactions. In: XXX International Conference of the Chilean
Computer Science Society, 2011, Curico, Chile. Proc. of the
XXX International Conference of the Chilean Computer
Science Society, 2011.



INPse Haplotyping

Rosa, Rogério S. ; GUIMARAES, K. S. . Insights on Haplotype
Inference on Large Genotype Datasets. In: Brazilian Symposium
on Bioinformatics (BSB) 2010, 2010, Buzios, RJ, BRAZIL.
Lecture Notes in Bioinformatics. Berlin, Alemanha : Springer,
2010. v. 6268. p. 47-58.

Rosa, Rogério S. ; Santos, R.H.S. ; GUIMARAES, K. S. . Accurate
Prediction of Error in Haplotype Inference Methods through Neural
Networks. In: IJCNN - Int. Joint Conference on Neural Nets, 2012,
Brisbane. Proc. of the IJICNN 2012. Piscataway, NJ, USA : IEEE
Publishing, 2012.



Micro Array Clustering

Monteiro, Carla C.R.R. ; GUIMARAES, K. S. . Logistic
Biclustering Models for Protein Network Inference. In: IEEE
International Conference on Bioinformatics and Bioengineering,
2009, Taichung, Taiwan. BIBE 2009 Proceedings, 2009.



