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Manuseio de Informacoes
Biologicas

» O que é Bioinformatica?
» Informatica Clinica x Bioinformatica

» Abordagem Reducionista x Modelos Integrativos
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Fontes de Dados Biologicos

» 3 principais fontes: N

» Projeto Genoma Humano

— Pat6genos Genomica
» Sequenciamento ~

Organismos modelo

» Protedmica

» MUITO MAIS FONTES!!
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Implicacoes para a Informatica
Clinica

» Nao e possivel predizer precisamente!!

» Mudancas Possiveis:

» 1 - Informacgoes de sequéncia no prontuario do paciente;

» 2 - Novas fontes de informacgoes de diagndstico e progndstico;

» 3 - Consideracoes Eticas.
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O Surgimento da Bioinformatica

THE CENTRAL DOGMA
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Watson & Crick

No. 4356 Apl’il 25, 1953

equipment, and to Dr. G. E. R. Deacon and the
captain and officers of R.R.S. Discovery II for their
part in making the observations.

! Young, ¥. B, Gerrard, H., and Jevous, W., PAIL. Mag., 40, 149

't.uuum lll?‘lm M. 8., Mon, Not. Roy. Astro, Soc., Geophys. Supp.,

' \lm Arx, W, 8., Woods Hole Papers in Phys, Ocearcg. Meteor., 11

(3) (1950).
‘Ekman, V. W., Arkiv. Ma!, Astron. Fyeik. (Stockholm), 8 (11) (1905).

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic acid (D.N.A.). This
structure has novel features which are of considerable
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey'. They kindly made
thoir manuscript available to us in advance of
publieation. Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside. In our opinion,
this structure is unsatisfactory for two reasons :
(1) We believe that the material which gives the
X-ray diagrams is the salt, not the free acid. Without
the acidic hydrogen atoms it is not clear what forces
would hold the structure together, especially as the
negatively charged phosphates near the axis will
repel each other. (2) Some of the van der Waals
distances appear to be too small.

Another three-chain structure has also been sug-
gested by Fraser (in the press). In his model the
phosphates are on the outside and the bases on the
inside, linked together by hydrogen bonds. This
structure as described is rather ill-defined, and for
this reason we shall not comment
on it.

We wish to put forward a
radically different structure for
the salt of deoxyribose nucleic
acid. This structure has two
helical chains each ecoiled round
the same axis (seo diagram). We
have made the usual chemical
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is & residue on each chain every 3-4 A, in the z-direc-
tion. We have assumed an angle of 38° betwoen
adjacent residues in the same chain, so that the
structure repeats after 10 residues on each chain, that
is, after 34 A, The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have easy access to them,

The structure is an open one, and its water content
is rather high. At lower water contents wo would
expeot the bases to tilt so that the structure could
become more compact.

The novel feature of the structure is the manner
in which the two chains are hold together by the
purine and pyrimidine bases. The planes of the bases
are porpendicular to the fibre axis, They are joined
together in pairs, & single base from one chain being
hydrogen-bonded to a singlo base from the other
chain, 8o that the two lie side by side with identical
z-co-ordinates. One of the pair must be & purine and
the other a pyrimidine for bonding to ocour, The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1; purine position 6 to
pyrimidine position 6.

If it is assumed that the bases only ocour in the
structure in the most plausible tautomerie forms
(that is, with the keto rather than the enol con-
figurations) it is found that only specific pairs of
bases can bond together. These pairs are : adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with cytosine (pyrimidine).

In other words, if an adenine forms one member of
& pair, on either chain, then on mese m:mpwons
the other ber must be thy H ilarly for
guanine and cytosine. The sequence of bases on &
single chain does not appear to be restricted in any
way. However, if only specific pairs of bases can be
formed, it follows that if the soquence of bases on
one chain is given, then the sequence on the other
chain is automatically determined.

It has been found experimentally®* that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to cytosine, are always very close to unity
for deoxyribose nucleic acid.

Tt is probably impossible to build this structure
with a ribose sugar in place of the deoxyribose, as
the extra oxygen atom would make too close a van
der Waals contact,

The previously published X-ray data®® on deoxy-
ribose nucleic acid are insufficient for a rigorous test
of our structure. So far as we can tell, it is roughly

assumptions, n.m-nn]y, thnt each
chain ph di-

ester groups ]ommg B-p-deoxy-
ribofuranose residues with 3,5
linkages. The two chains (but
not their bases) are related by a
dyad perpendicular to the fibre
axis, Both chains follow right-
handed helices, but owing to
the dyad the sequences of the
atoms in the two chains run
in opposite directions. Each
chain loosely resembles Fur-
berg's? model No. 1; that is,
the bases are on the inside of
the helix and the phosphates on
the outside. The configuration
of the sugar and the atoms
T pear it is close to Furbergs
‘standard configuration’, the
sugar being roughly perpendi-
cular to the attached base. There

Logether.
an marka the fibre axis

ible with the experimental data, but it must
be regarded as unproved until it has been checked
against more exact results. Some of these are given
in the following communications. We were not aware
of the details of the results presented there when we
devised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

It has not escaped our notice that the specific
pairing we have postulated immediately suggests a
possible copying mechanism for the genetic material.

Full details of the structure, including the con-
ditions assumed in building it, together with a set
of co-ordinates for the atoms, will be published
elsewhere.

We are much indebted to Dr, Jerry Donohue for
constant advice and criticism, especially on inter-
atomic distances. We have also been stimulated by
a knowledge of the general nature of the unpublished
experimental results and ideas of Dr. F.
Wilkins, Dr. R. E. Franklin and their co-workers at
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Explosao de Dados

» Presenca de computadores em diversos métodos:

» Cristalografia de Raio-X, Ressonancia Magnética Nuclear,
Sequenciamento.

====) Armazenamento, Andlise e
> Dados Disseminacao

» Volume da Dados IMENSO!
> 22.3 milhdes de sequéncias mmph ] milhOes de sequéncias!!!

» 15 milhoes de citacoes literarias

» 40 mil sequéncias proteicas =30 mil sequéncias!!!
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Explosao de Dados
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Sequeéencias na Biologia

» Blocos basicos de construcao

» Problemas:

» Modelos padroes de banco de dados;

700\ 11001010110 {of |
ACCGTTACGGACTT A
CATGGGTAGGGRG GGG )
ouonmnmoomou

» Banco de Dados Relacional.

> " . . 7 A .
Sequenciaporsiso £S5 Sequéncia dentro de um

» Banco de dados orientado a objegof;up 0




Estruturas na Biologia

» Sequéncia

» Estrutura leva a Funcao

» Densidade de informacoes!!




Biologia de Sistemas

» Entender como proteinas e genes interagem a nivel celular.

» Algoritmos -> Analise integrada

» Combate a doencgas.

» Principais pesquisas na bioinformatica

» Vias chave de producao/degradacao
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Analise Genomica

- Analise de estrutura por
Cristalografia de Raio-X
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Analise Genomica

- A Analise do Sequenciamento por
BLAST

Wodel 3730 File: 40208300 1_SM123REP_UF2_HI6 ab1 Signal G:123 A110 T94 C27 Page 1 of2
BIO KBbep 1] KB_3730_POPT_BOTvE meb 81182012
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BiDownload ~ GenBank Graphics

Homo sapiens RMNA, 455 pre-ribosomal 5 (RMNA4555), ribosomal RMA
Sequence ID: reflNE 046235 1] Length: 13357 Humber of Matches: 1

Range 1: 10714 to 10825 GenBank Graphics
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Analise Genomica

- Clustering da
Expressao de
Genes
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Arquivo Genomica

Resources ¥ How To (%) Sign in to NCBI
GenBank Nucleotide v Search
O ‘ e
| GenBank + | Submit dbvar w  Metagenomes + TPA = TSA + | INSDC =  Other =
GENBANK
GenBank Overviey CGene GenBank Resources

Genome

What is GenBank? GEOQ DataSets GenBank Home
do N C B I oS enEAne GEO Profiles Submission Types
@, . . . . .
.
GenBank = is the NIH gen¢  GSS notated collection of all publicly available DNA sequences (Nucleic Acids Submission Tools

Research. 2013 Jan:41(D1 GTR he International Mucleotide Sequence Database Collaboration , which comprises

the DNA DataBank of Japa HomoloGene otide Archive (ENA), and GenBank at NCBI. These three organizations exchange ~ Search GenBank

data on a daily basis. MedGen Update GenBank Records
MeSH

A GenBank release occurs, able from the fip site. The release notes for the current version of GenBank

provide detailed informatior NCBI Web Site tions of upcoming changes to GenBank. Release notes for previous GenBank
releases are also available] NLM Ca_lalog both the traditional GenBank divisions and the WGS division are available from
each release. GenBank g g::ll:.eﬂm'de ditional GenBank divisions and the WGS division are available from each release.
An annotated sample GenB  pp4e es cerevisiae gene demonstrates many of the features of the GenBank flat file
format. PopSet

Probe
Access to GenBank | ... .

There are several ways to search and refrieve dafa from GenBank.

» Search GenBank for sequence identifiers and annotations with Entrez Nucleotide. which is divided into three divisions:
CoreMucleotide (the main collection), dbEST (Expressed Sequence Tags), and dbGSS (Genome Survey Sequences).

» Search and align GenBank sequences to a query sequence using BLAST (Basic Local Alignment Search Tool). BLAST searches
CoreMucleotide, dbEST, and dbGSS independently; see BLAST info for more information about the numerous BLAST databases.

« Search, link, and download sequences programatically using NCEI e-utilities.

* The ASN.1 and flatfile formats are available at NCBI's anonymous FTP server: ftp//ftp ncbi.nlm.nih gov/ncbi-asn1 and
ftp:/fftp.nchi.nlm. nih. gov/genbank .
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The Exponential Growth of Genbank

J.00E+10~-
250E+10-

2.00E+10

e otal number of bases

1.50E+10

MNumber

1.00E+10-

L£.00E+0O

1.00E+02 . g .
10338 1960 1062 1964 1906 1998 2000 2002

1982 1984 1985
Year




Arquivo Genomica

| |[Organism or Sample Properties|

[Relationship To Oxygen||facultative |

|  Temperature Range|lmesophile |

[Replicon ||Total Genes||Protein Genes|[RNA Genes|[Pseudogenes||Size (bp) |[NCBI Link|

ichromosome || 44594]| 4284]| 198 175/[4,641,652| |

- E C O CYC o [Genes without a physical map position:|[2 |
L]
. [Pathways: || 343]
Genoma E. coli T T—
[Transport Reactions: || 477]
[Polypeptides: |l4514]
|[Protein Complexes: [[1079]
[Enzymes: [|[1572]
|Tran5porter5: || 2?1|
|Compounds: ||2751]
[Transcription Units: ||3556]
[tRNAS: | a3
[Growth Media: || 434
[Transcriptional Regulation: ||3553]
[Protein features: |l4224]
[Phenotype Microarray Datasets:|| 5]
[GD Terms: ||5733]
[Gene Essentiality Datasets: IE




Arquivo Genomica

- OMIM:.:
Banco de
Dados Pos-
genomicos

YEARS

MIM

Human Cenetics Knowledge
for the World

OMIM*®

Online Mendelian Inheritance in Man®

An Online Catalog of Human Genes and Genetic Disorders
Updated May 26, 2017

Search OMIM for clinical features, phenotypes, genes, and more... Q

Advanced Search : OMIM, Clinical Synopses, Cene Map
Need help? : Example Searches, OMIM Search Help, OMIM Tutorial

Mirror site : mirror.omim_org

OMIM is supported by a grant from NHGRI, licensing fees, and generous contributions from people like you.




Desafios

I Coletar o Genoma Humano de outros humanos,
comparar e arquivar

I Associar a informacao molecular com sintomas e
doencas




Perguntas

1) Como a era da Genomica/Pos-Genomica
ajudou a moldar as bases da Bioinformatica?
Comente um programa de Bioinformatica que

voce ja utilizou.

2) Gracas a bioinformatica, foram possiveis
otimizar diversas etapas na area genomica.
Descreva duas elas.
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