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 Highly heterogeneous, intratumoral heterogeneous

 Cellular growth, invasion and metastasis

 Neoplasia sólida (ou tumores sólidos)

 Cytogenetic and molecular alterations

disfunction in genome stability and apoptosis
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 `Data selection:
◦ Recombination repair (RER): 25 

genes
◦ Mismatch repair (MMR): 25 genes 
◦ Base excision repair (BER): 17 genes
◦ Nucleotide excision repair (NER): 28 

genes
◦ Chromosome stability : 77 genes
◦ Apoptosis: 98 genes

 Sources:
◦ KEGG 

(http://www.genome.jp/kegg/)
◦ STRING (http://string.embl.de/)
◦ HPRD (http://www.hprd.org/)
◦ CGAP 

(http://cgap.nci.nih.gov/Pathways)
◦ HGNC (http://www.genenames.org/)
◦ PUBMED
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Castro, M. A. A. et al. Nucl. Acids Res. 2007 35:1859-
1867; 
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 Identify the evolutionary root of each 
component

 Map the  orthology to  transfer functional 
information
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 Ortholog groups:
 STRING and InParanoid

 35 eukaryotes

 Map the components
onto the philogenetic
tree

 Penalties system 

Mirkin, BG et al. BMC Evol. Biol. 

(2003) 3, 2.
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Transfering functional data
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Eukarya

Metazoa
Vertebrata
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In a COG:

Number of orthologs

Number of organisms

Number of orthologs per 
organisms

Diversity: High number of 
organisms

Abundance: High number of 
orthologs 
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Figure 6. Summary of the inferred changes in genetic systems. The histograms show the distribution of 180 human orthologs according to the
roots inferred in the eukaryote species tree (for details, see Figures 2 and 3). STNs and the corresponding LCA are indicated. Inset graph shows
the presence fraction of orthologs of each STNs (for details, see Figure 4D). Diverse important events related to the roots of sets of genes are
pointed along the STNs. Chromosome stability (CS).
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 Ancestrality

 Cellular essentiality

 Embryonary lethality

 Gene causally associated
to cancer



Biochemical Pathways - Boehring-Mennheim
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Adaptado de KEEG database (www.genome.jp\keeg\)
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Adaptado de KEEG database (www.genome.jp\keeg\)



 3 classifications - ontologies
◦ Biologic Process

◦ Cellular Component

◦ Molecular molecular functions

 Hierarchical structure
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 Metabolic pathways  function based

 How isolate systems? How estimate errors?
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 Scale-free

 Modular
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Ravasz E. Phys. Rev. E, 67: 026112 (2003)



 Functions?

 Interactions?

 Can we define clusters?

 Error estimatives

 What about evolution?
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 Enumerate the proteins in random list.

 Build an interaction matrix  Mij such that                             
Mij=1 if i and j  interact

Mij=0 if i and j do not interact 

STRING for interaction information        
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Os genes 
estão 
aleatoriamente  
ordenados. 



 Apoptosis and  DNA repair: 180 genes. 
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 Redes apoptosis e repara de DNA: 180 
genes. 
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 Energy of a matrix configuration:

 Randomly choose two proteins, swap their 
positions and recalculate the energy.

 If the swapping lowers the energy, accept 
the change

 Repeat.
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Given a gene set, Modularity is 
defined as the fraction

Number of links between two genes 
in the set 

Number of links involving at least 
one gene in the set



 The gene set is 
given by the w/2 
neighbors to the 
right and to the left 
of each gene.
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w=250
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Tu,B.P., Kudlicki,A., Rowicka,M. & McKnight,S.L. Logic 
of the Yeast Metabolic Cycle: Temporal 
Compartmentalization of Cellular Processes. Science
310, 1152-1158 (2005).
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 Considers different databases: NIH/NCBI, KEGG, 
EMBL, String, etc.

 Deals with different nomenclatures

 Constructs partial gene networks

 Analyzes expression data

 Searches for functional modules

 Identifies different functions

 Globally organizes gene networks

 Network characterization
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Homo sapiens
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http://lief.if.ufrgs.br/pub/biosoftwares/viaco
mplex
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DNA

PROTEÍNA

RNA

TRANSCRIPTION
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GENOMA

Genoma:
~24.000 genes 

(ORFs aprovadas)

Crom. 11: 
1543 ORFs

PROTEOMA

TRANSCRIPTOMA

interação
prot-gene

METABOLOMA

Citrate
synthase

Malate
dehydrogenase

Fumarase

Succinate
dehydrogenase

INTERATOMA

interação
prot-prot
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 Ensembl (Proteins 
and Genes)

 Uniprot EBI –

 Entrez NCBI

 HUGO

 Saccharomyce 
cerevisae

◦ Ecocyc 

◦ STRING (EMBL)

◦ Affymetrix 
(microarray) 

◦ SAGE

◦ KEGG

◦ Gene Ontology

◦ Gene Expression 
Omnibus
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Pico 1
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