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Motivation 

• Phytophthora Science paper [Tyler et al., 2006] 
• …Comparison of the [P. sojae and P. ramorum] 

genomes reveals a rapid expansion and 
diversification of many protein families associated 
with plant infection such as hydrolases, ABC 
transporters, protein toxins, proteinase inhibitors, 
and, in particular, a superfamily of 700 proteins with 
similarity to known oömycete avirulence genes.  



The concept of family 

• A group where members share one or more 
characteristics 

• In biology: usually descent or function 
• Examples 



The family felidae 



Oomycota 
• Kingdom: Chromalveolata  
• Phylum: Heterokontophyta  
• Class: Oomycota  
• Orders (& families) 
•  Lagenidiales 

– Lagenidiaceae 
– Olpidiosidaceae 
– Sirolpidiaceae 

• Leptomitales 
– Leptomitaceae 

• Peronosporales 
– Albuginaceae 
– Peronosporaceae 
– Pythiaceae 

• Rhipidiales 
– Rhipidaceae 

• Saprolegniales 
– Ectrogellaceae 
– Haliphthoraceae 
– Leptolegniellaceae 
– Saprolegniaceae 

• Thraustochytriales 
 

Phytophthora 
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http://en.wikipedia.org/wiki/Lagenidiales�
http://en.wikipedia.org/w/index.php?title=Lagenidiaceae&action=edit&redlink=1�
http://en.wikipedia.org/w/index.php?title=Olpidiosidaceae&action=edit&redlink=1�
http://en.wikipedia.org/w/index.php?title=Sirolpidiaceae&action=edit&redlink=1�
http://en.wikipedia.org/wiki/Leptomitales�
http://en.wikipedia.org/wiki/Leptomitales�
http://en.wikipedia.org/wiki/Peronosporales�
http://en.wikipedia.org/wiki/Albuginaceae�
http://en.wikipedia.org/wiki/Peronosporaceae�
http://en.wikipedia.org/wiki/Pythiaceae�
http://en.wikipedia.org/w/index.php?title=Rhipidiales&action=edit&redlink=1�
http://en.wikipedia.org/w/index.php?title=Rhipidiales&action=edit&redlink=1�
http://en.wikipedia.org/wiki/Saprolegniales�
http://en.wikipedia.org/w/index.php?title=Ectrogellaceae&action=edit&redlink=1�
http://en.wikipedia.org/w/index.php?title=Haliphthoraceae&action=edit&redlink=1�
http://en.wikipedia.org/w/index.php?title=Leptolegniellaceae&action=edit&redlink=1�
http://en.wikipedia.org/wiki/Saprolegniaceae�
http://en.wikipedia.org/w/index.php?title=Thraustochytriales&action=edit&redlink=1�


Family by function 

• The “family” of all effector proteins found in 
the phytophthora genus 

• Members in general do not share an ancestor 
• Function is ill-defined in this case 

 



Protein families 

• Shared characteristic: common ancestor 
• The concept of phylogeny is closely associated 

with that of family 



Felidae 



Tyler et al., Science, 2006 



Tyler et al., Science, 2006 



Family (or grouping) by function 

• A controlled vocabulary is necessary 
• Gene Ontology 
 



Protein families by homology 

• Aula 1 
– Important concepts 
– How to build a protein family 
– Protein family resources 

• Aula 2 
– Phylogeny 

 



Homology 

• Two genes that share an ancestor are said to 
be homologous 

• Often (but wrongly) used with the sense of 
“similar” 

• Similarity does not necessarily mean 
homology! 

• Two kinds of homologous genes 
– Orthologs and paralogs 



Orthologs 
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speciation 



Paralogs 

23 August 2012 15 JC Setubal Figure by C. Lasher 



Protein family 

• Operational definitions 
– Two proteins are in the same family if their genes 

are homologous 
• or 

– Two proteins are in the same family if their genes 
are orthologous 
 

• Will abuse language and mention homologous 
genes and homologous proteins 
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In-paralogs 

Figure by C. Lasher 



Homology and function 

• We would like orthologous proteins to have 
the same function 

• This is generally but not always the case 
• Paralagous genes are more prone to develop 

new functions 
– Neo-functionalization 

• In practice 
– Protein family: homology and shared function 
– Superfamilies and subfamilies 



Phylogenetic tree of the WHAMM proteins  
Kollmar et al. BMC Research Notes 2012 5:88   doi:10.1186/1756-0500-5-88 
 



Audiences for this lecture 

1. You have a sequence and you want to build 
its family 

2. You want to explore and use existing protein 
family resources for families you are 
interested in 

3. You have a new genome and you want to 
place all of its genes into their families 



Audience 1 

You have a sequence and  
you want to build its family 

 



How to build a family 

• Given a protein sequence 
– Determine other members 
– Create multiple alignment 
– Create family signature 
– Create model (Hidden Markov model) 



Pipeline 

Input sequence BLAST Multiple alignment 

curation 

Family signature 
HMM 

NR (NCBI) 

phylogeny 

curation Family profile 



Problems & Tools 
• BLAST 

– Max e-value and/or minimum identity 
– Minimum coverage 

• 80% query, 80% subject 
• PSI-BLAST 
• Multiple Alignment 

– Aula 2 
• HMM 

– Use Pfam package 
• If you don’t know what you’re doing, don’t try this at 

home!  
 



Comparação de sequencias 

• Similaridade “suficiente” → mesma função 
• O que é similaridade? 
• O que é “suficiente”? 
• Google das sequencias: BLAST 
• Basic Local Alignment Search Tool 
• Altschul et al., 1990, 1997 
• No ano 2000 já tinham mais de 13.000 

citações 









Buscando no GenBank 



Lista de hits 



Outros tipos de análise 

• Alinhamento múltiplo 
 
 
 

• Construção de árvore filogenética 
• Construção de uma assinatura de uma família 

– Modelo oculto de Markov (HMM) 
• Predição de estrutura 

PNAS June 21, 2005 vol. 102 no. 25 8949-8954 



Issues 

• Two proteins may share a domain and be 
unrelated  
– BLAST false positives 

• Multiple domain architectures 

http://en.wikipedia.org/wiki/File:1pkn.png Pyruvate kinase 



HMM 

• They capture what is ‘essential’ to define the 
family 
 

http://compbio.soe.ucsc.edu/ismb99.handouts/KK185FP.html 



Audience 2 

You want to explore and use 
existing protein family 

resources for families you are 
interested in 

 



Protein family resources 

Clusters of orthologous groups (COG, KOG, eggNOG) 

KEGG orthologs 





Query by accession 



Query by sequence search 













Phylofacts 
query by sequence search 



Resource federation: InterPro 



Not as easy as it may sound… 

• Specific protein families may not be consistent 
across resources 

• Most families (MSAs, trees, HMMs) in these 
resources are not manually curated 
– Domains in Pfam-A are curated 
– TIGRfams are curated 
– HAMAP families are curated 



Audience 3 

You have a new genome and 
you want to place all of its 
genes into their respective 

families 
 



Solutions 

• Build one at a time (impractical) 
• orthoMCL 
• multiParanoid 
 



Li Li et al. Genome Res. 2003; 13: 2178-2189 

orthoMCL pipeline 





Final remarks 

• The need for experimental results 
• Conserved hypotheticals 

– The domino effect 
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