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constraints

Statistical modeling of protein sequences

Information?

Protein family Multiple Sequence Alignment



  

Sequence functionality landscape

“Functionality” of sequence

Bad sequences

Good sequences



  

“Functionality” of sequence
Families of homologous sequences

● Conserved structure and function
● Low sequence ID (20-30%)

Global sampling of sequence 
landscape

How can we model this ?

Sequence functionality landscape



  



  

Evolutionary
constraints

Direct Coupling 
Analysis (DCA)

Couplings Fields

Global statistical model



  



  

DCA: Successful model

●  Predicting 3D structure

●  Predicting effect of mutations

●  Predicting protein-protein 
interactions

Figliuzzi et al., MBE, 2015

Morcos et al., PNAS, 2011
Ovchinnikov et al., Science, 2017

Gueudré et al., PNAS, 2016

Review: Cocco et al., 2018

How good are DCA models at describing 
functionality of a protein ? 



  

Is the DCA model generative?
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Statistics of natural sequences

1 residue 
freqs. 

2 residue 
corr.

3 residue 
corr. 

Fitted quantities Non-fitted quantities

Projection onto the 
Principal Components 
of the MSA

DCA and natural sequences are 
statistically indistinguishable

Are DCA sequences functional ? 

 

Sample from the DCA sequence landscape
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Sample from the DCA sequence landscape

Is the DCA model generative?
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Is the DCA model generative?

Figliuzzi et al., MBE, 2018



  



  

Protein design: Chorismate mutase

DCA energy ~30 %



  

Protein design: Chorismate mutase

DCA energy ~30 %

Low energy DCA sequences are variable and functional



  

Feedback! 



  

Supervised learning problem: 
Infer parameters from natural sequences and 
phenotypes

relative enrichment

Test on designed 
sequences !



  



  

Conclusion

● Alignments of homologous proteins contain sufficient 
information for generating non-natural functional 
sequences

● This is done by modeling homologous sequences with a 
pairwise exponential model 

Direct Coupling Analysis
➔  Fitted on conservation and correlation in the alignment
➔  Reproduces non-fitted quantities
➔  Can be improved using experimental feedback
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Thank you !
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