
Fast model- based protein 
homology detect ion 
without alignment

Aleksander Sudakov
29.01.08



2

Source

Hochreiter, S., Heusel, M. And Obermeyer, K. 2007. 
Fast  model- based protein homology detect ion 
without alignment. Bioinformatics 23:1728- 1736.
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Tasks

 To analyze protein sequences from 
newly sequenced genomes
 Detect protein homology to other 
proteins
 Ident ify protein funct ion, class, 3D 
structure
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Alignment- based similarity 
methods

 Pairwise alignments (BLAST)
 Support  vector machine (SVM)
 Posit ion- specif ic scoring matrices 
(PSSM)
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Model- based methods

 Account for relevant patterns or 
chemical propert ies
 Interpretat ion of classif icat ion 
results
 Various input
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Recurrent neural networks

 Can extract dependencies between subsequences 
(AB is only indicat ive if  followed by CD)

 Can extract correlat ion within subsequences (AB 
and CD are indicat ive, but AD or BC may be not 
indicat ive)

 Can extract local and global sequence 
characterist ics (hydrophobicity, atomic weight 
etc.)

 Can extract dependencies between amino acids 
over a long interval in the sequence
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Long Short- Term Memory

 Classical RNN – exponent ial decay of 
previously seen information
 LSTM – memory cell architecture
 Stores patterns from previously 
scanned regions
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Memory cell
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Profile

Weigted sum of 
amino acids in 
window
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Computat ional complex ity

 O(L) to classify a new sequence L
 Alignment -  O(L2)
 SVM -  O(N

sv
L2)
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SCOP

M – model based; P – profile input; 

V – semi- supervised; S – SVM

ROC – area under curve; ROC50 – are under top 50 false 
posit ives

SVM methods training set creat ion – 110h

LSTM training set creat ion – 117h
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SCOP 1.53 ROC
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SCOP 1.53 ROC50
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Features AA composit ion, predicted secondary structure, 
hydrophobicity, polarity etc.
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Motif  ex tract ion
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Conclusion

 LSTM 
 Novel method for protein 
classif icat ion and motif  ex tract ion
 3 orders of magnitude faster than 
best performing SVM
 „State- of- art“ results
 Complementary to alignment- based 
approaches


