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• Same as “fold recognition”
• Prediction of the structural fold of a protein sequence by ”fitting” the 
sequence onto structures from a structural database
• Secondary structure prediction is important to choose the best 
template candidates
• Calculate energy and other parameters for all possibilities
• Choose the best fold, for example the one with the lowest energy
• Detects structural similarity in the absence of sequence similarity

• GenThreader
• Phyre2
• Fugue

• May only be used to generate a rough model
• Threading does not give accurate models!
• May be used to detect remote homologs

• No hits with BLAST or PSI-BLAST?
• Try threading!

• “BLAST will give you the protein family”
• “Threading will give you the protein superfamily”
• Might argue: threading is more useful for detecting homology than for 
generating 3D structures



Threading/Fold recognition
>Unknown_protein
MPARALLPRRMGHRTLASTPALWASIPCPRSELRLDLVL
PSGQSFRWREQSPAHWSGVLADQVWTLTQTEEQLHCTVY
RGDKSQASRPTPDELEAVRKYFQLDVTLAQLYHHWGSVD
SHFQEVAQKFQGVRLLRQDPIECLFSFICSSNNNIARIT
GMVERLCQAFGPRLIQLDDVTYHGFPSLQALAGPEVEAH
LRKLGLGYRARYVSASARAILEEQGGLAWLQQLRESSYE
EAHKALCILPGVGTKVADCICLMALDKPQAVPVDVHMWH
IAQRDYSWHPTTSQAKGPSPQTNKELGNFFRSLWGPYAG
WAQATPPSYRCCSVPTCANPAMLRSHQQSAERVPKGRKA
RWGTLDKEIPQAPSPPFPTSLSPSPPSLMLGRGLPVTTS
KARHPQIKQSVCTTRWGGGY 

What is the 
structure of this?
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As for other bioinformatics methods:
• Precision might be overestimated
• The results might be completely wrong
• If several independent tools give the same result it is much more 
likely to be correct
• Use several tools!
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Knowledge-based modeling:

Homology modeling
Threading == Fold recognition

3 methods:

Ab initio modeling == De novo modeling

Your results will be predictions: They must be 
checked  with experiments!



3D structure prediction - Summary
Start with target sequence

1. Sequence homology to protein that has structure in PDB (better 
than 20-30% sequence identity)               Homology modeling

2. No good hit with sequence searching:
• Fold recognition/threading might give correct fold

3. No results from fold recognition/threading:
• You might try ab initio folding, but the result will most likely 

be very unreliable

Homology models can be of good quality and might be useful for:
• Docking two or more proteins together
• Designing drugs
• Identifying active sites and amino acids for generating mutant 

proteins, etc.

Fold recognition/threading might give the protein overall fold and 
possibly indicate function 

If the fold is that of a helical cytokine Your protein is also possibly a 
helical cytokine 
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How to find a homolog…
• Try blast (will find close homologs) or similar

– Protein search will find more remote homologs than nucleotide 
search

• Then try psi-blast (will find less close homologs, that still 
have some sequence similarity) 

• If you known the 3D structure of your query protein, use 
Dali or similar and search in PDB – will find remote 
homologs if template structure is known

• Else, try fold recognition – might find homologs if 
template structure is known

• Homology can tell you about function,
structure, etc.



“Modeling” or “Experiment”
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CASP: Critical Assessment of Techniques for Protein Structure 
Prediction
- Benchmarking of structure prediction tools

Jon K. Lærdahl,
Structural Bioinformatics



Contact assisted methods
• Use the methods we have discussed, but 

in addition, information on residues that 
are close together in 3D space

Taylor et al. Proteins 82, 84 (2014)
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Contact assisted methods
• Co-evolution/co-variation from MSAs

• Experimental methods
– NMR
– Crosslinkers & MS

• Promising field!

Marks et al. Nat. Biotech. 30, 1072 (2012)
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