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Structures can be similar despite sequences being dissimilar.
In the case of the Mbp1 APSES domain compared to its homologue Swi6, an indel 
after the DNA binding helix has shifted the orientation of two helices (red and 
magenta) and destroyed the ability of the Swi6 ancestor to bind DNA, the domain 
took on different fucntions and has diverged beyond any detectable sequence 
similarity. Nevertheless, the structures at the termini of the domains can be perfectly 
superimposed (white).
Homologues proteins retain structural similarity even if they are highly diverged. As 
a corrollary, once homology can be established between two sequences, based on 
sequence similarity, it is virtually certain that the structure of one protein can be 
modelled from knowledge of the structure of the other
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Note the 25% ID level, which we usually take as the cutoff for inferring homology 
from sequence similarity.
Even at 100% sequence identity (i.e. the structure of the same protein observed 
under different conditions) structures can vary by 0.3Å RMSD or more. But up to 
~50% identity, structure is conserved at less than 1.0Å RMSD – less than the length 
of a carbon-hydrogen bond! At the extreme of dissimilarity, even in the complete 
absence of sequence identity, structural similarity does not drop below 3.0Å for 
homologous structures. However, at the left hand of this distribution, homologous 
and analogous folds cannot be distinguished by sequence or structure similarity 
alone.
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Fold space is finite, and structures that have a similarly folded core can have arisen 
by convergent evolution. These are not homologous folds, they are analogous.
This example show close and remote homologues of enterotoxin, and a structurally 
similar aminoacyl tRNA synthetase structure. Numbers in brackts are %ID / number 
of matched residues / RMSD of superposition. By these metrics, the tRNA 
synthetase is a better match to enterotoxin than the TSS toxin. But it is not a 
homologue.

cf. Russell et al. (1997) Recognition of analogous and homologous protein folds: analysis of sequence 
and structure conservation. J Mol Biol. 269:423-439.
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Target: the sequence for which you want to obtain a modelled structure.
Template: a sequence that is homologous to the target and for which the structure 
is known.
Model: Structural model of the target, obtained by replacing template sidechans 
with target sidechains
Sometimes researchers add a third step to homology modelling: energy refinement of 
the model to adopt more reasonable atom-atom contacts, bond-lengths and angles 
etc. While this practice is popular, it is likely to do more harm than good: usually 
the RMSD between the model and the true structure gets worse.
Thus energy refinement of homology models is in general an example of Cargo Cult 
science.
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Alignment of aminoacyl t-RNA synthetase sequences, and consequences of the types 
of changes we observe for modeling 3D-structure. In this example, we consider the 
target of P. putida glutamyl tRNA ligase model on the structure of E. coli 
glutaminyl tRNA ligase.
Side chains which can be changed by deleting atoms (I→V, I→A, N→A, T→S), or 
which merely require changing chemical elements (N→D, even L→Q), are 
straightforward to model and don’t require changing coordinates.
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For model sidechains that are larger than template sidechains (H→R, S→I, T→Q, 
V→K ...), we need to decide on the correct geometry. Looking up preferred 
conformations in “rotamer” dictionaries helps make the decision.
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Indels cannot be modelled with any certainty.
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A sequence to structure mapping asks: which residue of the target should replace 
which residue of the model – this is not necessarily the same as asking which residue 
of the target is related by evolution to which residue of the model.
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Alignment is not superposition. These are different procedures and they have 
different objectives. One can derive an alignment from a superposition, by aligning 
e.g. all residue pairs for which the Cα atom distance fall below a threshold, such as 
1.9Å, i.e. half the average Cα–Cα separation in proteins. 
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Sequence alignment and superposition have different objectives. Alignment – based 
on an evolutionary model – recovers information on an evolutionary event. 
Superposition shows how the event has been structurally accommodated.
To recover an alignment from a superposition, align each residue with the one it is 
closest to in the superimposed pair of structures.
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Indels can cause alignment errors. Alignment errors cannot be corrected through 
modelling.
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In this example, the alignment "slipped" on an inserted loop in the beta-helix 
("Insertion") and added an additional loop at its end. This makes more than half of 
the model “wrong”, and there is no way to resolve this error by computational 
means, short of outright ab initio structure prediction.
It’s absolutely crucial to get the alignment right.
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After producing an MSA from carefully selected sequences, extract the pairwise 
alignment of target and template by copying the two rows, and removing all gap 
characters that are present in both sequences.
Note that PSI-BLAST is probably not the best tool to search for related sequences 
for homology modeling: the goal is not to have a comprehensive set of homologues, 
but to include sequences that improve the accuracy of the MSA; that will generally 
require high levels of sequence similarity. In contrast, the use-case for PSI-BLAST is 
detecting very distant relationships. 
As a rule: homologous sequences that are not descendants of the Last 
Common Ancestor of target and template, are unlikely to be useful for 
the alignment.
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Include more than one template sequence in the MSA if possible: comparing a 
template superposition with the template alignment will be very informative in 
terms of alignment details.
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Workflow for homology modeling sketched in SPN (Structured Process Notation).
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Online servers such as Swiss-Model provide convenient, high-quality homology 
modelling services for free. Here the APSES domain of Cryptococcus Neoformans
Mbp1 has been modelled on the orthologous domain of Magnaporthe oryzae.
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Assume all indels to be wrong: SwissModel flags “invented” conformations (loops) by 
giving them a value of 0.00 in the occupancy column of the PDB file.
Solvent exposed sidechain conformations are unreliable because of the lack of packing 
constraints – except if engaged in conserved ligand interactions. 
Ligands may include structurally conserved water molecules – check the template. 
Water molecules will not have been included by the modeling algorithm.
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Just as in structure analysis, treat your model as a spatial map of features and 
annotations, not necessarily as a represantation of accurate coordinates. 
Is it possible to predict function from models? Usually not, however some functions 
may be incompatible with the model and thus can be excluded from consideration.
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You need to consider whether there actually IS a use for the model coordinates – or 
whether the model is just intended as a pretty picture. 
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Comparison of RMSD(target,template) – RMSD(target, model): 
target is the true structure of the target protein that has been independently solved 
and used for comparison to validate the modelling procedure. If 
RMSD(target,template) is smaller than RMSD(target,model), this means that the 
true structure is more similar to the original template than to the homology model 
that was produced. 

Structure prediction assessments have shown that often the template structure is 
more similar to the true structure of the target, than the model structure. This is 
troubling.
Something was done to the template backbone (i.e. energy refinement) that actually 
made the model more wrong than simply keeping the template as-is would have 
been.  
The number of cases were such manipulations improved the model – if anything, by 
a tiny amount – is vanishingly small.
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These databases provide high-quality automated models on a genome scale. As you 
can infer from the coloured bars of the Swiss-Model repository, approximately 50% of 
a given model organism proteome can be modelled with high confidence based on 
existing protein structures.
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