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Spanner
OVERVIEW
Spanner is a structural homology modeling program that threads a query amino-acid sequence onto
a template protein structure. Spanner is unique in that it handles gaps by spanning the region of
interest using fragments of known structures.

Methods
Spanner Spanner consists of several modules that are managed by a Python driver script. The first
step involves defining the start and end points of fragments corresponding to insertions or deletions.
The start and end points are referred to as anchors because they must be equivalent in both the
template and any candidate fragment. The margin parameter determines how far from the edge of a
gap the fragment begins or ends. For example a margin of 0 would mean that the anchor begins at
the very edge of a gap. This is usually not a good idea, and the default margin is set to 1.
A representative set of protein chains was prepared using the cd-hit program (Li and Godzik, 2006)
at 100% sequence identity. All continuous fragments were then extracted from this set of chains and
stored in a relational database, indexed by the internal coordinates of the fragment endpoints (figure
2). A separate database is prepared for each fragment length. Currently, fragments of length 4-40,
including the 4 anchor residues, are stored in the database.
Spanner considers each fragment in order of it position in the query sequence. For a given fragment,
a fragment index is generated from the anchor residues. Fragments are retrieved based on the
anchor coordinate, fragment length, and predicted secondary structure of the query in the
corresponding region. A specified tolerance in the fit to the anchor residues corresponds to a range
of index values. The index range is sent to the database and all fragments satisfying the indices are
returned. These fragments are then scored by a empirical score that considers sequence, secondary
structure, the RMSD of the fitted anchor residues, and the number of backbone clashes between the
fragment and the rest of the template.

where Sseq is a log-odds sequence substitution matrix score derived from a large number of structure
alignments (Standley, et al., 2007), Ssec is a secondary structure (Kawabata and Nishikawa, 2000),
wclash is an adjustable parameter set to 0.05 by default, Nclash is the sum of clashes between the
fragment backbone and the template structure excluding residues that are to be replaced by the
fragment, and RMSD is the root-mean square deviation of the fitted anchor residues. The specified
number of top-scoring fragments is output, and the best fragment selected by the above score in
addition to the minimized energy.
Two options are available for replacing and optimizing their the conformations of side-chains. The
first is to use the dead-end elimination method (Hess, et al., 2008). The second is to use the
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SCWRL4 program (Krivov, et al., 2009). The complete model is then refined by energy
minimization using either Presto (Morikami, et al., 1992) or Gromacs (Hess, et al., 2008).

USAGE
To create a model, you must provide a template structure, as well as an alignment of the query
sequence you wish to model onto the template sequence. Spanner will replace matching residues,
fill any gaps caused by insertions or deletions residues, and minimize the energy of the structure.
The resulting PDB-formatted model, as well as a log file, will be emailed to you when spanner is
finished. If an error prevented a complete homology model from being generated (either due to an
internal error or when the input can not be processed), the log file will explain which part of the
modeling sequence failed. Alternatively, we provide an alignment ‘sanity check’ that will validate,
and, if necessary and feasible, correct the input.
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