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Abstract

Recent developments in 3-dimensional electron microcopy (3D-EM) techniques and a concomitant
drive to look at complex molecular structures; have led to a rapid increase

in the amount of volume data available for biomolecules. This creates a demand for better methods
to analyse the data, including improved scores for comparison, classification and integration of data
at different resolutions. To this end, we developed and evaluated a set of scoring functions that
compare 3D-EM volumes. To testour scores we used a benchmark set of volume alignments
derived from the Electron Microscopy Data Bank. We find that the performance of different scores
vary with the map-type, resolution and the extent of overlap between volumes. Importantly, adding
the overlap information to the local scoring functions can significantly improve their precision and
accuracy in a range of resolutions. A combined score involving the local mutual information and
overlap (LMI_OV) performs best overall, irrespective of the map category, resolution or the extent
of overlap, and we recommend this score for general use. The local mutual information score itself
is found to be more discriminatory than cross-correlation coefficient for intermediate-to-low
resolution maps or when the map size and density distribution differ significantly. For comparing
map surfaces, we implemented two filters to detect the surface points, including one based on the
‘extent of surface exposure’. We show that scores that compare surfaces are useful at low
resolutions and for maps with evident surface features. All the scores discussed are implemented in
TEMPYy (http://tempy.ismb.lon.ac.uk/).

Keywords: 3D electron cryo-microscopy; integrative modelling; scoring functions;
macromolecular assemblies; density fitting

Introduction

A major leap in structure characterization of large bio-molecular machines and cellular components
has been brought in by biophysical techniques like electron microscopy (EM) and tomography (ET)
(Bai et al., 2013; Kuhlbrandt, 2014; Milne et al., 2013), which result in 3D volume representations
of the structure. The Electron Microscopy Data Bank (EMDB) (http://emdb-empiar.org) currently
holds over 4000 volume reconstructions from EM and ET, and the number of entries has doubled in
the last four years due to increasing interest and development of better image reconstruction
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