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Figure 1: Visual summary of DDD movie acquisition and motion correction. DDD movies
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consist of a stack of electron micrographs recorded in rapid succession with short exposure
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times. The resulting frames are aligned computationally to compensate for stage and beam ‘f ’ %O_m CO“C' usions
induced motions of the imaged specimen (Brilot et al, 2012). In the absence of such motion Mayaro i : We have found that the existing widely used algorithms for CryoEM whole frame
correction, high resolution information is blurred. - motion correction produce significantly different results on a significant fraction of data.
o From our current testing over a range of specimens, large discrepancies are observed in
Most whole-frame motion correction algorithms rely on cross correlation methods to h ~10% of movies, with smaller, yet significant discrepancies observed in as much as 30-
obtain translation vectors for each frame to bring them into register with a stationary frame R (o S . SN S— -~ i 40% of movies. Clearly frames which do not exhibit much motion, and hence do not
or the frame average (Ripstein & Rubinstein, 2016). A non-exhaustive list of algorithms B require much correction, are not impacted by this problem. This difference is observed
used in the field include Unblur (Campbell et al, 2012), MotionCorr (Li et al, 2013), DE Figure 2: Comparative alignments of movie mode data. Here we show results obtained various alignment algorithms we tested**. We observe differences on the order of 2-8 pixels, not only for small particles with very low contrast, but even on frames containing high-
process frames (Wang et al, 2014), IMOD’s alignframes (Kremer et al, 1996), EMAN2’s by applying each motion correction algorithm to select movies from the EMDB and corresponding to a distance discrepancy of 0-4A. Given an A/pixel of 0.6, differences greater contrast virus particles. Some of this effect may be due to the need for local corrections
e2ddd_movie.py (Bell et al, 2016), and alignframes_Imbfgs (Rubinstein & Brubaker, 2014). unpublished data collected by members of the NCMI. Note that all frame trajectories are  than ~3A can blur information beyond 2/3 Nyquist frequency. IPS are discussed in Fig. 3. in these frames, and the variation due to how this local motion is interpreted globally
Below, we provide preliminary benchmark data for each algorithm run on the same plotted such that (0,0) corresponds to the middle frame of the movie. Power spectra Because runtime parameters chosen on the basis of peer guidance and methods publications, by each algorithm, but it is impossible to assess whether this is truly the case since the
hardware except for differences in CPU/GPU requirements. Parallel results included as well computed using 2048 pixel tiles. These results show discrepancies in the results of the we welcome any recommendations that might lessen the reported discrepancies. algorithms in question do not presently do local correction. The observed differences
where threading has been made possible. In the next panel, we visually display an can be many pixels, meaning they extend to very low resolution, and may be
assortment of data and frame trajectories measured by these algorithms. HIV DIS dimer RNA TRPV1 B-galactosidase Mayaro Virus dramatically impacting the quality of the affected images. While it has clearly been
B , , Specimen Kaiming Zhang EMD-5778 EMD-5995 Jason Kaelber Table 2: Parameters linked to stage and beam-induced possible for CryoEM to achieve high resolution structures despite this issue, it does
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- - : stage drift, electron radiation damage, and local charging, community is in need of a more in-depth study of the reasons for these discrepancies.
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