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Metadata-based analysis of image quality for single
particle cryo-EM

Single particle cryo-electron microscopy (cryo-EM) is an increasingly important method for determining the
three-dimensional structure of proteins. As a single particle technique, it allows for the elucidation of large
macromolecular complexes, provides information on protein dynamics and gives access to proteins that are
difficult to crystallize.
For this purpose, molecules in aqueous solution are rapidly frozen and then analyzed by transmission electron
microscopy. The resulting 2D images are processed in computationally intensive pipelines to finally recon-
struct a 3D density map which can be used for building an atomic model. As a result of the low signal-to-noise
ratio in the images, thousands to millions of 2D projection views are necessary to reconstruct a single den-
sity map. These images can be of varying quality due to several reasons that include beam-induced motion,
structural defects and sample heterogeneity. Thus, selection procedures are required to create high-quality
datasets.
State-of-the-art processing workflows employ cross-correlation-based classification algorithms in 2D and 3D
for image selection. These rely on the assumption that bad images will cluster together in low-quality classes,
which can then be discarded. In practice, seemingly good classes often contain low-quality images along with
the high-quality ones, resulting in the need for classification cascades and finally a trade-off between discard-
ing good images and keeping bad ones.
In this work, we investigate the potential of metadata collected in the processing pipeline for the selection of
high-quality images. We process a dataset of fatty acid synthase (FAS) in state-of-the-art manner and divide
the final dataset into subsets based on value ranges for meta-parameters that relate to different aspects of
image quality. By comparing the gold-standard resolution achieved for reconstructions from these subsets to
their expected resolution from a Rosenthal-Henderson plot, we determine which meta-parameters might be
meaningful for image selection.
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