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Cryo-electron tomography (Cryo-ET) enables to recover 3D information of cryo-fixed samples in a near-native
state [Lucic¢ et al. 2013] with a thickness up to ~250 nm [Aoyama et al. 2008]. Thicker samples (up to 1 pm)
can be studied in scanning transmission electron microscopy (STEM), which consists in the raster scanning of
a (sub-)nanometric convergent electron beam focused at the sample plane [Midgley
&Weyland2003][Pennycook 2012]. At equivalent electron dose, STEM induces less radiation damage to the
sample than classical transmission electron microscopy (TEM) [Wolf et al. 2014] and is able to image
micrometer thick cryo-fixed biological samples in 3D (see Fig. 1) [Trépout 2020]. However, in order to image
thicker specimens or to reach higher magnifications we need to increase the dwell time or to sample the
specimen more densely, respectively. This will inevitably increase the electron dose and the beam damage
proportionally. The need to further reduce the electron dose emerges.

In this work, we present a sparse cryo-STET acquisition scheme. Instead of collecting a full frame for each
tilt-angle, we collect only a fraction of the pixels. This permits to dramatically reduce the radiation dose
received by the sample on each frame and across the full tilt-series. Multiple sparse data collection schemes
have been previously investigated at our lab [Trépout 2019] (see Fig. 2). Before aligning the tilt-series, a pre-
processing step is necessary to recover the missing information due to the data sparsity. Multiple inpainting
methods are commonly used such as discrete cosine transform (DCT) [Garcia 2009], and shearlets transform
[Kutynioket al. 2014]. Then the 3D volume can be reconstructed using classical methods like weighted back-
projection (WBP) [Radermacher 2006] implemented in IMOD [Kremer et al. 1996] or iterative algorithms
such as simultaneous iterative reconstruction technique (SIRT) [Gilbert 1972] in Tomo3D [Agullero&
Fernandez 2011].

To demonstrate the advantages of a sparse cryo-STET acquisition scheme, we applied our method on a sample
that is too thick ( > 1 um) to be studied using conventional TEM methods.
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Figure 1. Figurel. Ultrastructural rganizati

tomographic slices showing intracellular structural elements of the cell. A) The nucleus (N), nucleolus
(#), lysosome (L) and some endosomes and/or glycosomes (E/G) are visible. B) The kinetoplast (K),
flagellar pocket (FP) and location of some nuclear pore complexes (yellow arrows) are visible. C)
Regularly-spaced stick-like dark densities (S, arrows) correspond to the FAZ filament located next to the
FAZ-associated reticulum (ER, arrowhead). The insert is an oriented slice in which sticks (S) are visible
on a larger scale. D) The flagellum (F) coils on top of the cell body. The insert is an oriented slice showing

number of pixels of the image, are arranged as A) individual pixels, B) 5x5 pixels patches, C) 25x25 pixels
patches and D) oriented lines.
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