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Ice thickness is a critical parameter in single particle cryo-EM - too thin ice can break during imaging or exclude
the sample of interest, while ice that is too thick contributes to more inelastic scattering that precludes obtaining
high resolution reconstructions. Here we present the practical effects of ice thickness on resolution, and the
influence of energy filters, accelerating voltage, or detector mode. We collected apoferritin data with a wide
range of ice thicknesses on three microscopes with different instrumentation and settings. We show that on a 300
kV microscope, using a 20 eV energy filter slit has a greater effect on improving resolution in thicker ice; that
operating at 300 kV instead of 200 kV accelerating voltage provides significant resolution improvements at an ice
thickness above 150 nm; and that on a 200 kV microscope using a detector operating in super resolution mode
enables good reconstructions for up to 200 nm ice thickness, while collecting in counting instead of linear mode
leads to improvements in resolution for ice of 50-150 nm thickness. Our findings can serve as a guide for users
seeking to optimize data collection or sample preparation routines for both single particle and in situ cryo-EM.
We note that most in situ data collection is done on samples in a range of ice thickness above 150 nm so these

results may be especially relevant to that community.

Introduction

The goal of sample preparation for single particle cryo-electron mi-
croscopy (cryo-EM) is to capture the sample in optimal conditions on a
cryo-EM grid. “Optimal conditions” means the biological sample is
embedded in vitreous ice suspended over holes in the grid foil, has
enough well-distributed particles in different orientations, and that the
sample is found in ice that is as thin as possible, typically 10-100 nm
(Noble et al., 2018). While the thinnest possible ice might be expected to
yield the highest resolution reconstructions, there is usually a “Goldi-
locks” zone for ice thickness for each sample (Olek et al., 2022). If the ice
is too thin, the sample can be excluded from the holes, adopt a preferred
orientation, or break during imaging. On the other hand if the ice is too
thick, increased inelastic scattering from the additional ice may nega-
tively affect reconstruction resolutions (Wu et al., 2016). In most cases,
the thinnest possible ice that yields good particles is desirable for data
collection. This ideal ice thickness depends on the sample, and can range
from 15 nm for apoferritin (12 nm in diameter) (Brown & Hanssen,
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2022) to 750 nm for the Giant Mimivirus (500 nm in diameter) (Xiao
et al., 2005). Quite often, however, ice much thicker than the diameter
of the particle is required to avoid particles adopting a preferred
orientation (e.g. Huntington et al., 2022).

Although ice thickness is an important parameter both for the sample
integrity and optimal data collection, it is not currently possible to finely
control ice thicknesses during cryo-EM sample preparation. With
commonly-used plunge freezers, or even with modern automated sam-
ple preparation devices such as the chameleon (Darrow et al., 2019,
2021), ice thicknesses often vary both within a grid square and across
the grid. Some areas of a grid may have good particle distribution and
ideal ice thickness while others may have too thin ice which excludes
particles, or too thick ice that has reduced contrast.

Problems of variations in ice thickness on a grid can be solved in
several ways. First, by setting automated data collection parameters to
only collect on the desired ice thicknesses (Brown & Hanssen, 2022;
Cheng et al., 2021; Rheinberger et al., 2021). Collecting good quality
data by skipping over targets with too thin or too thick ice is important
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for optimizing data collection and storage efficiency, and for achieving
highest resolution reconstructions. Second, post-specimen energy filters
can be used (Schroder et al., 1990; Yonekura et al., 2006), which remove
inelastically scattered electrons to reduce background noise, especially
in regions with thicker ice. Using an energy filter should increase the
upper range of ice thicknesses useful for achieving a desired resolution.
Third, increasing the accelerating voltage of a microscope reduces the
inelastic mean free path of scattering (Dickerson et al., 2022; Henderson,
1995; Martynowycz et al., 2021; Peet et al., 2019). This means that
given the same sample thickness, electrons that have higher energy are
less likely to undergo inelastic scattering than those with lower energy,
and so will contribute less noise in those micrographs.

While the theoretical effects of ice thickness on single particle
analysis and available strategies to optimize data collection are known,
the practical effects of ice thickness on single particle analysis recon-
struction resolutions have to our knowledge not been experimentally
quantified. To this end we collected large apoferritin datasets over a
wide range of ice thickness (15-500 nm) using a variety of instrumen-
tation. This included both 200 kV and 300 kV microscopes (Glacios,
Arctica, and Krios); direct electron detectors operating in integrating
(Glacios with Falcon3), counting (Arctica with K3 and Krios with K3),
and super resolution mode (Arctica with K3); and with a 20 eV energy
filter slit inserted or retracted (Krios with K3). The data were sorted into
groups based on ice thickness and each batch was independently pro-
cessed to measure the impact of ice thickness and imaging technique on
reconstruction resolution. We show that using a 20 eV energy filter slit
has a greater effect in thicker ice; that operating at 300 kV instead of
200 kV accelerating voltage provides significant resolution improve-
ments at an ice thickness above 150 nm; that collecting data in super
resolution mode provides the most improvement in 150-200 nm
thickness; and finally that using a detector operating in counting instead
of linear mode has the greatest positive effect in < 150 nm ice thickness.
Our findings can serve as a guide for users seeking to optimize data
collection or sample preparation routines for both single particle and in
situ cryo-EM. We also note that most in situ data collection is done on
samples in a range of ice thickness above 150 nm so these results may be
especially relevant to that community.

Methods
Sample preparation

Mouse apoferritin in a pET24a vector (Danev et al., 2019) was
expressed in BL21(DE3) pLys cells. Cells were lysed, and apoferritin
precipitated with 60% ammonium sulfate. After resuspension in 30 mM
HEPES pH 7.5, 1 M NaCl, and 1 mM DTT, apoferritin was injected onto a
HiTrap Q column and eluted with a 0-0.5 M NaCl gradient over 4 col-
umn volumes. The elution peak was pooled and concentrated for puri-
fication on a Superdex 200 16,/60 column in 30 mM HEPES pH 7.5, 150
mM NacCl, and 1 mM DTT.

UltrAuFoil R1.2/1.3 300 mesh grids (Quantifoil) were plasma
cleaned using a Solarus II (Gatan) with Ar:02 (26.3:8.7) at 15 W for 10's.
3 pL mouse 8 mg/ml apoferritin was applied onto the plasma cleaned
grids. After a 30 s incubation at 100% relative humidity and 22°C the
grids were blotted for 4-5 s then plunge frozen into liquid ethane using a
Vitrobot Mark IV (Thermo Fisher Scientific).

Data collection

Cryo-EM data was collected on three different microscopes. (1) A
Titan Krios (Thermo Fisher Scientific) microscope operating at 300 kV
and equipped with a BioQuantum energy filter (Gatan) and K3 camera
(Gatan) in counting mode. Krios data was collected either with a 20 eV
energy filter slit, or with the slit open, on the same grid during the same
data collection session. (2) A Talos Arctica microscope operating at 200
kV and equipped with a K3 detector operating in counting or super
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resolution mode. Data was collected on a different apoferritin grid. (3) A
Glacios microscope operating at 200 kV and equipped with a Falcon3
camera (ThermoFisher Scientific) operating in integrating mode. Data
was collected on a third apoferritin grid. Data collection parameters are
found in Table 1. Leginon (Cheng et al., 2021; Suloway et al., 2005) was
used for automated data collection for all sessions. Ice thickness on the
Arctica and Glacios was measured by using aperture limited scattering
(ALS) method, and on the Krios by using the zero loss peak (ZLP) method
(Rice et al., 2018). During data collection, the incoming images were
motion corrected and dose weighted with motioncor2 (Zheng et al.,
2017) in Appion (Lander et al., 2010).

Image processing

Frame-aligned and dose-weighted images were sorted into 5
different ice thickness groups (0-50 nm, 50-100 nm, 100-150 nm,
150-200 nm, and 200-500 nm) using a Python script. The micrographs
were then imported into different workspaces and processed using cry-
0oSPARC (Punjani et al., 2017). After importing the micrographs from
each ice thickness group, the CTF was estimated. Next, the micrographs
were manually curated to exclude bad micrographs, using the same
exclusion criteria for all ice thickness groups. 200 micrographs were
then randomly selected for further image processing. Particles were
manually picked from some of these micrographs to generate good
picking templates. Next, template picking was done on all 200 micro-
graphs. The picks were then inspected, and obvious bad picks were
excluded. The good picks were then extracted in a 256-pixel box and
connected to a 2D class averaging job. The resulting 2D classifications
were evaluated and only good class averages with good signal to noise
ratio were kept. From the set of good particles, 2 to 4 mutually exclusive
sets of 14,000 particles were created for further processing, depending
on the number of particles available. Homogeneous refinement with
defocus and CTF refinement was done on each set of particles, and the
best and average reconstruction statistics are reported here. For the
Glacios dataset, there was overfitting in the 3D reconstructions for ice
thicknesses above 100 nm resulting in an overestimation of the resolu-
tion. To overcome this, the same soft mask around the apoferritin den-
sity was applied to all reconstructions from all Glacios ice thickness
groups.

Analysis

Once a 3D reconstruction was obtained, the density was evaluated
using UCSF Chimera (Pettersen et al., 2004). Reconstructions from the
different microscopes and ice thickness groups were compared against
one another to evaluate which ice thickness and microscope setup gave
the best results. Linear regressions were done in Microsoft Excel using
the midpoint of each ice thickness group as the value on the x-axis. Map-
to-map Fourier shell correlations (FSCs) were calculated on the EMDB
FSC server https://www.ebi.ac.uk/emdb/validation/fsc/.

Table 1
Cryo-EM data collection parameters.
Dataset “Krios (Filtered and “Arctica (Counting and “Glacios”
Unfiltered)” Super Resolution)”
Microscope Titan Krios Talos Arctica Glacios
Accelerating 300 200 200
voltage (kV)
Energy filter slit 20 N/A N/A
width (eV)
Pixel size (i\/pix) 1.083 1.096 1.204
Exposure time 2000 2400 2000
(ms)
Frame time (ms) 40 50 40
Number of frames 50 48 50
Total dose (e/A?) 51.22 50.34 50.53
Session name 22may20b 22sep2la, 22sep22a 22feb15b
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Results
The thinner the ice, the better the resolution

To study the effects of ice thickness on resolution, we collected
apoferritin data with a wide range of ice thicknesses (15-500 nm) on the
Krios, Arctica, and Glacios microscopes. We observed the expected trend
that as ice thickness increases, resolution decreases (Fig. 1 & Supple-
mentary Fig. 1). With data collected on differently configured micro-
scopes, we can quantify the contributions from the energy filter,
accelerating voltage, and detector mode, to reconstruction resolutions at
varying ice thicknesses. It is important to bear in mind that the numbers
presented here are for a very specific data collection scenario, and do not
represent the performance limit of these microscope setups. What a
reconstruction can achieve practically will also depend on the number of
particles, sample size, and homogeneity.

Here, we report both the best (Fig. 1 and Tables 2a and 2b) and
average (Supplementary Fig. 1 and Supplementary Table 1) recon-
struction statistics from mutually exclusive sets of 14,000 particles
processed with the same data processing parameters and settings, so as
to have a holistic view on our processing, and to report on the variability
we encountered in the process.

The energy filter reduces the rate of resolution decay

Comparing the Krios datasets with and without the 20 eV energy
filter slit shows that the main advantage of using the slit is to reduce the
rate at which the resolution decays with increasing ice thickness. Fitting
linear regressions into the 0-150 nm range of the resolution plot
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Table 2a

Accompaniment table to Fig. 1A. Table of highest apoferritin reconstruction
resolutions obtained from micrographs of various ice thicknesses, and with
microscopes of different configurations (see Table 1 for microscope configura-
tion details).

0-50 50-100 100-150 150-200 200-500
nm nm nm nm nm
Glacios 3.40 4.64 10.18 9.63 9.84
Arctica 2.76 2.91 3.19 6.83 8.13
(Counting)
Arctica (Super 2.61 2.78 3.04 4.11 8.82
Resolution)
Krios 2.41 2.53 2.84 3.21 6.67
(Unfiltered)
Krios (Filtered) 2.36 2.46 2.58 2.76 2.92

(Table 2a) reveals that both data have very similar intercepts (2.27 A for
unfiltered, and 2.30 A for filtered), but the slope of the unfiltered data, at
0.0043 A nm™, is ~ 2-fold higher than that of filtered data at 0.0022 A
nm~! (Table 3a). This indicates that for apoferritin at the thinnest
possible ice, the energy filter has minimal effect; however, with every
nm of increasing ice thickness, the resolution of these reconstructions
from data collected without an energy filter suffer 2-fold more than with
an energy filter, up to 150 nm. Similarly, the rate of B-factor decay
(Table 3b) on unfiltered data is 1.6-fold worse than that of filtered data,
up to 150 nm ice thickness. Above 150 nm thickness, however, the
resolution of unfiltered reconstructions starts to decay more rapidly,
reaching a best of only 6.67 A in 200-500 nm ice thickness, compared to
2.92 A for energy filtered data. Practically speaking, most single particle
data collected at the Simons Electron Microscopy Center is in ice
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Fig. 1. (A) Plot of the best apoferritin resolutions obtained from micrographs of various ice thicknesses, and with microscopes of different configurations (see Table 1
for microscope configuration details). (B) Guinier plot B-factors from the best reconstructions versus ice thickness group. The data from each ice thickness group are
plotted on the midpoint ice thickness value on the x-axis, i.e. 25, 75, 125, 175, and 350 nm. The numbers giving rise to these plots can be found in Table 2a and 2b.
(C) Fig. 1(A) with a rescaled y-axis from 2.3 to 4 A. (D) Fig. 1(B) with a rescaled y-axis from 50 to 300 A2,
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Table 2b

Accompaniment table to Fig. 1B. Table of Guinier plot B-factors from Table 1(A)
for each ice thickness group. DNE = Did not estimate; that is, the 3D refinement
job did not return a B-factor.

0-50 50-100 100-150 150-200 200-500
nm nm nm nm nm
Glacios 220.1 377.2 DNE DNE DNE
Arctica 117 126.6 129.6 756.8 1470.7
(Counting)
Arctica (Super 106 113.8 118.5 217.4 1287.1
Resolution)
Krios 87.5 91 108.5 128.4 766.4
(Unfiltered)
Krios (Filtered) 85.5 90.7 98.3 104.8 116.7
Table 3a

Linear regression fits into resolution vs ice thickness plots. Fits were done into
the linear portions of the graph to allow for the best comparisons between plots.
DNF = did not fit.

Dataset Fit range Linear regression R?
Glacios DNF DNF DNF
Arctica (Counting) 0-150 nm y = 0.0043x + 2.6308 0.9704
Arctica (Super Resolution) 0-150 nm y = 0.0043x + 2.4875 0.9856
Krios (Unfiltered) 0-150 nm y = 0.0043x + 2.2708 0.9389
Krios (Filtered) 0-150 nm y = 0.0022x + 2.3017 0.9973

Table 3b

Linear regression fits into Guinier plot B-factor vs ice thickness plots.
Dataset Fit range Linear regression R?
Glacios DNF DNF DNF
Arctica (Counting) 0-150 nm y = 0.126x + 114.95 0.9162
Arctica (Super Resolution) 0-150 nm y = 0.125x + 103.39 0.9799
Krios (Unfiltered) 0-150 nm y = 0.21x + 79.917 0.871
Krios (Filtered) 0-150 nm y = 0.128x + 81.9 0.9884

thickness < 100 nm, for which the improvement in resolution by
inserting the energy filter slit is small. This is expected since this ice
thickness range is well below the inelastic mean free path of 350 ~ 440
nm at 300 kV (Yonekura et al., 2006). Since the 20 eV slit provided the
greatest resolution improvement in the thickest 200-500 nm ice thick-
ness group (Fig. 1A and Table 1A), this may be of particular interest for
in situ data collection from FIB-milled lamella where thickness is more
likely to be in the range 150-250 nm.

Increasing high tension from 200 to 300 kV has the greatest effect in
thicker ice

Next, we compared the Arctica counting data with the unfiltered
Krios data. Since both microscopes were operated with a K3 detector in
counting mode, we could concentrate on the effects of 200 vs 300 kV
accelerating voltages. In ice of 0-150 nm, 200 kV data performed
slightly worse than 300 kV data: linear regression fits reached intercepts
of 2.63 A (for 200 kV) vs 2.27 A (for 300 kV), although the rates of
resolution decay were the same, at 0.0043 A nm™! (Table 3a). The
biggest differences were observed at > 150 nm ice thickness, where the
200 kV Arctica counting data achieved only 6.83-8.13 A re-
constructions, compared to 3.21-6.67 A for 300 kV Krios counting data
(Table 2a). The data shows that increasing the accelerating voltage from
200 to 300 kV provides the greatest improvement at the 150-200 nm
thickness range. The corresponding ~ 6-fold increase in B-factors
(128.4 A2 for 300 kV vs 756.8 A2 for 200 kV) indicates that for this ice
thickness, a much larger amount of 200 kV data would need to be
collected to compensate for the loss of information due to inelastic
scattering.
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Super resolution > counting > integrating mode

In integrating mode, a direct electron detector integrates the total
charge imparted by an electron, distributed by the microscope’s point
spread function, across several pixels. Operating in counting mode al-
lows for the localization of single electron events on the camera with
pixel accuracy, reducing Landau and readout noise, and improving the
DQE of a detector compared to integrating mode (Gatan, 2022; Li et al.,
2013). A further improvement in DQE can be gained by collecting data
in super resolution mode which makes use of high-speed detector elec-
tronics to determine the sub-pixel location of each electron event,
digitally increasing the number of pixels by 4x (Booth, 2012; Li et al.,
2013).

The poorer performance of 200 kV Arctica counting data compared
to 300 kV Krios counting data in 150-200 nm ice can be somewhat
rescued by collecting data in super resolution mode. This improved the
reconstruction resolution from 6.83 to 4.11 A, and the B-factors from
756.8 to 217.4 A2 (Table 2a and 2b) which are more comparable to 300
kV Krios counting data.

By comparing Arctica data with Glacios data, we could compare the
performance of a K3 detector operating in counting mode with a Falcon3
in integrating mode respectively. This is not an ideal comparison of
counting vs integrating collection modes, since the Falcon3 and K3 have
slightly different DQEs (Booth, 2019; Morado, 2020). Nevertheless, we
include this data in the interest of completeness. We observed the most
significant improvements from using counting mode below 150 nm ice
thickness. Above 150 nm ice thickness, counting and integrating modes
achieved similar resolutions and B-factors, suggesting that the noise
from increased inelastic scattering and the subsequent reduction in
image contrast dominates the gain in signal-to-noise from counting.

We observed that our Glacios data performs poorly at all ice thick-
nesses above 50 nm. While the data may appear to indicate that the
resolution remains stable in 100-500 nm ice, in contrast to the other
datasets where the resolutions and B-factors continued to worsen in the
same ice thickness range (Fig. 1 and Supplementary Fig. 1), we believe
this is just an artifact of generally poor reconstructions. Visual exami-
nation of the maps for reconstructions above 100 nm thickness revealed
no real structural features that might be expected for a map 9 ~ 10 Ain
resolution, and instead showed that the ~ 9.5 A reported resolutions
were due to misalignments to noise (Fig. 2). Map-to-map FSCs of the
maps from thicker ice calculated against the map from 0 to 50 nm ice
show that the Glacios maps from > 100 nm ice thickness have, at best, a
20 A correlation to the map from 0 to 50 nm thickness (Supplementary
Fig. 2). We conclude that Glacios data collected in integrating mode in
ice thicker than 100 nm produces unreliable reconstructions that are, for
apoferritin, significantly worse than 7 A.

As ice thickness increases, we might expect a smooth decrease in
reconstruction resolution. Instead, across all our datasets, we observed
that resolution would decrease up to ~ 4 A, after which there is a “jump”
to ~ 7 A without an intermediate 5-6 A reconstruction (Fig. 1A and
Table 1A). We hypothesize that this is because at better than ~ 4 A there
are side chain densities that reconstruction programs can align to;
however, for apoferritin, which contains only alpha helices and no beta
sheets or any other significant structural features, the next feature that
can be aligned are alpha helices at ~ 7 A, which results in the observed
“jump” in resolution.

Discussion

Thicker ice produces more inelastic scattering events, which de-
creases single-to-noise ratios and worsens reconstruction alignment ac-
curacy, resulting in poorer reconstruction resolutions. Here, we observe
that using a 20 eV energy filter slit slows down the rate of resolution
decay with increasing ice thickness by ~ 2-fold on a 300 kV microscope.
Using 300 kV accelerating voltage provides the greatest benefit over
200 kV at > 150 nm ice thickness, improving our apoferritin
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0-50 nm, 3.40 A

50-100 nm, 4.64 A
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100-150 nm, 10.18 A

Fig. 2. Apoferritin reconstructions from Glacios data collected in integrating mode, by ice thickness group.

reconstruction from 6.83 to 3.21 A in 150-200 nm ice. Using super
resolution mode provides the most improvement in < 200 nm ice, and
collecting data in counting instead of integrating mode improves re-
constructions most noticeably in ice thinner than 150 nm. Combining
these effects, we obtained the highest resolution reconstructions across
all ice thickness groups from energy filtered 300 kV Krios data, followed
by unfiltered Krios, 200 kV Arctica with a K3 in super resolution then
counting mode, and lastly with a 200 kV Glacios with a Falcon3 in
integrating mode. For 200 kV instruments, the best imaging setup of
using a K3 in super resolution mode enabled high resolution re-
constructions < 200 nm ice. In situations where thick (> 200 nm) ice
cannot be avoided, for example with a large virus, large macromolecular
complex, or in situ sample, it is most critical to use a microscope with
high kV and an energy filter to obtain the highest resolution data.

In thin ice (0-50 nm), the best reconstructions from our comparable
200 and 300 kV data (Arctica with K3 in counting mode and Krios
unfiltered) perform similarly, at 2.76 and 2.41 A respectively. A visual
examination of the maps showed little difference between the two
(Supplementary Fig. 4). The advantages of using a lower accelerating
voltage for single particle cryo-EM experiments have recently been more
thoroughly described (Naydenova et al., 2019; Peet et al., 2019), and the
data show that 200 keV electrons are better for single particle cryo-EM
than 300 keV when specimen thickness is not considered (Peet et al.,
2019). Specifically, the ratio of elastic scattering at 200 keV to 300 keV
is 1.24, whereas the ratio of inelastic scattering at 200 keV to 300 keV is
1.14. For specimens thinner than ~ 100 nm, electron energies lower
than 300 keV were shown to contain more useful information for single
particle cryo-EM (Peet et al., 2019). This improvement is likely some-
what offset by the detective quantum efficiency (DQE) of existing
counting direct detectors being slightly worse at 200 keV than at 300
keV.

During processing, we observed that in thicker ice, reconstructions
from mutually exclusive sets of 14,000 good particles randomly selected

from each ice thickness group could achieve very different resolutions
(Supplementary Fig. 1A). In the 200-500 nm ice thickness group, while
the best reconstruction we obtained with filtered Krios data was 2.92 A,
across 4 independent reconstructions from mutually exclusive sets of
14,000 particles from the same dataset, we obtained reconstructions
that ranged up to 10.74 A, with an average of 7.39 A (Supplementary
Fig. 1A and Supplementary Table 1). This does not appear to be because
some groups of 14,000 particles were from thinner ice than others.
Analysis of the per-particle distribution of ice thicknesses for each of the
four Krios filtered reconstructions from the 200-500 nm ice thickness
group showed that particles that gave rise to the 2.92 A reconstruction
did not have significantly better ice thicknesses than the other 7-10 A
reconstructions (Supplementary Fig. 3). One hypothesis to explain this is
that variability can arise during the random initialization process of 3D
reconstruction: if a subset of higher quality particles happens to be
selected to initialize the reconstruction, this could lead to better align-
ment and resolution for that reconstruction. However, since these high-
quality particles are not ubiquitous in the thick ice data, obtaining these
reconstructions can be hit-or-miss. Another interesting observation was
that turning off both defocus and CTF optimization during 3D recon-
struction in thick ice could sometimes give higher resolution re-
constructions than if we turned on both options. For example, the best
unfiltered Krios 200-500 nm reconstruction achieved 6.67 A with
defocus and CTF refinement, but 3.65 A with both options deactivated.
We think this could be because in thick ice the particles have very little
high-resolution signal, so the defocus and CTF optimizing algorithms are
fitting to noise, and turning them off can potentially yield a better
reconstruction.

There are several additional considerations for improving on the
existing imaging setups tested in this work. Firstly, considering that the
inelastic mean free path is shorter for slower electrons, there will be
more inelastic scattering in a 200 kV microscope, which means that
installing a post-specimen energy filter will make a bigger impact on
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such a setup than on a 300 kV microscope. Secondly, on a microscope
with a post-specimen energy filter, when collecting data in thick ice, it
would also be beneficial to reduce the width of the energy filter slit to ~
10 eV to optimally eliminate inelastically scattered electrons and
improve the reconstruction (Nakane et al., 2020; ThermoFisher Scien-
tific, 2022). Thirdly, reducing inelastic scattering from ice by energy
filtration will have the most benefit for small particles, since they have
the lowest signal-to-noise ratios, and energy filtration also improves
amplitude contrast allowing for better alignments during reconstruction
(Danev et al., 2021). Since apoferritin has a molecular weight of ~ 450
kDa, this same experiment should be done with a smaller protein of <
200 kDa to better evaluate the benefits for small macromolecules.

We observed that a Falcon3 detector in integrating mode (Glacios
dataset) was only useful in the thinnest ice, < 50 nm. While using
integrating mode on a Falcon3 reduces exposure times from 60 s to 1-2
s, making it much faster for a quick survey of the grid, the data from
integrating mode is not likely to provide useful reconstructions except in
very thin ice. For more challenging samples that prefer thicker ice or
when working with suboptimal grids with thicker ice (as is commonly
the case on a screening microscope), reconstructions obtained from the
Glacios in integrating mode may not be an accurate reflection of what
can be obtained from a better imaging setup. Here at the Simons Elec-
tron Microscopy Center, preliminary data are commonly collected on
our Glacios in integrating mode before a full data collection on a Krios
instrument. The data in this paper provide a useful benchmark for how
reconstructions from a Glacios dataset can be extrapolated to re-
constructions from a Krios dataset, given an ice thickness range. The
case can be made here for either collecting data in counting mode on the
Falcon3 on our Glacios microscope, or else for upgrading the camera,
say to a K3, for faster speeds and better reconstructions.

Preparing samples in the thinnest ice possible remains the best global
solution to obtaining high resolution. Where thick ice is necessary, for
example with large macromolecules or in situ samples, using the best
available imaging setup is essential for reaching high resolution with the
greatest possible speed.
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200-500 nm, EMD-29594. For Krios unfiltered 0-50 nm, EMD-29554;
50-100 nm EMD-29555; 100-150 nm, EMD-29556; 150-200 nm, EMD-
29557; 200-500 nm, EMD-29558. For Krios filtered 0-50 nm, EMD-
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