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Extended Data Fig. 3 | Examples of gelation chamber construction and 
handling. (a-c) Example gelation chamber construction for tissue. (d-f) Example 
gelation chamber construction for cell culture. The capping of the gelation 
chamber (c,f) is performed within the glove bag. (g) Example setup of the airtight 

humidified chamber, as described in Extended Data Fig. 2b. (h) Example of 
handling glass slides inside the glove bag. The platform (plate lid) can be used to 
move glass slides inside the glove bag.
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Extended Data Fig. 4 | Reproducibility and time dependence of 20ExM 
without biological specimen embedded. (a) Fully expanded gels made in 5 
different batches with gelation time of 1 hour, all reaching an expansion factor of 
~16x. Unexpanded gels were cut into ~0.5 × 0.5 cm shapes (note, the shapes were 
not exactly rectangular – they were the shapes shown) and expanded gels are ~8 × 

8 cm. (b) Fully expanded gels with various gelation times. Unexpanded gels were 
cut into ~0.5 × 0.5 cm shapes (note, the shapes were not exactly rectangular – they 
were the shapes shown). Expansion factor and gelation time are indicated in the 
figure. Right side: same images as the left side, with border of gels highlighted by 
white dotted lines. Scale bars: 1 cm.
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Extended Data Fig. 5 | Applications of 20ExM. (a) Confocal image (maximum 
intensity projection; from one representative experiment from two culture 
batches) of expanded NUP96::Neon-AID DLD-1 cells with pre-expansion anti-
mNeonGreen staining, with some NPCs highlighted by white dotted circles. Inset: 
magnified view of the white boxed region. Note: We noticed some single-puncta 
signals that did not participate in a ring. These could be parts of other nuclear 
pore complexes (for example, partially assembled), or incompletely stained 
nuclear pore complexes, or nonspecific staining. We did not use a special NPC 
preparation strategy, as is common for microtubules. More specialized fixation 
and extraction methods, such as permeabilization with detergent prior to 
fixation, cryofixation with methanol, or extracting nuclei from intact cells prior 
to staining and expansion, might in principle further improve staining quality (of 
course, such practices, while they may improve the appearance of NPCs, do not 
resemble a typical ExM user’s application, nor is it representative of methods that 
optimally preserve general biological ultrastructure). However, in earlier best-
practices ExM studies visualizing nuclear pore complexes, even with specialized 
fixation, purification, and staining methods designed to optimize nuclear pore 
appearance, the investigators often observed single puncta that did not appear 
to be part of a ring (ref. 20). This reference, which claimed similar resolution to 
what we show here (albeit with an iterative form of expansion microscopy), also 
reported images and numbers similar to ours regarding the shapes of nuclear 
pores, the number of corners of each nuclear pore, and the diameters of nuclear 
pores. Our goal in the current study was not to study NPCs, but rather to validate 
the resolution and gel-contributed error of 20ExM with NPCs. Furthermore, 
our goal was not to better earlier iterative methods like iExM or ExR, but rather 
to show that such performance could be achieved in a single step. Since our 
current protocol was sufficient to for these purposes, and indeed, matched the 
performance of previous best-practices expansion microscopy protocols when 
tested against nuclear pore visualization, we did not pursue further optimization. 
Expansion factor: 22.8 ± 0.4 as measured by physical gel size (n = 2 culture 
batches). Brightness and contrast settings: first set by Fiji’s auto-scaling function 

and then manually adjusted to improve contrast for the stained structures of 
interest; quantitative analysis in b–d was conducted on raw image data. (b) Box 
plot of radius of 35 NPCs in top view (from n = 7 cells from two culture batches; 
black horizontal line, median; dotted horizontal line, mean; upper edge of the 
box, first quartile; lower edge of the box, third quartile; top dotted line extended 
from the box represents first quartile minus 1.5x the inter-quartile range; bottom 
dotted line extended from the box represents third quartile plus 1.5x the inter-
quartile range). (c) Population data for 35 NPCs (from n = 7 cells from two culture 
batches), showing a histogram of corners per NPCs. (d) Box plot of distances 
between adjacent corners of 35 NPCs in top view (from n = 108 measurements 
of 35 NPCs from 7 cells from two culture batches; black horizontal line, median; 
dotted horizontal line, mean; upper edge of the box, first quartile; lower edge 
of the box, third quartile; top dotted line extended from the box represents first 
quartile minus 1.5x the inter-quartile range; bottom dotted line extended from 
the box represents third quartile plus 1.5x the inter-quartile range). (e) Confocal 
image (maximum intensity projection; from one representative experiment 
from two culture batches) of expanded HEK293 cells with pre-expansion anti-
TOM20 (red) staining and post-expansion DAPI (blue) staining. (f) Confocal 
image (single-xy plane; from one representative experiment of two kidney slides 
from one mouse) of mouse kidney after performing 20ExM and post-expansion 
NHS-AlexaFluor488 staining. (g) Confocal image (single-xy plane; from one 
representative experiment of two spleen slides from one mouse) of mouse spleen 
after performing 20ExM and post-expansion NHS-AlexaFluor488 staining.  
(h) Confocal image (single-xy plane; from one representative experiment of 
two spleen slides from one mouse) of mouse spleen after performing 20ExM 
and post-expansion NHS-AlexaFluor488 staining. Expansion factor for f–h: 
16.5 ± 0.4 (n = 2 spleen, 2 kidney sections from 1 mouse; measured by physical gel 
size). Scale bars are provided in biological units (that is, physical size divided by 
expansion factor) throughout all figures: (a) 250 nm and 50 nm in inset, (e) 1 µm, 
(f) 5 µm, (g) 5 µm, (h) 2 µm.
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