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Extended Data Fig. 3| Examples of gelation chamber construction and humidified chamber, as described in Extended Data Fig. 2b. (h) Example of
handling. (a-c) Example gelation chamber construction for tissue. (d-f) Example handling glass slides inside the glove bag. The platform (plate lid) can be used to
gelation chamber construction for cell culture. The capping of the gelation move glass slides inside the glove bag.

chamber (c,f) is performed within the glove bag. (g) Example setup of the airtight
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Extended Data Fig. 4 | Reproducibility and time dependence of 20ExM
without biological specimen embedded. (a) Fully expanded gels madein 5
different batches with gelation time of 1 hour, all reaching an expansion factor of
~16x. Unexpanded gels were cut into ~0.5x 0.5 cm shapes (note, the shapes were
not exactly rectangular - they were the shapes shown) and expanded gels are -8 x
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8 cm. (b) Fully expanded gels with various gelation times. Unexpanded gels were
cutinto~0.5x 0.5 cmshapes (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 aring. These could be parts of other nuclear
pore complexes (for example, partially assembled), orincompletely 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 fromintact 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 ExXM 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 partofaring (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 goalin the current study was not to study NPCs, but rather to validate
theresolution 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 asingle 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
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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 plus1.5x 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 35NPCs from 7 cells from two culture batches; black horizontal line, median;
dotted horizontal line, mean; upper edge of the box, first quartile; lower edge
ofthebox, 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=2spleen, 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: (@) 250 nm and 50 nmininset, (e) 1 pm,
(H5pm, (g) S pm, (h) 2 pm.
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AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

X

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

X XX X ]

X X X
oo

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection Spinning disk confocal microscope with NIS-Element Advanced Research

Data analysis Python (version 3.11.7), Fiji (version 2.14.0/1.54f; Built-in: Rolling Ball Function, Gaussian Filter Function, Auto-scaling Function, Line Selection
Tool; Plug-in: Radial Profile 1.0, NanoJ-SQUIRREL 1.0), Microsoft Excel (version 16.87), MATLAB (version R2020a). Custom codes used for
Distortion Analysis, Peak-to-peak Distance Analysis, and Autocorrelation and Enrichment Analysis are available on GitHub at https://
github.com/shiwei-w/20ExM.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Source and processed imaging data generated in this study is available on Open Science Framework at https://osf.io/kezgs. The source data used for synaptic
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nanocolumn analysis is available on GitHub at https://github.com/shiwei-w/20ExM.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender N/A

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A
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Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size We have clearly described the number of samples we tried for each experiments and results. All of the conclusions were based on n>1
replications. As we are demonstrating a new technology, we performed two to three biological replicates with the same protocol to
demonstrate the reproducibility of the protocol.

Data exclusions  None

Replication For all experiments, we performed two to three independent biological replicates. All the replications were successful.

Randomization  Since we are just demonstrating our technology, instead of, for example, determining the differences of treatment and control groups,
randomization was not relevant to this study.

Blinding Since we are just demonstrating our technology, instead of, for example, determining the differences of treatment and control groups,
blinding was not relevant to this study.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
™| Antibodies |:| ChIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
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Antibodies

Antibodies used anti-Beta tubulin (Rabbit, Abcam, ab6046),




Antibodies used anti-mNeonGreen (Mouse, Proteintech, 32f6),
anti-TOM?20 (Rabbit, Proteintech, 11802-1-AP),
anti-rabbit Alexa Fluor 546 (Goat, ThermoFisher, A11035)
anti-mouse Alexa Fluor 568 (Goat, ThermoFisher, A21043)
anti-goat Alexa Fluor Plus 555 (Donkey, ThermoFisher, A32816)
anti-RIM1/2 (Guinea pig, Synaptic Systems, 140205)
anti-PSD95 (Mouse, ThermoFisher, MA1-046)
anti-GFP (Rabbit, ThermoFisher, A11122)
anti-Guinea pig Alexa Fluor 555 (Goat, ThermoFisher, A21435)
anti-Mouse Alexa Fluor Plus 647 (Donkey, ThermoFisher, A32787)
anti-Rabbit Alexa Fluor Plus 488 (Goat, ThermoFisher, A11008)

Validation All of the antibodies are commercially available. The following validations are performed by the vendors.
anti-Beta tubulin (Rabbit, Abcam, ab6046): Validated for Human IHC-P, ICC/IF, IP, and WB
anti-mNeonGreen (Mouse, Proteintech, 32f6): Validated for Mouse ICC/IF and ELISA
anti-TOM20 (Rabbit, Proteintech, 11802-1-AP): Validated for Human WB, IP, and ICC/IF, and Mouse WB, IHC
anti-RIM1/2 (Guinea pig, Synaptic Systems, 140205): Validated for Rat WB and ICC/IF, and Mouse ExM IHC
anti-PSD95 (Mouse, ThermoFisher, MA1-046): Validated for Mouse WB, Rat WB and ICC/IF, Human ICC/IF
anti-GFP (Rabbit, ThermoFisher, A11122): Validated for Human WB and ICC/IF
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Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) HEK 293 from ThermoFisher, catalog no. R70007; Human colorectal adenocarcinoma cells (DLD-1) with homozygous insertion
at Nup96 loci containing NeonGreen moiety and an auxin-inducible degron (Nup96::Neon-AID) from laboratory of T.
Schwartz and M. Dasso (Ref. 21: Regmi et al., 2020; Ref. 22: Schuller et al., 2021).

Authentication HEK 293 are available at ThermoFisher, catalog no. R70007, Authentication method not specified by vendor;
Creation and authentication of the Nup96::Neon-AID DLD-1 cell line was performed in a separate study (Ref. 21: Regmi et al.,
2020), Authenticated by PCR assays with insertion-specific primers, imaging assay, and Auxin activation assay.

Mycoplasma contamination The cell lines were not tested for mycoplasma contamination.

Commonly misidentified lines  no commonly misidentified lines were used in the study.
(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals Thy1-YFP-H, 6—8 weeks of age.
Wild animals No wild animals were used in the study.
Reporting on sex Used without regard to sex.

Field-collected samples  No field-collected samples were used in the study.

Ethics oversight All procedures involving mice (Thy1-YFP-H, 6—8 weeks of age from JAX, used without regard to sex) were performed in accordance
with the US National Institutes of Health Guide for the Care and Use of Laboratory Animals and approved by the MIT Committee on
Animal Care.

Note that full information on the approval of the study protocol must also be provided in the manuscript.






