


Extended Data Fig. 10 | Characterization of perinucleolar chromatin upon
inversion and rRNA outflux defects in mutant SSU-only nucleoli. a, Staining
of heterochromatin (H3K9me2/3; GC marked by RRP1 IF) and chromatin (DAPI;
GC marked by NPM1 IF) surrounding de novo nucleoli from wild-type (WT) or 3
hinge mutant rDNA-transfected cells. Right, radial distribution of (hetero)
chromatin signal around the GC boundary (dashed line =0 p m) in endogenous
nucleoli, WT de novo nucleoli, or 3 hinge mutant de novo nucleoli. DAPI:

n =1779 (Endogenous), 15 (rDNA plasmid), 15 (3 hinge Mutant); H3K9me2/3

n = 37 (Endogenous), 33 (rDNA plasmid), 30 (3 hinge Mutant). b, Radial
distribution of chromatin (Hoechst) or heterochromatin (H3K9me2/3) around
endogenous nucleoli in scramble (SCR) or U3 ASO treated cells. Hoechst:

n =1958 (SCR), 901 (U3 ASO), H3K9me2/3: n = 2556 (SCR), 562 (U3 ASO).
c-f, Visualization of SSU processing factors and ribosomal proteins (proteins

of interest (POIs), green) in WT and mutant SSU-only nucleoli demarcated by

NOP56-mCherry. c-d, Radial distribution of KRI1 (IF, n = 17), KRR1 (IF, n = 26) and

RPS4X-Halotag (n = 15) around the DFC boundary of WT SSU-only nucleoli.

See Fig4g for images of the other quantified POls. e-f, Radial distribution of
EXOSC10 and RPS6 in WT and mutant SSU-only nucleoli. EXOSC10: n =12 (WT),
38 (Mutant), RPS6: n =21 (WT), 47 (Mutant). g Mean nucleolar 18S* rRNA
intensity in WT (n = 87) and mutant (n = 57) SSU-only nucleoli. **** P-value
<0.0001. h, Mean nucleolar intensity of early SSU processing factors ESF1,
NAT10, and FBL (IF) and NOP56-mCherry in WT and Mutant SSU-only nucleoli.
WT: n = 38, 49, 74, 87; Mutant: n = 33, 24, 164, 57 for ESF1, Nat10, Nop56, and Fib.
*** P-yalue = 0.0005; **** P-value < 0.0001. i DFC area (NOP56-mCherry) in WT

(n = 74) and mutant (n = 164) SSU-only nucleoli. **** P-value < 0.0001. All scale
bars =1 um. Violin plots are centred by median. Box plots show medians (lines),
boxes (25th-75th percentiles), whiskers (min-max). Statistical tests are two-

tailed Mann-Whitney tests. All error bars are s.e.m. HEK293T cells are used
except for b (MCF10A).
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

X

A description of all covariates tested

X [

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

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

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

OXX O O OX OOOF
X

XL

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  Images were acquired with the NIS-Elements AR (Nikon, 5.42.02) with Nikon CSU-W1 SoRa spinning disk confocal system. Denoising (when
applicable) was performed using the built-in NIS-Elements Denoise.ai module.

Data analysis All statistical analyses and graphing were performed using Graphpad Prism 10 and Microsoft Excel. For creating example images, image)
(1.53f) was used.

All codes and pipelines used for this study are provided in the following repositories:
https://github.com/SoftLivingMatter/image-analysis-quinodoz-jiang-2024 (https://zenodo.org/records/14908468)
https://github.com/SoftLivingMatter/snakemake-cellprofiler (https://zenodo.org/records/14908470)
https://github.com/SoftLivingMatter/5eU-seq-pipelines (https://zenodo.org/records/14908466)

Example images & analysis notebooks: https://doi.org/10.5281/zenodo.14910509

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.

£20¢ [udy




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

All data supporting these findings are available in the manuscript and associated source data. All genomics data are available at the Gene Expression Omnibus (GEO)
with accessions: GSE296080 and GSE296162.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender n.a.

Reporting on race, ethnicity, or  n.a.
other socially relevant

groupings

Population characteristics n.a.
Recruitment n.a.
Ethics oversight n.a.

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

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences

D Behavioural & social sciences D Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

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

Sample size

Data exclusions

Replication

Randomization

Blinding

Sample sizes were not predetermined. For imaging experiments, sample size were chosen to make sure a representative population were
captured. For sequencing experiments, number of replicates, time points, and cells were determined based on technical requirements that
ensure reproducibility and maintain high data quality.

For imaging, cells that are out of focus are excluded. For 5eU sequencing, samples that failed quality control (such as failed click reactions,
streptavidin captures, or library amplifications) were excluded from downstream analysis.

Microscopy imaging, western blotting, and RT-qPCR were repeated independently for at least three times with similar results. S5eU-sequencing
were conducted with 1 or 2 replicates per time point. P-values and number of observations (n) are provided in figure legends.
All attempts at replication were successful.

For all experiments, cells were randomized such that within a biological or technical replicate all cells were analyzed equally with no sub-
sampling.

Blinding not performed due to standardized data collection procedures. Imaging and sequencing analyses were performed using automated
pipelines whenever possible to minimize observer biases.

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.

=}
[N
[
c
=
o
o
o}
3,
o
S
=
[0}
o
o
S,
=}
a
(%]
c
3
=
B
<

£20¢ [udy




Materials & experimental systems Methods
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Antibodies 3
Antibodies used 1. Antibodies for Immunofluresence 3
Antibody Name supplier name catalog number -working dilution
RPA194 Santa Cruz sc-48385 AF488 1:200
RPA194-488 Santa Cruz sc-48385 1:200
NPM1-488 Thermo Fisher MA3-25200-A488 1:400
Fibrillarin Abcam ab5821 1:300
Fibrillarin-568 Abcam ab202540 1:300
RRP1B Sigma HPA017893 1:100
SURF6 Thermo Fisher PA5-54841 1:100
Nat10 Thermofisher 13365-1-AP 1:100
ESF1 proteinTech 23496-1-AP 1:100
EXOSC10 Sigma-Aldrich HPA028484 1:100
Nucleolin ThermoFisher 39-6400 1:100
DDX21 Sigma-Aldrich HPA036593 1:100
KRI1 proteintech 16243-1-AP 1:100
KRR1 Assay Genie CAB4487-20 1:100
H3K9me2/3 Cell Signaling Technology 5327T 1:100
UTP23 proteinTech 15950-1-AP 1:100
NOPP140 Santa Cruz Biotechnology sc-374033 1:200
Goat anti-Mouse 1gG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 568 Thermofisher A-11004 1:1000
Goat anti-Rabbit IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 488 Thermofisher A-11008 1:1000
Goat anti-Rabbit 1gG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor™ 405 Thermofisher A-31556 1:1000
2. Antibodies for Western blotting
Antibody Name -Source -Identifier-Working dilution
Fibrillarin Abcam ab5821 1:1000
B-Actin Antibody #4967 Cell Signalling 4967S 1:1000
NPM1 Monoclonal Antibody (4TOU-1B2) Thermofisher MA3-086 1:1000
Peroxidase AffiniPure™ Goat Anti-Rabbit IgG (H+L) Jackson ImmunoResearch 111-035-144 1:10, 000
Peroxidase AffiniPure™ Goat Anti-Mouse I1gG (H+L) Jackson ImmunoResearch 115-035-062 1:10, 000
Validation All antibodies used for immunofluorescence (IF) are validated by confirming that the intracellular localization matches the reported

cellular localization. Western blotting (WB) antibodies are validated by the molecular weight of the band detected and the reduced
intensity upon knockdown for fibrillarin. In addition, antibodies were validated by the manufacturer: e.g.,ESF1 (proteinTech 23496-1-
A) has been tested in mouse heart tissue for WB and MCF-7 cells for IF and it has tested reactivity against mouse and human.
Fibrillarin (Abcam ab5821 and ab202540) has been tested for WB and IF in human, mouse and Drosophila melanogaster. RRP1B
(Sigma HPA017893), SURF6 (Thermo Fisher PA5-54841), Nat10 (Thermofisher 13365-1-AP), DDX21 (Sigma-Aldrich HPA036593),
NPM1-488 (Thermo Fisher MA3-25200-A488), Nucleolin (ThermoFisher 39-6400), RRP1B (Sigma HPA017893), and RPA194 (Santa
Cruz sc-48385) have been tested in IF with localization to nucleoli.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) The following cell lines are used in this study: MCF10A (gift from Yibin Kang, ATCC, female), HEK293T (ATCC, female), HCT116
(gift from Yibin Kang, ATCC, male) and MCF7 (gift from Yibin Kang, ATCC, female). All cell lines were derived from human
participants

Authentication All the gifted cell lines were validated by STR profiling with > 90% match. Vendors of each of the commercially-available cell
lines (ATCC) provide further information about the authentication of cells on their website.

Mycoplasma contamination All cell lines used in this study tested negative for mycoplasma contaminiation.

Commonly misidentified lines No cell lines used in this study were among the commonly misidentified lines
(See ICLAC register)
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Plants

Seed stocks n.a.

Novel plant genotypes  na.
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This checklist template is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give

appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The images or other third party material in this article are included in

the article's Creative Commons license, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons license and your intended use is not permitted by

statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0,
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