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Extended Data Fig. 8 | See next page for caption.
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Extended Data Fig. 8| Link between mechanical and morphometric
parameters. A. Definitions of crypt cellular aspect ratio (g) andin-planeto

. . T+, . C .
lateral tension ratio ( “: by (seeSINotesection3.1for details). B. Sensitivity
[

analysis for how model parameters affect the correlation between aspect ratio

(g) andin-planeto lateral tension ratio ( r“:r” ) inbothbulged and budded
c [

crypts: the dependence of the normalized value (g) /( r“r;r”) onnormalized
c 1 c

volume v (left), in-plane contraction ratio a (middle) and differential tension o,
(right). Weset v = 1, « = 1.2and o, =0.03 (bulged) or 0.15 (budded) unless the
parameter is varying. C. Representative organoid image with Myh-9-GFP staining
and extraction of cellular height #and width d.D. Quantification of Myh-9-GFP
intensity ratio: apical, basal, and in-plane (sum of apical and basal) intensities

are normalized by lateral intensity in each crypt (bulged: N =11, budded: N = 28).

E. Quantification of cellular height A, width d. and aspect ratio (g)C inboth

bulged and budded crypts (bulged: N=11, budded: N = 28). Bulged samples are

those after lumenbreakage (thatis v ~ 1, also shownin Fig. 2e), and in this state,

cellular tension ratio and aspect ratio are expected to share the same value

based on sensitive analysis B. F. Inference of in-plane to lateral tension ratio

(%) from corresponding Myh-9-GFP intensity ratio (thatis right panel in D)
c

and cellular aspect ratio (based on sensitive analysis B, tension ratio can also
beinferred from aspect ratio in panel E). The box-plot elements show the

25% (Q1, lower bound), 50% (median, line within the box) and 75% (Q3, upper bound)
quartiles, and the whiskers denote 1.5x the interquartile range (minimum =
Q1-1.5x(Q3-Q1), maximum=Q3+1.5x(Q3-Q1)) with outliers (rhombuses).
Scale bars: 50 pm (organoid) and 20 pm (magnification).
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Extended Data Fig. 9| See next page for caption.
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Extended Data Fig. 9| Quantification of mechanical parameters. A. Definitions
. h h . . .
of cellular aspect ratios (3) and (3) ,and in-plane contraction ratio
_ (Ta+Tp), N v
T (Ta+Tp),
B. Quantification of Myh-9-GFP intensity and cell shape: top, crypt to villus
Myh-9-GFP intensity ratios, including crypt apical (ca) to villus apical (va), and
cryptbasal (cb) to villus basal (vb); bottom, quantification of cellular aspect

, withsubscripts c and v respectively denoting crypt and villus.

ratiosin crypt (S) and thatinvillus (g) .C.Inference of in-plane contraction
c \Z

ratio « from both Myh-9-GFP intensity and cell shape: top, the ratio of in-plane

Myh-9-GFP intensities (that is the sum of apical and basal intensities) of crypt

to villus cell; bottom, the aspect ratio of crypt to villus cell (S) /(g) .Inpanel
C \4

Band C, bothbulged (NV=11) and budded (N = 28) samples are quantified. Bulged
samples with lumen breakage (labelled as v ~ 1, also used in Fig. 2e) are chosen
to quantify cellular aspect ratio as their cell shapes give direct inference of a
(see SINote section 3.2 for details). D, E. Fitting of the lumen inflation-induced
morphometric variation with analytic formulae derived from the model. The
images (top) show the organoid morphology and cell shape before and after

lumen inflation by PGE treatment. Morphometric variation in cells is tracked by

ifl ctr
(middle) normalized aspect ratio of crypt cell (S) /(S) (thatis the value after
C C
ifl ctr
lumen inflation (g) normalized by that before inflation (g) ,presented as
C C

ctr ifl
mean + SD, with data of ( g) and (g) shownintheright panel), and (bottom)
c C

aspectratio of cryptto villus cell (S) /( S) (mean +SD, with raw data shown in
C \4

theright panel), inbothbulged (panel D, N = 24) and budded (panel E, N=19)
organoids. F. Quantification of cell numbers in crypt and villus cross-sections
(2D) from organoid images, which are used to estimate parameters in panel G (see
SINote section 3.3 and 4.3 for details). G. Measurement of shape factor «_ (left)
and cryptsize ¢ (right) in bulged (VN =11) and budded (N =28) crypts. The
box-plot elements show the 25% (Q1, lower bound), 50% (median, line within the
box) and 75% (Q3, upper bound) quartiles, and the whiskers denote 1.5 the
interquartile range (minimum = Q1-1.5x(Q3-Ql), maximum = Q3+1.5x(Q3-Ql))
withoutliers (rhombuses). Scale bars: 50 pm.
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Extended Data Fig. 10 | Crypt bistability mechanism: evaluation of time-
dependent effects and extension to in vivo scenario. A. Theoretical trajectories
showing the temporal evolution of crypt morphology, differential tension (that is
intrinsic tension in the left panel, and total tension in the right one) and lumen
volume, specified as normal morphogenesis (black arrows) and lumen inflation
of bothbulged and budded organoids (orange arrows). B. Temporal evolution of
lumen volume in normal development and suing inflation treatment (left), and
corresponding crypt morphologies with various time-scales of mechano-sensing

Normalized external force t

(right). C. Morphological response to lumen inflation for crypts undergoing
varying developmental time and showing varying mechano-sensing time-scales.
Time-related parameters are normalized by 7,4 (overall time of normal bulged-to-
budded evolution). D. Extension of the model to the in vivo setting of an open
geometry, where crypt budding can still be modulated and impeded by external
force t generated by other tissues (for example villus). E. Crypt morphology with
curvature-sensation (n = 1) in o — t diagram (left) and corresponding o, — ¢
diagram showing the bistable crypt morphology (right).
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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.

n/a | Confirmed

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

X X

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.

A description of all covariates tested

O X 0 000
X

X
OO0 O O Xo

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)

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.

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

X X X

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  To collect time-course imaging data, Wako Software Suite (version 2) and custom written segmentation code was used. The code was written
in the Liberali lab and implemented with Python 3.8 (relying on multiple open source Python libraries for scientific computing and image
analysis). ZEN Black software was used for collecting data of laser nanosurgery. Visview (version 4.4.0.9) was used for collecting confocal
imaging data.

Data analysis To analyze imaging data, Fiji (version 2.9.0) was used. Codes generated and analyzed during the current study are available on https://

github.com/fmi-basel/glib-nature_cell_biology2021-materials.git.

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.
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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 datasets are provided as source Data (excel sheets).

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 NA

Reporting on race, ethnicity, or NA
other socially relevant

groupings

Population characteristics NA
Recruitment NA
Ethics oversight NA

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.

|X| Life sciences |:| Behavioural & social sciences |:| 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 No particular statistical method was used to define sample size. In compound time-course experiments, we assumed a minimum of around 50
organoids at Day4 would be sufficient to recognize differences between control and perturbations based upon historical experiments. Sample
size was determined based on previous related studies in the field (Yang et al., 2021, Nature Cell Biology).

Data exclusions  Parameters used to exclude datapoints were defined based on data distributions. Exclusion criteria for segmentation were pre-definded as
reported previously (Yang et al., 2021, Nature Cell Biology).

Replication All experiments were replicated at least twice with similar findings.
Randomization  Samples were randomly assigned.

Blinding Same investigator performed experiments and data analyses therefore it is not blinding.

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.
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Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
Antibodies X[ ] chip-seq
Eukaryotic cell lines |X| |:| Flow cytometry
Palaeontology and archaeology |X| |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern
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Plants

Antibodies

Antibodies used anti-YAP (Cell signaling technology mAB #14074, clone D8H1X, dilution 1:200),
anti-DII1(R&D Systems AF3970, clone NA (Polyclonal), dilution 1:200),
anti-Lysozyme (DAKO A0099, clone NA (Polyclonal), dilution 1:500 ),
Alexa Fluor 488 goat anti rabbit IgG (Thermo fisher scientific B40943, dilution 1:2000),
Alexa Fluor 568 donkey anti sheep 1gG (Thermo fisher scientific A-21099, dilution 1:2000).
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Validation Validation statements available from manufacturers:
anti- YAP (https://www.cellsignal.com/products/primary-antibodies/yap-d8h1x-xp-rabbit-mab/14074),
anti-DII1 (https://www.rndsystems.com/cn/products/mouse-rat-dll1-antibody_af3970),
anti-Lysozyme (https://www.labome.com/product/Dako/A0099.html).

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Wnt3a L-cells, gift from Novartis.
Authentication The cell line used was not authenticated.
Mycoplasma contamination The cell line is tested negative with mycoplasma contamination.

Commonly misidentified lines  No commonly misidentified lines in this lab.
(See ICLAC register)

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

Authentication VDVS;CWJLE}’”;;[)/ authentication procedures for-each seed stock tised-ornovel-genotype generated. Describe-any-experiments-used-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.






