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Extended Data Figure 3 
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Extended Data Figure 4 
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Extended Data Methods 

KEY RESOURCES TABLE 

REAGENT or RESOURCE SOURCE IDENTIFIER 

Antibodies 

mouse monoclonal anti β-catenin (C-terminus) BD Transduction Lab 610153; RRID: 
AB_397554  

rabbit polyclonal anti Ki67 Abcam  ab15580; RRID: 
AB_443209 

mouse monoclonal anti E-cadherin BD Transduction Lab 610181; RRID: 
AB_397580 

rabbit polyclonal anti Lysozyme Dako A0099; RRID: 
AB_2341230 

rat monoclonal anti CD45-FITC Invitrogen 12-0453-82; RRID: 
AB_465675 

rabbit Sox9 Sigma Aldrich AB5535; RRID: 
AB_2239761 

rabbit monoclonal anti-Olfm4 Cell Signaling 39141; RRID: 
AB_2650511 

rabbit polyclonal anti-ACTIVE® JNK pAb Promega V7931; RRID: 
AB_430864 

Alexa fluor 594 goat anti-rabbit ThermoFischer  A-11037; RRID: 
AB_2534095 

Alexa fluor 647 goat anti-mouse ThermoFischer A-21236; RRID: 
AB_2535805 

Alexa fluor 594 goat anti-rat ThermoFischer A-11007; RRID: 
AB_10561522 

Peroxidase-AffiniPure Goat Anti-Rabbit IgG Jackson 
ImmunoResearch 

111-035-144; RRID: 
AB_2307391 

Chemicals  

Tamoxifen Sigma T5648  

Matrigel Corning 354230 

4-hydroxytamoxifen Sigma H6278 

ROCK inhibitor Y-27632 Millipore SCM075 

Alcian Blue Sigma A3157 

Hematoxylin Sigma 51275  

Eosin Y-solution Sigma HT110280 

DAPI Sigma D9543 

4% paraformaldehyde in PBS Santa Cruz 
Biotechnology 

sc-281692 

TripLE Express Enzyme 1X ThermoFischer 12604013  

Advanced DMEM/F12 ThermoFischer 12634010 

Tissue-Tek OCT Compound Sakura 4583 

Bovine Serum Albumin Sigma A9647 

Gentle Cell Dissociation Reagent  Stemcell Technologies 07174 

Instesticult Organoid Growth Medium (Mouse) Stemcell Technologies 06005 

Critical Commercial Assay 

VECTASTAIN ABC HRP Kit Vector Laboratories PK-4000 

RNAScope 2.5 HD Reagent Kit Brown ACDBio 322300 

MinElute PCR Purification Kit Qiagen 28004 

Edu Click 647 Kit + EdU baseclick GmbH BCK647-IV-IM 
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Deposited Data 

bulk RNA sequencing This study GEO: GSE148941 

single cell mRNA sequencing This study GEO: GSE148942 

bulk ATAC sequencing  This study GEO: GSE148940 

Experimental Models: Duodenal Organoid Lines 

Murine VillinCre-ERT2-Ctnnb1D164A/flox  This study N/A 

Murine VillinCre-ERT2-Ctnnb1wt/flox  This study N/A 

Murine Ctnnb1wt/wt  This study N/A 

Murine Ctnnb1wt/KO  This study N/A 

Murine Ctnnb1dm/flox  This study N/A 

Murine Ctnnb1∆C/flox  This study N/A 

Experimental Models: Organisms/Strains 

Mus musculus_Ctnnb1-D164A Valenta et al, 2011 RRID:MGI: 5308942 

Mus musculus_Ctnnb1-delC Valenta et al, 2011 RRID:MGI: 5308945 

Mus musculus_Ctnnb1-dm Valenta et al, 2011 RRID:MGI: 5308947 

Mus musculus_Ctnnb1-flox Brault et al, 2001 RRID:MGI: 2148567 

Mus musculus_Tg(Vil1-cre/ERT2) The Jackson 
Laboratory 

RRID:MGI: 3053826 

Oligonucleotides 

Fwd primer Ctnnb1-D164A: TCCCTGAGACGCTAGATG Valenta et al, 2001 N/A 

Rev primer Ctnnb1-D164A: GAGTCCCAGCAGTACAAC Valenta et al, 2001 N/A 

Fwd primer Ctnnb1-delC: GTGCACACGTCATGCTTTAC Valenta et al, 2001 N/A 

Rev primer Ctnnb1-delC: TGGCTTGTCCTCAGACATTCG Valenta et al, 2001 N/A 

Fwd primer vilCreERT2: CAAGCCTGGCTCGACGGCC El Marjou et al., 2004 N/A 

Rev primer vilCreERT2: CGCGAACATCTTCAGGTTCT El Marjou et al., 2004 N/A 

Primer RM41 Ctnnb1-flox: AAGGTAGAGTGATGAAAGTTGTT Brault et al. 2001 N/A 

Primer RM42 Ctnnb1-flox: CACCATGTCCTCTGTCTATTC Brault et al. 2001 N/A 

Primer RM43 Ctnnb1-flox: 
TACACTATTGAATCACAGGGACTT 

Brault et al. 2001 N/A 

See Table S1 for smFISH probes This study  N/A 

Software and Algorithms 

GraphPad Prism v7.0a GraphPad Software 
Schneider 

https://www.graphpad.c
om/scientific- 
software/prism/ 

IGV 2.8.0 Broad Institute https://software.broadin
stitute.org/software/igv/ 

R software 3.6.1 GNU project https://www.r-project.org 

R Studio RStudio https://www.rstudio.com 

SUSHI: Supporting User for SHell script Integration Functional Genomics 
Center Zurich 

https://github.com/uzh/s
ushi 

edgeR R package 

Robinson et al, 2010 

https://bioconductor.org/
packages/release/bioc/h
tml/edgeR.html 

pheatmap R package Kolde, 2012 https://cran.r-
project.org/web/packag
es/pheatmap/pheatmap.
pdf 
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Seurat v3.0 

Stuart et al, 2019 

https://satijalab.org/seur
at/get_ started.html 
RRID:SCR_016341 

conos R package  Barkas et al, 2019 https://github.com/hms-
dbmi/conos 

psupertime R package Mcnair & Claassen, 
2018 

https://github.com/wmac
nair/psupertime 

destiny R package  

Angerer et al, 2015 

http://bioconductor.org/p
ackages/release/bioc/ht
ml/destiny.html 

msigdbr R package R Bioconductor https://cran.r-
project.org/web/packag
es/msigdbr/vignettes/ms
igdbr-intro.html 

fgsea R package  

Sergushichev et al, 

2016 

https://bioconductor.org/
packages/release/bioc/h
tml/fgsea.html 

ggplot2 R package Wickham, 2016 https://cloud.r-
project.org/web/packag
es/ggplot2/index.html 

bedtools 

Quinlan and Hall, 2010 

https://bedtools.readthe
docs.io/en/latest/ 

HOMER v4.11 Heinz et al, 2010 http://homer.ucsd.edu/h
omer/ 

LAS-X  Leica Microsystems  https://www.leica-
microsystems.com/prod
ucts/microscope-
software/ 

Image J Fiji Schindelin et al, 2012 https://imagej.net/Fiji/ 

inForm Cell Analysis Perkin Elmer https://www.perkinelmer
.com/lab-
solutions/resources/doc
s/BRO_010576_01_PR
D_inForm.pdf 
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