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Extended Data Fig. 3 | See next page for caption.



Extended Data Fig. 3 | Gene deregulation in Apc-null ISCs and organoids.  
a, Representative FACS plots for purification of Apc−/− ISCs (GFP+ Tom+) from 
ISC-Cre;R26RTom mice (left, n > 10) and from Sec-Cre;R26RTom mice that also carry 
the Lgr5Dtr-Gfp allele44 for fluorescent ISC marking (right, n > 10). ISCs reflecting 
dedifferentiation of Atoh1Cre labelled Sec cells represent 1.7% of viable cells in 
Sec-Cre mice 6 weeks PCI. Supplementary Fig. 2 shows the FACS gating strategy. 
b, Apc-null adenomas in ISC-Cre contain a high proportion of GFP+ (Lgr5+) ISCs, 
extending well beyond the crypt base. N = 8 mice. Left, merged fluorescent 
signals; right, isolated GFP (Lgr5) signal. Scale bar 50 μm. c, Aberrant expression 
of 3,286 genes (RNA-seq, DESeq2 analysis, two-tailed Wald test corrected for 
multiple comparisons, q < 0.01, log2 fold-change >2, base mean >20 counts)  
in Apc−/− ISCs isolated from ISC-Cre mice compared to Apc+/+ (WT, from mice 
lacking Cre) ISCs, both isolated 14 days PCI. d, Additional example of Notum 
expression (RNA in situ hybridization) in Sec-Cre ileal clones (N = 4 mice,  
scale bar 50 μm). e, Wild-type (Apc+/+) organoids are budding structures, 

distinct from the spheroidal morphology observed in Apc-null organoids.  
N = 5 independent cultures, scale bar 1 mm. f, Aberrant gene expression in Apc−/− 
organoids in vitro overlaps with genes dysregulated in Apc−/− ISCs isolated from 
ISC-Cre mice. Table shows examples of genes dysregulated (average DESeq  
read counts from N = 2 mice each) in ISCs from ISC-Cre mice and their relative 
expression in ISCs isolated from WT mice, Apc−/− ISCs isolated from Sec-Cre 
mice (in vivo), and organoids cultured from each source of small intestine 
crypts (N = 2 independent cultures from each). g, RNA in situ hybridization 
shows Notum (top, N = 2 mice) and Spock2 (bottom, N = 2 mice) expression 
predominantly in ISC-Cre adenomas. Scale bars 50 μm; dashed lines demarcate 
crypt bottoms. h, Context-dependent consequences of Apc loss. In gene 
activity and absence of adenomatous features, ISCs from Sec-Cre behave  
like WT ISCs in vivo but their expansion in organoid medium lacking RSPO 
phenocopies their ISC-Cre counterparts. Created with BioRender.com.
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Extended Data Fig. 4 | Monte Carlo simulations of crypt clustering.  
a, Variegated Lgr5Cre expression in ISC-Cre mice and sporadic dedifferentiation 
in ISC-Cre mice result in areas with variably dense (top, 5 days PCI, N = 6 mice) 
and sparse (bottom, N = 15 mice) tdTom labelling, respectively. Scale bars 50 μm. 
b, Top: the relation between crypt clustering (y-axis, values +SD) and basal rates 
of crypt labelling (x-axis) is non-linear. Bottom: derivatives of the clustering rates. 
The largest change in clustering rate occurs between the labelling rates observed 
in ISC-Cre and Sec-Cre ileum. c, Simulation of crypt clustering in silico. Using 
normal distributions fit to the observed rates of crypt labelling, sequential 
crypts with randomly selected cells were represented by vectors, given the 
prescribed rate of labelling, and simulated in silico. Distributions of clustered 
crypts were generated from 100,000 iterations for each dataset. d, The cluster 
distribution of Sec-Cre crypts (top) fell at the low end of the range expected 

from random labelling. In contrast, ISC-Cre mouse ilea (bottom) showed more 
clustering than predicted from random basal crypt labelling, as expected from 
the known patchiness of variegated Lgr5Cre expression. Dark grey: 5th to 95th 
percentile range, light grey: maximum range for the simulated data. Cumulative 
frequencies displayed together for comparison in Fig. 2f. e, Whole mount 
fluorescence micrograph of the largest crypt cluster detected in a Sec-Cre 
ileum (14 weeks PCI, example from N = 4) and showing adenomatous features: 
extension beyond the tissue plane and effaced crypt boundaries. Scattered 
isolated crypts appear on the periphery. Whole-mount fluorescence image 
from ApcFl/Fl ISC-Cre ileum 16 days PCI shows an adenoma (dashed yellow 
structure: extra-planar growth, fused dysmorphic crypts) among variably sized 
patches of untransformed Apc-null crypts with distinct borders. N = 4 mice, 
scale bars 1 mm.



Extended Data Fig. 5 | Perturbations of crypt clustering in Sec-Cre mice.  
a, Whole-mount images of representative ISC-Cre ilea 5 days and 15 days PCI 
demonstrate dense, patchy labelling correlated with adenomas (15 days PCI), 
compared to diffusely scattered singletons observed in Sec-Cre as late as 14 weeks 
PCI. Bars 1 cm. Below, tdTom fluorescence signals in ISC-Cre whole mounts  
(5 days PCI, N = 4 ilea) are greatest in the distal 2 cm, correlating with tumour 
size and abundance at euthanasia (2-3 weeks PCI, N = 4 ilea). b, Increased rates 
of clonal crypt marking in Sec-Cre;ApcFl/Fl mice with 12 injections of Tam or by 
ablating Lgr5DTR-Gfp ISCs with Diphtheria toxin (DT), hence increasing Sec cell 
dedifferentiation. N, mouse numbers; first two columns repeated from Fig. 1d; 

unpaired t test with Welch’s correction, one-tailed. c, Upon elevation of basal 
crypt labelling with 12 doses of Tam (top) or DT treatment (bottom), Monte 
Carlo simulations showed more doublets than expected from random crypt 
distributions (dark dots in right graph), but larger clusters remained rare. 
Cumulative frequencies displayed together for comparisons in Fig. 3b; dark grey 
shading: 5th to 95th percentile range, light grey: maximum range for simulated 
data. d, High TdTom labelling in Sec-Cre colon, owing to large number of native 
Sec cells available to dedifferentiate. N = 6 colons, scale bar 1 mm. e, High 
adenoma burden after 12X Tam in a representative Sec-Cre;ApcFl/Fl colon from 
N = 8 mice. Scale bar 1 mm, boxed area magnified below (scale bar 150 μm).
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Extended Data Fig. 6 | Perturbation of crypt clustering in ISC-Cre mice.  
a, PCR genotyping of genomic DNA for Apc exon 14 shows the excised product 
(240 bp) in FACS-purified ISCs (Tom+ cells) from ISC-Cre mice treated with 
0.1 mg Tam (N = 2 mice) but not in ISCs purified from animals that did not 
receive Tam (N = 2 mice). Purified Tom- and Tom+ crypt cell fractions from mice 
treated with 1 mg Tam (Extended Data Fig. 2g) serve as negative and positive 
controls. Whole gel is shown; a larger non-specific PCR product is amplified  
in all samples. b, In situ hybridization revealed Notum expression in clonal 
structures in ISC-Cre;Apcfl/fl ileum after 2 doses of 0.1 mg Tam (N = 2 mice). Top: 
low magnification, bottom (2 images): high magnification; all scale bars 50 μm. 
c, Monte Carlo simulations revealed high clustering after ISC-Cre mice were 

treated with 0.1 mg Tam, as expected from the underlying patchy variegation, 
but cluster sizes were substantially reduced compared to mice treated with 
1 mg Tam. Cumulative frequencies compared with others in Fig. 3g; dark grey: 
5th to 95th percentile range, light grey: maximum range for simulated data. Note 
different y-axis ranges for 1 mg and 0.1 mg treatments; circled dots: measured 
clustering frequencies. d, Sparse crypt labelling detected in ISC-Cre ApcFl/Fl 
ileum whole mounts 5 days PCI with 0.1 mg Tam. N = 3 mice, scale bar 1 cm.  
e, Whole ISC-Cre;ApcFl/Fl ileum 8 weeks (N = 4 mice) and 23 weeks (N = 2 mice) PCI 
after 0.1 mg Tam, showing small discrete adenomas (dashed ovals) in one of the 
latter ilea. Scale bars 1 cm.



Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7 | Altered enhancer accessibility in adenoma-resident 
Apc-null ISCs. a, Aberrant accessibility at 7,298 enhancers (DESeq2 analysis, 
log2 fold-change >2, two-tailed Wald test corrected for multiple comparisons, 
q < 0.01) in Apc−/− duodenal ISCs from ISC-Cre mice, compared to Apc+/+ (WT, 
from mice lacking Cre) ISCs, both isolated 14 days PCI. N = 2 mice each. b, DNA 
at enhancers newly accessible in ISCs from adenoma-bearing ISC-Cre mice are 
hypomethylated (range 0% to 100% methylation in sites containing >5 CpGs) 
relative to the same sites in Apc+/+ ISCs. Signals representing the full spectrum 
of DNA methylation are shown for comparison: at 5,000 arbitrary active 
H3K27ac+ enhancers (unmethylated in ISCs), at all CpGs (largely methylated), 
and at 5,000 neuronal enhancers37 (unmethylated in neuronal cells but 
methylated in WT and Apc−/− ISCs). c, DNA sequence motifs appreciably enriched 
among enhancers newly accessible in Apc−/− ISCs match transcription factors 
from the AP-1, TCF/LEF and FOX0 families. P values derived using the Fisher 
Exact test (one-tailed, corrected for multiple comparisons). d, Additional 
representative PyGenome tracks illustrate newly accessible enhancers (asterisks) 
in a locus (Spock2) with elevated RNA expression in Apc−/− ISCs. e, Top: differential 
analysis of enhancers in Apc−/− ileal ISCs from ISC-Cre mice treated with 1 mg or 

0.1 mg Tam, showing differences similar to those across ~100,000 called ATAC-
seq peaks (DEseq2, two-tailed Wald test corrected for multiple comparisons, 
q < 0.01, log2 fold-change ≥2) between WT and adenoma-resident duodenal 
ISCs. Bottom, alternative display of volcano plot shown in panel a. f, Pearson 
correlations among called peaks in ATAC-seq analysis of WT or adenoma-
resident Apc−/− duodenal ISCs and of WT or Apc−/− ileal ISCs from Sec-Cre mice 
and from ISC-Cre mice treated with 1 mg or 0.1 mg Tam. Black boxes demarcate 
like samples: WT ISCs (bottom left, showing regional differences); adenoma-
resident ISCs (top right, duodenal and ileal); ISCs not associated with adenomas 
(center, Sec-Cre mice treated with 1 mg Tam and ISC-Cre mice treated with 
0.1 mg Tam). g, Differential analysis of enhancers in Apc−/− ISCs from Sec-Cre 
mice treated with 1 mg Tam and from ISC-Cre mice treated with 0.1 mg Tam, 
showing few differences across ~100,000 called ATAC-seq peaks, in contrast to 
the modulated chromatin access in adenoma-resident Apc−/− ISCs from ISC-Cre 
mice (1 mg Tam, panel e). h, Additional PyGenome tracks from ATAC-seq samples 
represented in Fig. 4d, showing sites selectively accessible (shaded boxes) in 
adenoma-resident ISCs.



Extended Data Fig. 8 | See next page for caption.
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Extended Data Fig. 8 | Lack of appreciable additional enhancer accessibility 
when oncogenic mutations are superimposed on Apc-null ISCs. a, PCR 
genotyping of genomic DNA for Trp53 deletion reveals the 612-bp product 
(verified by DNA sequence) expected from Cre-mediated recombination in 
FACS-purified ISCs (Tom+ cells, N = 3 independent isolates) but not in DNA 
extracted from toes (N = 3 mice), which lack Cre recombinase. A non-specific 
PCR product (uninterpretable DNA sequence) was amplified in all samples. 
Source gel shown in Supplementary Fig. 1. b, Minimal expansion of the enhancer 
repertoire (519 additional accessible sites, log2 fold-change ≥2, DESeq2, two-
tailed Wald test corrected for multiple comparisons, q <0.01), in adenoma-
associated Apc−/− ISCs upon addition of KrasG12D mutation (N = 4 mice) and no 
further expansion upon Trp53 loss (N = 2 mice) in vivo. Two samples shown  
for each genotype. c, Principal component (PC) analysis of open chromatin 
(MACS2 called peaks) in WT (N = 4 independent organoid cultures), Apc−/−  
(A, N = 3 cultures), Apc−/−;KrasG12D (AK, N = 4 cultures), Apc−/−;KrasG12D;Trp53−/− 
(AKP, N = 2 cultures), and Apc−/−;KrasG12D;Trp53−/−;Smad4−/− (AKPS, N = 3 cultures) 

intestinal organoids. The largest distinction (PC1) is between WT and all  
Apc-null organoids. d, K-means clustering (k = 3) of 7,574 sites with objectively 
differential chromatin access in the mutational series compared to WT ISCs. All 
mutant organoids gave consistent signals across strong (cluster 1: n = 701) and 
moderate (cluster 2: n = 2,376) sites. The volcano plot shows that 4,497 sites 
(cluster 3) with ostensibly enriched access in AKPS organoids fail stringent 
thresholds for significance (two-tailed Wald test corrected for multiple 
comparisons). Control sites are 4,000 arbitrary enhancers accessible in all 
organoids, including WT. e, Significant overlap between enhancers differentially 
accessible in Apc-null ISCs in vivo and Apc−/− organoid cultures. Sites are clustered 
by whether peaks were called only in vivo, only in organoids, or in both. At sites 
called only in one, signals are evident in the other, but not in WT ISCs or organoids. 
Drawings in b–e were created with BioRender.com. f, PyGenome tracks for 
ATAC-seq signals at the Sox17 locus in Apc−/− ISCs isolated from ISC-Cre crypts 
in vivo and in organoids cultured from WT or Apc−/− intestinal crypts. Boxed 
areas are magnified below to highlight chromatin access in those locations.
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Data collection No code was used to collect data.

Data analysis FlowJo v. 10.7.2 (flpw cytometry analyses and FACS sorting); VIPER v. 1.0 (RNA-seq alignment,mapping); DESeq2 v. 1.22.2 (differential gene 
expression); Pheatmaps v. 1.0.12 and DeepTools v. 2.2.2 (generation of heatmaps); Bowtie v. 2.3.4.3 (ATAC-seq data alignment); MACS2 v. 
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v.4.3.0.1 (single-cell RNA analysis in Extended Data Fig. 1). All software is referenced in the Methods. Graphics were generated at https://
www.biorender.com/.

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 
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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 RNA and DNA sequence data new to this study are deposited in the Gene Expression Omnibus (GEO) under accession numbers GSE24134 (SuperSeries with bulk 
RNA-seq, ATAC-seq, and WGBS data) and GSE271614 (new single-cell RNA-seq in Extended Data Fig. 1). These deposits were made publicly available on or before 
November 15, 2024. Sources of published data used to make comparisons are cited in the text. 

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 Not applicable.

Reporting on race, ethnicity, or 
other socially relevant 
groupings

Not applicable.

Population characteristics Not applicable.

Recruitment Not applicable.

Ethics oversight Not applicable.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Sample size Sample sizes were not pre-determined. They were selected on the basis of mouse availability and the findings as data accumulated. Statistical 
tests and significance parameters are mentioned in the figure legends.

Data exclusions No data were excluded from any analyses.

Replication All experiments were replicated multiple times and the number of replicates (all independent biological –not technical– replicates) is 
reported. All replicates for RNA-seq and ATAC-seq data are represented in heatmaps or correlation grids.

Randomization The scientific questions and experimental design did not require mice to be randomized into experimental and control groups. Littermate 
controls of the appropriate genotype were used.

Blinding Investigators were not blinded to the mouse genotype or the treatment for two reasons: (1) The same persons were responsible for 
genotyping and treating mice and analyzing data. (2) Differences between animal cohorts were generally dramatic.

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, 
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Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used Anti-MKl67 antibody (Thermo Scientific, RM-9106-50), anti-tdTomato antibody (LSBio, LSC-C340696), biotin-conjugated sheep anti-

rabbit IgG (Boehringer Mannheim 1214659), Alexa Fluor 555-conjugated donkey anti-goat IgG (Invitrogen A21432), 

Validation MKl67 antibody was validated by the vendor in comparative immunocytochemical testing of serum-starved (therefore MKI67-
negative) cells and those released from serum starvation (hence Mki67-positive). Moreover, we detected MKI67 staining only in 
areas of tissue known to house replicating cells. Anti-tdTomato antibody was validated by staining tissues that lacked tdTomato. 
Moreover, cells within the same tissue expressed or did not express tdTomato, providing ideal internal controls, and we observed no 
staining in tissues from mice that did not express tdTomato. Both secondary antibodies are extensively validated by their respective 
vendors, e.g., absence of immunostaining in the absence of primary Ab or in the presence of primary Ab from a heterologous species, 
and we did not ourselves observe staining in the absence of primary MKI67 or TdTomato antibodies.

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 Mus musculus on a mixed genetic background, predominantly C57B1/6. All mouse strains are listed and referenced in the text. 
Apc<Fl> mice (Ref. 61) were a gift from C. Perret. Atoh1-Cre(ER) mice (Ref. 36) and Lgr5DTR-GFP mice (Ref. 38) were provided by M. 
Hoshino and F. J. deSauvage, respectively; both are co-authors on this study. All other strains were purchased from The Jackson 
Laboratories: Lgr5eGfp-Cre(ER-T2) (Ref. 18, JAX strain 008875), Rosa26L-S-L-TdTom (Ref. 37, JAX strain 007909), KrasG12D (Ref. 62, 
JAX strain 008179)62, Smad4Fl (Ref. 63, JAX strain 017462), and Trp53Fl (Ref. 64, JAX strain 008462). Housing conditions and 
experimental endpoints are described in the Online Methods. Mice were used for experiments at 6 weeks and older. 

Wild animals None.

Reporting on sex Owing to availability of mice with multiple alleles, sex was not taken into consideration. Both males and females were used and we 
did not observe sex-related differences. 

Field-collected samples None.

Ethics oversight Animal care and research was overseen by the Dana Farber Cancer lnstitute's Animal Care and Use Committee.

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

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 
was applied.

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.

Authentication Describe any authentication procedures for each seed stock used or novel 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.

Plants
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ChIP-seq

Data deposition
Confirm that both raw and final processed data have been deposited in a public database such as GEO.

Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links 
May remain private before publication.

The report includes previously unpublished ATAC-seq (not ChlP-seq) data, which are deposited in the Gene Expression 
Omnibus (GEO) under accession number GSE241382 and available to the public as of November 15, 2024. 

Files in database submission 32 ATAC-seq files, including replicates. Files are numbered GSM7727996 through 7728027.

Genome browser session 
(e.g. UCSC)

We used pyGenomeTracks v. 2.1 to visualize genome tracks for RNA- and ATAC-seq.

Methodology

Replicates At least 2, and up to 4, replicates per sample. Results were additionally verified across experiments.

Sequencing depth At least 50 million reads per library. For many of the 32 ATAC-seq libraries (including replicates), sequencing reads approached or 
exceeded 100 million. Reads of low mapping quality, mitochondrial reads (reduced in the Omni-ATAC protocol), and duplicated reads 
were discarded. 

Antibodies None.

Peak calling parameters Default parameters in MACS2 v. 2.1.2 

Data quality Data quality was evaluated in MACS2 using FastQC. We did not observe deviations from expected GC content or sequence read 
lengths. Unique mapping rates exceeded 90%. The 32 ATAC-seq libraries (including replicates) gave between 60,000 and 120,000 
peaks at a false discovery rate (FDR) <0.05.

Software Bowtie v. 2.3.4.3 to align sequences; MACS2 v. 2.1.2 to call ATAC peaks; Bedtools v. 2.27.1 to identify ATAC-seq peaks enriched in 
specific conditions. ATAC-seq data are deposited in the Gene Expression Omnibus (GEO) under accession number GSE241382, which 
was released to the public on November 15, 2024.

Flow Cytometry

Plots
Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation Cells were isolated from primary mouse intestines. The epithelial lining was isolated using 5 mM EDTA at 4 degrees Con a 
rocker set to max shaking and disaggregated using either TrypLE Express or Type II Collagenase at 37 degrees C. After filtering 
and centrifuging, the cells were resuspended in FACS sorting buffer (PBS with 2% FBS, 2 mM EDTA, 10 mM HEPES). 

Instrument BO Biosciences FACSAria II. 

Software FlowJo v. 10.7.2.

Cell population abundance Abundance varied by region of the intestine, Cre driver strain, duration after tamoxifen treatment, and tumor abundance - all 
as specified in the text. The majority of cell isolations were from the ileum, where 5-10% of cells from Lgr5CreEGFP;Apcfl/
fl;RosatdTom mice and ~2-4% of the cells from Atoh1Cre;Apcfl/fl;Lgr5DTR-GFP;RosatdTom mice were of interest for this 
study. 

Gating strategy Cells were first sorted on FSC-A and SSC-A parameters to exclude debris. Cells were further purified by comparing FSC-W vs 
FSC H followed by SSC-W vs SSC-H. Populations of interest were then gated on GFP and tdTomato expression. As cells from 
Lgr5CreEGFP and Lgr5DTR-GFP intestines had different GFP intensity, GFP gate positions depended on the strain used in 
specific experiments. 

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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Magnetic resonance imaging

Experimental design

Design type Indicate task or resting state; event-related or block design.

Design specifications Specify the number of blocks, trials or experimental units per session and/or subject, and specify the length of each trial 
or block (if trials are blocked) and interval between trials.

Behavioral performance measures State number and/or type of variables recorded (e.g. correct button press, response time) and what statistics were used 
to establish that the subjects were performing the task as expected (e.g. mean, range, and/or standard deviation across 
subjects).

Acquisition
Imaging type(s) Specify: functional, structural, diffusion, perfusion.

Field strength Specify in Tesla

Sequence & imaging parameters Specify the pulse sequence type (gradient echo, spin echo, etc.), imaging type (EPI, spiral, etc.), field of view, matrix size, 
slice thickness, orientation and TE/TR/flip angle.

Area of acquisition State whether a whole brain scan was used OR define the area of acquisition, describing how the region was determined.

Diffusion MRI Used Not used

Preprocessing

Preprocessing software Provide detail on software version and revision number and on specific parameters (model/functions, brain extraction, 
segmentation, smoothing kernel size, etc.).

Normalization If data were normalized/standardized, describe the approach(es): specify linear or non-linear and define image types used for 
transformation OR indicate that data were not normalized and explain rationale for lack of normalization.

Normalization template Describe the template used for normalization/transformation, specifying subject space or group standardized space (e.g. 
original Talairach, MNI305, ICBM152) OR indicate that the data were not normalized.

Noise and artifact removal Describe your procedure(s) for artifact and structured noise removal, specifying motion parameters, tissue signals and 
physiological signals (heart rate, respiration).

Volume censoring Define your software and/or method and criteria for volume censoring, and state the extent of such censoring.

Statistical modeling & inference

Model type and settings Specify type (mass univariate, multivariate, RSA, predictive, etc.) and describe essential details of the model at the first and 
second levels (e.g. fixed, random or mixed effects; drift or auto-correlation).

Effect(s) tested Define precise effect in terms of the task or stimulus conditions instead of psychological concepts and indicate whether 
ANOVA or factorial designs were used.

Specify type of analysis: Whole brain ROI-based Both

Statistic type for inference

(See Eklund et al. 2016)

Specify voxel-wise or cluster-wise and report all relevant parameters for cluster-wise methods.

Correction Describe the type of correction and how it is obtained for multiple comparisons (e.g. FWE, FDR, permutation or Monte Carlo).

Models & analysis

n/a Involved in the study
Functional and/or effective connectivity

Graph analysis

Multivariate modeling or predictive analysis

Functional and/or effective connectivity Report the measures of dependence used and the model details (e.g. Pearson correlation, partial correlation, 
mutual information).

Graph analysis Report the dependent variable and connectivity measure, specifying weighted graph or binarized graph, 
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Graph analysis subject- or group-level, and the global and/or node summaries used (e.g. clustering coefficient, efficiency, 
etc.).

Multivariate modeling and predictive analysis Specify independent variables, features extraction and dimension reduction, model, training and evaluation 
metrics.




