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Sample size

Data exclusions

Replication

For CUT&RUN/ChIP analysis:

seqtk version 1.3.9 was used to subsample the ChIP

cutadapt version 1.16 was used to remove adapters

Bowtie2 2.3.4.1 was used for mapping

Samtools 1.2 was used for filtering.

Picards version 1.56.0 was used to remove duplicates.

Bedtools 2.18.2 was used to convert the bam file to bed.

MACS2 version 2.1.1.20160309 was used for peak calling.

HOMER 4.10 was used for motif finding.

Bedtools 2.27.1 was used to identify HOXD13 and HOXA11 binding site overlaps.

Diffbind 2.14.0 was used for differential binding analysis of HOXD13 and HOXA11 with DESeq2 1.24.0 and R version 3.6.

For single-cell RNAseq analysis:

Cell Ranger 3.1.0 was used for scRNA-seq mapping and counting.

Seurat 3.2.3 was used for analysis of the single cell RNA-seq with R 3.6.3.

Seurat 4.0.1 was used for the integration with R 4.0.

baredSC version 1.0.0 was used for correlation and fold-change estimation.

pygenometracks 3.3 was used to generate genomic tracks figures.

deepTools 3.5 was used for hierarchical cluster, and ATAC and CUT&RUN binding heatmaps.

The data generated in this study are available as raw and processed datasets in the Gene Expression Omnibus (GEO) repository under accession number GSE165495
[https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE165495]. The mouse E11.5 HOXA11 ChIP-seq dataset was obtained from the GEO under SRR8290670 of
GSM3504924 [https://www.ncbi.nlm.nih.gov/sra?term=SRX5105273] and SRR8290672 of GSM3504925 [https://www.ncbi.nlm.nih.gov/sra?term=SRX5105274].

These data are associated with Figs 2, 3, 4 and Supplementary Figs 2, 3, 4, and 5.

For all WISH, at least 3 biological replicates were evaluated (3 embryos), which is a commonly accepted sample size for such experiments. A
sample size of 3 can demonstrate that a change in gene expression is consistent across genotypes, while balancing for animal usage
considerations. For the figures, one embryo was chosen as representative of the set. For skeleton preparations, 3 biological replicates were
used for wild type and inv2 mutants, measuring both forearms of each animal. For the 13hd and inv2:13hd, two biological replicates were
used, measuring both forearms of each animal. For replicates in CUT&RUN, see the ChIP-seq section details below. For CHiC-seq and CTCF
CUT&RUN-seq, the tissue was pooled from 6 or 7 embryos (both pairs of limbs) of the same genotype in order to produce enough material for
experimentation. As these experiments result from pools of cells from several embryos, the resulting data is an average of measurements
across many samples. In the scRNA-seq, one wild type embryo was used, with the PPFL collected from both forearms, and for each inv2
sample, the same dissection was performed, in two distinct embryos. Due to the cost of scRNA-seq experiments, we reasoned that a single
replicate for wild type, and two replicates for the inv2 were sufficient to identify transcriptional changes that were significant. For the PLE:lacZ
enhancer reporter transgenic embryos, we performed two rounds of injection into embryos. We stopped when we observed that 7 out of 7
embryos produced very similar staining in the proximal forelimb.

No data was excluded from this study.

All experiments were performed in biological replicate when the results were likely to have a meaningful impact on the interpretation of the
result. Skeletal preparations were performed on at least three biological replicates per genotype at each stage (Replication was successful).
For the lacZ transgenic embryos carrying the PLE enhancers, we collected 34 viable embryos and 7 of them stained for lacZ; all of these
embryos were included in Supplementary Figure 2e (Replication was successful). In the single cell RNA-seq experiment, one wild type sample
was used and two biological replicates (coming from two different embryos) were used for the Inv2 sample (Replication was successful). The
HOXD13 CUT&RUN experiment was produced in biological replicate to identify binding positions that are common across more than one pool
of embryos (Replication was successful). ATAC-Seq and Capture Hi-C experiments were performed on pools of tissue, but performed only as
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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

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals

Field-collected samples

Ethics oversight

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

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.

singletons. All WISH samples were performed in >3 replicates for each probe.

For skeleton preparations (Blue/Red and microCT), the analysis was performed by blinding the person doing the measurements from sample
identifications and genotypes until after measurements were made. For all other experiments, the genotypes of individual embryos were
determined prior to experiments. Embryos were grouped by genotype for processing in experiments.

For the measurement of bone lengths in Figure 1, the person doing the measurements was blinded to the genotype of all animals until all
measurements were completed. For all other experiments, it was necessary to know the genotype of individual embryos before processing
through experimental protocols. So in this case, the embryos were genotyped and then dissected (and pooled if necessary) for experiments.

anti-HOXD13 Abcam Ab19866 Lot#GR3290844-1, anti-CTCF Active Motif 61311 Lot#17118005

anti-HOXD13 antibody was validated in mouse E12.5 distal forelimb cells from embryos homozygous for a frame shift mutation
(reported in this manuscript) in the Hoxd13 gene that ablates DNA binding. These cells were used for HOXD13 CUT&RUN and
validated for no enrichment by qPCR.

The CTCF antibody has been extensively tested and validated in mouse tissues with ChIP-qPCR, ChIP-seq, immunohistochemistry, and
Western blot. See manufacturers website (https://www.activemotif.com/catalog/details/61311/ctcf-antibody-pab).

Mus musculus, all animals are kept in a continous back cross with BL6 X CBA F1 hybrids. Sex of the animals was not considered in this
analysis. All embryos used for WISH were at E12.5 unless otherwise explicitly indicated in the figures (Fig 1d). CHi-C-seq, CUT&RUN-
seq, ATAC-seq, and scRNA-seq were performed on E12.5 embryos. Mice were housed in the University of Geneva Sciences III
animalarie with light 07:00-19:00 in the summer, and 06:00-18:00 in winter with ambient temperatures maintained between
22-23ºC and 45-55% humidity, the air is renewed 17-times per hour.

No wild animals were used in this study.

No field-collected samples were used in this study.

All experiments were performed in agreement with the Swiss Law on Animal Protection (LPA) under license numbers GE 81/14 and
VD2306.2 (to D. Duboule).

The data generated in this study are available as raw and processed datasets in the Gene Expression Omnibus (GEO)
repository under accession number GSE165495 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE165495].

All scripts necessary to reproduce figures from raw data (including custom scripts) are available at GitHub [https://
doi.org/10.5281/zenodo.5118344].
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Files in database submission

Genome browser session
(e.g. UCSC)

Methodology

Replicates

Sequencing depth

Antibodies

Peak calling parameters

./CUTandRUN/E12.5_inv2_DFL_CR_CTCF.narrowPeak

./CUTandRUN/E12.5_wt_DFL_CR_CTCF_R1.fastq.gz

./CUTandRUN/E12.5_inv2_PPFL_CR_HOXD13_rep1.narrowPeak

./CUTandRUN/E12.5_inv2_PPFL_CR_HOXD13_rep2_R1.fastq.gz

./CUTandRUN/E12.5_inv2_PPFL_CR_HOXD13_rep1_R2.fastq.gz

./CUTandRUN/E12.5_wt_PFL_CR_CTCF.bw

./CUTandRUN/E12.5_wt_PFL_CR_CTCF_R1.fastq.gz

./CUTandRUN/E12.5_wt_FB_CR_CTCF.bw

./CUTandRUN/E12.5_inv2_PFL_CR_CTCF_R1.fastq.gz

./CUTandRUN/E12.5_wt_DFL_CR_HOXD13_rep2_R1.fastq.gz

./CUTandRUN/E12.5_wt_DFL_CR_HOXD13_rep1_R2.fastq.gz

./CUTandRUN/E12.5_inv2_DFL_CR_CTCF.bw

./CUTandRUN/E12.5_inv2_DFL_CR_CTCF_R1.fastq.gz

./CUTandRUN/E12.5_wt_DFL_CR_CTCF.narrowPeak

./CUTandRUN/E12.5_wt_FB_CR_CTCF.narrowPeak

./CUTandRUN/E12.5_wt_FB_CR_CTCF_R1.fastq.gz

./CUTandRUN/E12.5_wt_DFL_CR_HOXD13_rep1.narrowPeak

./CUTandRUN/E12.5_wt_FB_CR_CTCF_R2.fastq.gz

./CUTandRUN/E12.5_inv2_PFL_CR_CTCF.narrowPeak

./CUTandRUN/E12.5_inv2_DFL_CR_CTCF_R2.fastq.gz

./CUTandRUN/E12.5_wt_DFL_CR_HOXD13_rep1_R1.fastq.gz

./CUTandRUN/E12.5_wt_DFL_CR_HOXD13_rep2_R2.fastq.gz

./CUTandRUN/E12.5_inv2_PFL_CR_CTCF.bw

./CUTandRUN/E12.5_inv2_PPFL_CR_HOXD13_rep2.narrowPeak

./CUTandRUN/E12.5_inv2_PFL_CR_CTCF_R2.fastq.gz

./CUTandRUN/E12.5_wt_PFL_CR_CTCF_R2.fastq.gz

./CUTandRUN/E12.5_inv2_PPFL_CR_HOXD13_rep1_R1.fastq.gz

./CUTandRUN/E12.5_inv2_PPFL_CR_HOXD13_rep2_R2.fastq.gz

./CUTandRUN/E12.5_wt_DFL_CR_CTCF.bw

./CUTandRUN/E12.5_inv2_PPFL_CR_HOXD13_rep1.bw

./CUTandRUN/E12.5_wt_DFL_CR_HOXD13_rep2.narrowPeak

./CUTandRUN/E12.5_wt_DFL_CR_HOXD13_rep2.bw

./CUTandRUN/E12.5_wt_DFL_CR_CTCF_R2.fastq.gz

./CUTandRUN/E12.5_wt_PFL_CR_CTCF.narrowPeak

./CUTandRUN/E12.5_wt_DFL_CR_HOXD13_rep1.bw

./CUTandRUN/E12.5_inv2_PPFL_CR_HOXD13_rep2.bw

No longer applicable

CTCF CUT&RUN was not performed in replicate. HOXD13 CUT&RUN was performed in biological replicates. In wild type distal
forelimb replicate 1, 4 pairs of distal forelimbs were used. In replicate 2, 4 pairs of distal forelimbs were used. For the inv2 PPFL
samples, the posterior proximal forelimb was dissected. For replicate 1, the PPFL was collected from both forelimbs from three inv2
mutants. For replicate 2, the PPFL was collected from both forelimbs of 4 inv2 embryos.

CTCF wt PFL: sequenced to 28 mio paired-end reads at 35 bp per end

CTCF wt DFL: sequenced to 25 mio paired-end reads at 35 bp per end

CTCF wt FB: sequenced to 16 mio paired-end reads at 35 bp per end

CTCF inv2 PFL: sequenced to 30 mio paired-end reads at 35 bp per end

CTCF inv2 DFL: sequenced to 33 mio paired-end reads at 35 bp per end

HOXD13 wt DFL rep1: sequenced to 25 mio paired-end reads at 35 bp per end

HOXD13 wt DFL rep2: sequenced to 25 mio paired-end reads at 35 bp per end

HOXD13 inv2 PPFL rep1: sequenced to 26 mio paired-end reads at 35 bp per end

HOXD13 inv2 PPFL rep2: sequenced to 25 mio paired-end reads at 35 bp per end

anti-HOXD13 Abcam Ab19866 Lot#GR3290844-1, anti-CTCF Active Motif 61311 Lot#17118005

# bowtie2 version 2.3.4.1

bowtie2 -p ${GALAXY_SLOTS:-4} -x 'mm10_UCSC' -1 'input_f.fastq.gz' -2 'input_r.fastq.gz' -I 0 -X 1000 --fr --no-mixed --no-
discordant --dovetail --very-sensitive 2> 'mapping_stat' | samtools sort -@${GALAXY_SLOTS:-2} -O bam -o 'output.bam'

# samtools version 1.2

samtools view -o 'filtered.bam' -h -b -q 30 -f 0x2 input.bam 2>&1

# Picards version 1.56.0:

python devteam/picard/bf1c3f9f8282/picard/picard_wrapper.py -i "filtered.bam" -n "Dupes Marked " --tmpdir "/tmp" -o
"rmdup.bam" --remdups "true" --assumesorted "true" --readregex "[a-zA-Z0-9]+:[0-9]:([0-9]+):([0-9]+):([0-9]+).*" --optdupdist "100" -
j "$JAVA_JAR_PATH/MarkDuplicates.jar" -d "output" -t "output.txt" -e "bam"




