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Supplementary Figures 



Supplementary Figure 1 (related to Figure 2): Properties of insulator ChIP-seq occupancy in 
early embryos.  (A) Pearson correlation matrix comparing all unique, high-quality reads from all 
replicate and input insulator ChIP-seq experiments, showing that biological replicates cluster together, 
being most highly correlated to each other indicating the quality of the data.  (B) Principle Component 
Analysis (PCA) of all ChIP-seq replicates and inputs, showing clear separation between factors.          
(C) Top enriched transcription factor motifs (using MEME) within the ChIP peaks for each insulator.
The BEAF-32, CTCF, Su(Hw) and GAF motifs are the top most highly enriched motif (#1) in their
respectively ChIP peaks.  CP190 peaks co-bound with other insulator proteins have top enriched
motifs (#1, #4 and #5) for Su(Hw), CTCF and BEAF-32.  (D) CP190 peaks not co-bound with the
other insulators tested here top enriched motifs (using MEME), identifies motifs for other potential
recruiters.  (E) Heatmap of insulator proteins normalized ChIP signal (reads per genome coverage
(RPGC) input subtracted) at TAD boundaries (10kb resolution), centered at ChIP-seq peak summits.
Each of the 5 rows of plots are ranked by the signal intensity of the ChIP-seq for the insulator
indicated.  (F) UpSet plot of combinatorial insulator protein binding at TAD boundaries (summits
within the 10 kb boundary region). Binding data for the factors listed in grey (Ibf1 (46), Ibf2 (46), Pita
(47), ZIPIC (47) and Zw5 (47)) was obtained from studies performed either in cell culture or at later
embryonic stages.



Supplementary Figure 2 (related to Figure 4): TAD calls using different parameters and 
resolution.  (A) Hi-C matrices from 2-3h WT embryos, comparing the same genomic region across 
two different resolutions (10kb and 5kb) and 3 different q-values (0.1, 0.05 and 0.01; used for multiple 
testing correction when calling boundaries ((23) and see Methods).  The 10kb resolution consistently 
gave TAD calls that better represent the visual inspection of TADs, and avoids the division of large 
domains into smaller sub-domains.  (B) Quantification of the number of TADs called across the 
conditions used in (A).  (C) Hi-C counts along genomic distances for each Hi-C replicate at 50kb and 
10kb resolutions, indicating no major differences in the distributions of contacts along scales between 
genotypes.  (D) Left: Quantification of insulation score at all TAD boundaries in WT vs. insulator 
depleted embryos.  Right:  Quantifications of the ratio between intra- vs. inter-TAD Hi-C contacts 
across the genome in WT vs insulator depleted embryos (2-3h).  Values below 1.0 indicate higher 
intra-TAD contacts, while increases in this ratio indicate increase in interactions across boundaries 
(inter-TAD), as observed in the insulator depletions.  Kolmogorov–Smirnov (KS) test, **** p < 
0.0001.  (E) HiCSpector correlation between Hi-C replicates measured at 50kb resolution, indicating 
that replicates for all genotypes cluster together, and all insulator depletions cluster together separately 
from the WT replicates. 
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Supplementary Figure 3 (related to Figure 4):  The distance of an insulator bound region to a 
disrupted TAD boundary.  (A) Heatmap of insulator protein ChIP-seq normalized signal (reads per 
genome coverage (RPGC) input subtracted), centered at ChIP-seq peak summits.  Each set (row) 
displays ChIP-seq signal intensity of the indicated insulator proteins in WT embryos, at the top-
affected TAD boundaries in a given genotype.  (B) Distribution of insulation score loss at TAD 
boundaries in BEAF-32, CTCF and CP190 depleted embryos (left, middle and right panels) compared 
to WT embryos, at boundaries occupied by increasing number of insulator peaks (in WT embryos).  
Kolmogorov–Smirnov (KS), two-sided test. n.s. (p > 0.05), * (p < 0.05), ** (p < 0.01), *** (p < 
0.001).  (C) Distribution of insulation score at TAD boundaries in WT embryos (top) and BEAF-32, 
CTCF and CP190 depleted embryos (bottom), as a function of the ChIP signal intensity (in WT 
embryos).  (D) Cumulative curves of the distance between disrupted TAD boundaries in each 
depletion (colored lines) to the nearest insulator ChIP-seq peak (in WT embryos).  As a control, the 
same distances for a random 100 non-affected boundaries are shown (grey lines).  Distances are 
computed from the center position within the 10kb boundary bin.  Kolmogorov–Smirnov (KS), two-
sided test.  n.s. (p > 0.05), * (p < 0.05), ** (p < 0.01).   



Supplementary Figure 4 (related to Figure 5):  Changes in gene expression in NC14 embryos 
after insulator protein depletion.  (A) Principle Component Analysis (PCA) of all three RNA-seq 
replicates (normalised read counts) from WT and insulator depleted embryos, showing clear 
separation between the WT (black) and insulator depleted (coloured) samples.  (B) MA plot, using 
shrunken log2 fold change (FC) (y-axis) and mean expression (x-axis) of RNA-seq in WT versus 
insulator depleted embryos at NC14.  Genes with a | log2 FC | > 0.7 and FDR < 0.05 indicated in red. 
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Supplementary Methods 

Western Blots 

For each sample, we manually selected 100 NC14 Drosophila embryos and directly placed 

them in sample buffer.  Embryos were lysed manually with a plastic pestle (#12-141-363, 

Thermo Fisher Scientific) in a protein low-binding tube (#90410, Thermo Fisher Scientific) 

and sample buffer was added for a total of 100 μl.  The embryo extract was incubated at 95°C 

for 10 minutes.  This was followed by maximum speed centrifugation, after which the 

supernatant was transferred to a new protein low-binding tube and stored at -80°C.  All 

Western blots were performed with biological triplicate samples.  Protein samples were 

heated at 90°C for 10 minutes, and 25 μl loaded on a 4-20% gradient acrylamide gel (Mini-

PROTEAN® TGX Stain-Free) (#4568095, Bio-Rad) and ran with 1x laemmli running buffer 

in a vertical electrophoresis system (#1658004, Bio-Rad).  Proteins were transferred to a 

Nitrocellulose membrane (#GE10600002, Amersham) at 80V for 1h15 at 4°C, using the Mini 

Trans-Blot® Cell system (#1703930, Bio-Rad), following manufacturer’s recommendations. 

Protein transfer was assessed by Ponceau staining, followed by washes with dH2O and with 

PBS + 0.1% Tween. The membrane was blocked with 5% milk for 1h and incubated with 

primary antibodies diluted as follows in PBS with 0.1%Tween, 5% milk: anti-CTCF (1:5000, 

gift from R. Reinkawitz), anti-CP190 (1:5000, gift from P. Georgiev) , anti-BEAF-32 (1:150, 

DSHB) or anti-alpha-Tubulin (1:10000, Abcam #ab7291).  After removing the solution with 

the primary antibody (which was stored at 4°C for subsequent use) the membrane was washed 

3x with PBS + 0.1% Tween and incubated with an appropriate secondary antibody diluted 

1:10000 in PBS + 0.1% Tween, 5% milk for 2 hours at room temperature.  Membranes were 

developed using SuperSignal West Pico Chemiluminescent Substrate (#34079, Thermo Fisher 

Scientific) in a ChemiDoc MP Imaging System (#17001402, Bio-Rad).  Western blots were 

quantified using ImageJ, via its distribution FIJI (82).  In each experiment, the mean value of 

three alpha-Tubulin bands was calculated and used to normalise loading differences.  The 

signal of each insulator protein band was divided by the normalizer, and values were 

corrected for background intensity.  A t-test was performed to determine statistical 

significance. 

Double fluorescent in-situ hybridization of gene expression 

Whole-mount Drosophila RNA in-situ hybridisation experiments were carried out as 

described previously (83).  RNA in situ anti-sense probes were prepared from corresponding 



EST clones obtained from DGRC for btsz (LP02621), wg (RE02607), wnt4 (RE26454), sog 

(LP09189) and CG12708/CG15646 (LD21346) using Digoxigenin-, Biotin- or Fluorescein-

modified nucleotides.  mRNA expression was visualized from these probes using anti-

Digoxigenin-Peroxidase (Roche #11633716001), anti-Biotin-Peroxidase (Sigma-Aldrich 

#A4541) and anti-Fluorescein-Peroxidase (Roche #11426346910) (all antibodies diluted 

1:2000) coupled with the TSA Plus Fluorescence kit (PerkinElmer #NEL760001KT). Stained 

embryos were mounted in ProLong™ Gold mounting medium with DAPI (ThermoFisher 

Scientific #P36931) and imaged on a Leica SP8 confocal laser-scanning microscope with an 

HC Pl APO CS2 20x/0.75 IMM. 

RNA-seq 

RNA-seq experiments were performed in biological triplicates per genotype.  For each 

replicate, 100 embryos at NC14 were manually selected, following a 2-3h collection. 

Embryos were dechorionated, air-dried, snap-frozen in liquid nitrogen and stored at -80C until 

use.  Embryos were homogenized in TRIzol LS (#10296028, ThermoFisher Scientific) with a 

Cordless Motor for Pellet Mix and pestles (#47747-370, VWR) on ice.  RNA was extracted 

according to the manufacturer’s instructions, and the remaining DNA was digested with 

RNase-free DNase I (#4716728001, Roche) for 30 min.  Strand-specific RNA-seq was 

performed from 1 μg of total RNA using the NEBNext Ultra Directional RNA Library Prep 

Kit for Illumina (#E7420, NEB) according to the manufacturers’ instructions.  For each 

genotype, RNA-seq was performed in three biological replicates, representing three 

independent embryo collections.  Final libraries were ran on a Bioanalyzer (Agilent), 

multiplexed and sequenced on an Illumina NextSeq 500 (75-bp paired end) platform at the 

EMBL Genomics Core Facility  

For RNA-seq read processing the sequencing adapter sequences were removed from the 

3’ end of reads using Cutadapt (version 1.18  (84)), removing the adapter sequence 

AGATCGGAAGAGC.  Reads were aligned to the Dm6 genome using STAR (version 2.6.1b 

(85)). The STAR genome index was generated using a Dm6.13 GTF file. Gene counts 

were generated using RSEM (version 1.3.1 (86)) and any non-integer counts were rounded to 

the nearest whole number.  Differential analysis was performed using DESeq2 (version 1.22.1 

(87)) with the use of independent filtering and an alpha of 0.05.  Differential genes were 

defined as those with an adjusted p-value of < 0.05 and absolute log2 fold-change >= 0.7.  

When plotting log2 fold-change values, the normal shrunken log2 fold-change values 



as generated by DESeq2 were used.  Maternally deposited genes were defined as genes 

expressed in unfertilized eggs, using the vgn line of Drosophila melanogaster at 2–4 or 6–8 h 

after egg laying (10).  For all analyses, maternal genes were removed, and only zygotic genes 

were kept.  

ChIP-seq data processing and peak calling 

Primary processing of the ChIP-Seq data was performed in the Galaxy platform using a 

workflow composed of the main following steps: 

1. Read cleaning using Trim Galore! (Galaxy Version 0.4.3.1) with automatic adaptor

detection, Trim low-quality ends from threshold: 20, Overlap with adapter sequence

required to trim a sequence: 2, Maximum allowed error rate: 0.1, reads becoming

shorter than 20 were discarded.

2. Read Mapping to the dm6 genome using Bowtie2 (Galaxy Version 2.3.4.2) with

paired-end options and --sensitive -l 0 -X 2000 --fr --dovetail (all other options left to

default)

3. Read filtering using Filter SAM or BAM, output SAM or BAM files on FLAG MAPQ

RG LN or by region (Galaxy Version 1.1.2) to only keep read mapped in a proper pair

with MAPQ > 19 (which eliminates multi-mapping reads).  We also only kept read

pairs that mapped to major chromosomes (chr2L, chr2R, chr3L, chr3R, chr4 and

chrX)

4. Read deduplication using Picard MarkDuplicates (Galaxy Version 2.7.1.1)

5. “10bp 1X-normalized” BigWig Signal Files were created for each IP and input

samples using DeepTools bamCoverage (Galaxy Version 3.0.2.0) at a 10bp resolution

with the normalized to 1x coverage option.

6. Input subtracted BigWig Signal Files were created for each IP sample by subtracting

the input signal from the IP signal using DeepTools bamCoverage (Galaxy Version

3.0.2.0) at a 10bp resolution

7. ChIP-seq quality was assessed using different tools:

a. FastQC (Galaxy Version 0.69) at different steps of the workflow to check
sequencing quality and monitor filtering step efficiency

b. Picard Collect Alignment Summary Metrics (Galaxy Version 2.7.1.1) to
evaluate library quality across samples (read duplication and unmapped reads
rates)



c. Picard CollectInsertSizeMetrics (Galaxy Version 2.7.1.0) to compare fragment
length

d. Deeptools plotFingerprint (Galaxy Version 3.0.2.0) to check ChIP signal
strength

8. PCA and correlation matrices using all IP and input sample replicates were generated

with Deeptools multiBigwigSummary (Galaxy Version 3.0.2.0) using 10bp 1X

normalized BigWig files followed by plotCorrelation (Galaxy Version 3.0.2.0) and

plotPCA (Galaxy Version 3.0.2.0) and used to assess replicates’ reproducibility

Peak Calling incorporated IDR analysis, which was performed on pairs of replicates with 

default parameters using IDR (Galaxy Version 2.0.3) on 100 bp ChIP regions centered on the 

summits obtained using MACS2 callpeak (Galaxy Version 2.1.1.20160309.5) performed on 

the filtered IP BAM files (uniquely mapped reads) with the following options: --call-summits, 

a relaxed p-value cutoff of 0.5 (as required by IDR analysis), matched input BAM as control 

and default paired-end options.  Only regions with IDR below 1% were further considered.  

When more than two replicates were available (4 replicates in the CP190 case), we ran all 

pairwise comparisons (6 IDR runs in CP190 case).  The peaks from all 6 IDR runs with an 

IDR less or equal to 0.01 were merged by overlap with bedtools merge v2.27.1.  To avoid a 

potential bias of the IDR region width distribution (CP190 regions are potentially larger due 

to the merging between regions coming from 6 pairwise comparisons), we post-processed all 

the IDR peaks with the galaxy workflow:  

1. Call peaks using all replicates (2 or 4 in CP190 case) using MACS2 callpeak (Galaxy

Version 2.1.1.20160309.5) on the filtered IP BAM files (uniquely mapped reads) with 

the following options: --call-summits, p-value cutoff of 0.5 (similar as for the IDR 

analysis), matched input BAM as control and default paired-end options. 

2. All MACS peak summits not falling in IDR 1% regions were discarded (Intersect

intervals Galaxy Version 2.27.0.2) 

3. Each remaining 1bp summit position is then slopped by 100 bp (resulting in 200 bp

regions centered on the summit) with SlopBed Galaxy Version 2.27.0.0 

4. MergeBED Galaxy Version 2.27.0.0 is finally applied to remove potentially

overlapping regions, followed by SortBED Galaxy Version 2.27.0.0 to sort final 

regions 

Whenever applicable, we used the matched input as a control.  In a number of cases, the input 

had much more reads than its IP counterpart and we adjusted the input read number by 



random subsampling (Samtools view reformat, filter, or subsample, Galaxy Version 1.9 ).  

The regions resulting from this workflow are the final “IDR 1% ChIP peaks” used in this 

paper.  

Bigwig signal files for each condition (e.g. CTCF at stage NC14), were generated by 

making merged input-subtracted signal files as follows: IP and matched input replicate signal 

files (10bp 1X-normalized bigwig, see above) were summed up (IP and input separately) and 

the summed input signal was subtracted from the summed IP signal using DeepTools 

bamCoverage (Galaxy Version 3.0.2.0).  These files are used across the figures i.e. heatmaps 

(DeepTools computeMatrix followed by DeepTools plotHeatmap) and for visualisation of 

genomic regions (pyGenomeTracks 3.5.1). 

To assess combinatorial binding, all final “IDR 1% ChIP peaks” were merged by overlap 

with bedtools merge v2.27.1 into a unique set of non-overlapping “Insulator Binding 

Regions”.  For each of these Insulator Binding Regions, we computed (1) the list of binding 

insulators by intersecting with the original IDR 1% ChIP peaks (bedtools intersect v2.27.1) 

and (2) the average binding signal of each insulator with Deeptools multiBigwigSummary 

3.1.3 using the merged signal BigWig files (see above).  UpSet plots were generated using the 

R UpSetR package.  Motif discovery was performed using MEME-chip 5.3.0 on the 200 bp 

“IDR 1% ChIP peaks” defined above, using default options.  

Hi-C 

For nuclei isolation, 1.8% formaldehyde fixed embryos stored at -80°C were thawed in 10 

ml ice cold HB buffer (15 mM Tris-HCl pH 7.4, 15 mM NaCl, 60 mM KCl, 340 mM sucrose, 

0.2 mM EDTA pH 8, 0.2 mM EGTA pH 8, 1x Roche cOmplete Protease inhibitors) in a 15 

ml tissue homogeniser (Wheaton).  The embryos were dounced 20x with the loose glass-on-

glass Wheaton pestle and 20x with the tight pestle.  The homogenised material was filtered 

through 2 layers of miracloth (Calbiochem, #475855-1R) and spun at 3200g for 10 min at 

4°C.  The pellet was resuspended in 10 ml HB buffer and centrifuged at 3200g for 10 min at 

4°C.  The nuclei were then resuspended in 3 ml of PBS + 0.1% Triton + 1x Roche cOmplete 

Protease inhibitors.  In order to obtain single nuclei for counting, the suspension was passed 

ten times through a 20G and ten times through a 22G needle and filtered through 20 μm Nitex 

membrane (Sefar Nitex Switzerland, #03-20/14).  Following nuclei counting using the BD 

LSRFortessaTM X-20 Flow Cytometer at the EMBL Flow Cytometry Facility, aliquots of 15 

million nuclei were stored at -80°C until use.  We used a “Bridge-Adaptor in situ Hi-C 



protocol”, corresponding to an in situ Hi-C protocol (14) utilizing biotinylated bridge oligo 

adaptors to allow for multiplexing between samples, as described in (88).  Hi-C experiments 

were performed in biological duplicates per genotype.  

Prior to the Hi-C experiment, biotinylated bridge oligos were prepared as follows: 

10 μl 10X NEBuffer 2 was mixed with 90 μl of a 100 μM mixture of the two oligos (Bridge 

oligo forward: GATCGAGCTCGAGAA/iBiodT/T, Bridge oligo reverse: CTCGAGCTC). 

The mixture was heated to 98°C for 6 min, then ramped down to RT at -0.1°C / sec and stored 

at -20°C until use. 

15 million nuclei were thawed on ice and 1 ml of lysis buffer (10 mM Tris-Cl pH 8.0, 10 

mM NaCl, 0.2% IGEPAL CA-630, 1x cOmplete protease inhibitor (Roche, Cat. No. 11 873 

580 001)) was added.  Samples were incubated on ice for 30 min and then spun at 1000xg at 

4°C for 5 min.  The supernatant was removed, pellets were resuspended in 200 μl of 0.5% 

SDS and incubated at 65°C for 10 min.  The SDS was then quenched by adding 100 μl of 

10% Triton X-100 and incubating at 37°C for 15 min.  

50 μl of 10x NEBuffer 3.1, 130 μl nuclease-free H2O and 8 μl of DpnII (NEB) were added 

and samples were incubated at 37°C overnight.  Tubes were centrifuged for 5 min at 1000xg 

at RT and pellets were resuspended in 30 μl nuclease-free H2O.  5 μl Biotinylated bridge 

oligos (90 μM) were ligated to the DNA fragments overnight at 16°C using 1 μl of T4 DNA 

ligase HC (Thermo Fisher), 5 μl ligation buffer, 4 μl 10x BSA, and 5 μl PEG 4000.  After 

adding 2.5 μl of 0.5 M EDTA, the samples were centrifuged at 1000xg at RT for 5 min and 

resuspended in 300 μl 1x BSA and 0.2% SDS in water.  The pellets were centrifuged again at 

1000xg at RT for 5 min and the pellets were resuspended in 300 μl 1x BSA and 0.1% SDS in 

water.  This step was repeated for a second time.  After another centrifugation, the samples 

were resuspended in 245 μl of 1.22x BSA and 0.2% Triton X-100 in water.  

The bridge oligos were phosphorylated by adding 30 μl 10x T4 ligase buffer (Thermo 

Fisher) and 20 μl PNK (10 U/ μl, NEB).  Tubes were incubated at 37°C for 1h.  Bridge oligos 

were ligated to each other using 5 μl T4 DNA ligase HC (Thermo Fisher), 70 μl 10x T4 ligase 

buffer, 7 μl 100x BSA and 618 μl nuclease-free H2O.  Samples were incubated for 4 h at RT.  

The samples were then spun down at 1000xg at 4°C for 5 min and the pellet was resuspended 

in 500 μL of extraction buffer (50 mM Tris-Cl pH 8.0, 50 mM NaCl, 1 mM EDTA, 1% SDS). 

To digest proteins, 20 μL of 20 mg/ml Proteinase K (Invitrogen) was added and the 

mixture was incubated at 55°C at 1000 rpm on a thermal shaker for 30 min.  For 

decrosslinking 130 μL of 5 M sodium chloride were added and the mixture was incubated at 



68°C at 1000 on a thermal shaker overnight.  To precipitate DNA, 63 μL of 3 M sodium 

acetate pH 5.2, 2 μL of 15 mg/ml GlycoBlue (Thermo Fisher) and 1000 μL of absolute 

ethanol were mixed with the sample, followed by incubation at −80°C for 1 hour.  The 

samples were then spun at 20,000xg at 4°C for one hour.  The supernatant was removed and 

the DNA pellet washed two times using 800 μL of 70% ethanol.  All traces of remaining 

supernatant were removed; the pellet was air-dried for 2 min and then solubilized in 99 μl of 

10 mM Tris-Cl pH 8.0.  RNA was digested by adding 1 μL of 10 mg/ml RNase A and 

incubated at 37°C for 15 min.  The DNA was sheared in a total volume of 100μl to ∼200-400 

bp with Diagenode Bioruptor Pico (4°C, ON/OFF 30’’/90’’, 8 cycles).  DNA fragments were 

size-selected with SPRIselect Beads (Beckman Coulter) following the manufacturer’s 

instructions.  For right side size selection 0.6x volume of beads were used, for left side size 

selection 1x was used. DNA was eluted in 100μL of 10mM Tris-Cl pH 8.0. 

For biotin enrichment, 30 μl of Dynabeads Streptavidin M-280 (Life Technologies) per 

sample were prepared following the manufacturer’s instructions and added to the purified 

DNA.  The biotinylated bridge oligos were allowed to bind to the beads for 20 min at RT.  

The beads were washed 4 times with 200 μL each of 1x B&W buffer (5 mM Tris-HCl pH 7.5, 

0.5 mM EDTA, 1 M NaCl) + 0.1% Tween-20.  This was followed by 2 washes with 10 mM 

Tris-Cl pH 8.0. The beads were then resuspended in 40 μL of the same solution. 

Library preparation was done using Swift Biosciences Accel-NGS 2S Plus DNA Library 

Kit, with the following deviation from the manufacturer’s manual: throughout library 

preparation no SPRIselect clean-up was performed.  Instead, the samples were washed using 

the already bound Streptavidin beads.  Each of the SPRI Steps of the Swift Biosciences 

Accel-NGS 2S Plus DNA Library Kit manual was replaced by the washes described 

hereafter: Samples were placed against a magnet, and incubated until the solution is clear.  

The supernatant was discarded and samples were removed from the magnet.  Beads were 

resuspended in 150 μL of 1x B&W buffer + 0.1% Tween-20, and incubated at 55°C in a 

thermal cycler for 2 min.  This wash step was repeated one more time.  An additional wash 

step with 100μL of 10 mM Tris-Cl pH 8.0 was performed. H ere, the samples were 

immediately put against the magnet after resuspension, without any incubation.  The 

supernatant was discarded and samples were removed from magnet.  Beads were resuspended 

in the mixes as described in the Swift Biosciences Accel-NGS 2S Plus DNA Library Kit 

manual for Repair II, Ligation I and Ligation II. 



After Ligation II and the above described washes, beads were resuspended in 20μL of 10 

mM Tris-Cl pH 8.0.  25 μl HiFi HotStart ReadyMix and 5 μl 10x Primer Mix (both Kapa 

Biosystems) were added and the PCR program as described in the Kapa HiFi HotStart 

ReadyMix manual was run on the samples.  We used 60°C annealing temperature, 30 sec 

extension time and 12 cycles for the amplification.  After the PCR, two 0.9x SPRI select 

clean-ups were made and library concentration was measured using the Qubit dsDNA HS 

Assay kit (Thermo Fisher).  Fragment size of the libraries was determined with High 

Sensitivity DNA Kit for Bioanalyzer (Agilent Technologies).  Libraries were sequenced using 

standard Illumina reagents with a read length of 150 bp, paired-end. 

Hi-C data processing and TAD calls 

Hi-C data was processed using the HiCExplorer suite version 3.6 unless otherwise stated. 

Two biological replicates were sequenced for each condition (WT, CTCF Depletion, BEAF-

32 Depletion and CP190 Depletion) in two different lanes thus generating two different 

technical replicates for each biological replicate.  A first galaxy workflow was assembled to 

compute the raw contact matrices for each biological replicate separately (i.e. merging all 

technical replicates together after mapping):  

1. Mapping forward and reverse reads separately to the dm6 genome using Map with
BWA-MEM (Galaxy Version 0.7.17.1) with default parameters but -E 50 -L 0 -5

2. Merging the technical replicate BAM files together with MergeSamFiles (Galaxy
Version 2.18.2.1)

3. Sort reads by name using Samtools sort (Galaxy Version 2.0.2)

4. Compute raw contact matrix at 1K resolution using hicBuildMatrix (Galaxy Version
3.6+galaxy0) with options: GATC as the restriction site and dangling sequence, –
minMappingQuality 10 and the list of restriction fragments as produced by
hicFindRestSite (Galaxy Version 3.6+galaxy0) ran on the dm6 FASTA genome with -
-searchPattern GATC.

5. The trans-contacts were filtered out using hicAdjustMatrix version 3.7 with options -a
keep --interIntraHandling inter --chromosomes chr2L chr2R chr3L chr3R chr4 chrX

The table below lists the total number of cis-contacts for each replicate and indicates a good 

read number balancing and no sequencing depth bias. Given those, we judged that no 

subsampling was required before further processing. 



Replicate Usable Reads (% of 

the mapped reads) 

Cis-interaction 

count 

Merged 

BEAF_RNAi_2-3h_rep1 65% 103,692,660 197,351,729 

BEAF_RNAi_2-3h_rep2 66% 93,659,069 

CP190_RNAi_2-3h_rep1 74% 113,377,887 195,967,147 

CP190_RNAi_2-3h_rep2 60% 82,589,260 

CTCF_KO_2-3h_rep1 50% 78,879,585 169,184,598 

CTCF_KO_2-3h_rep2 56% 90,305,013 

WT_2-3h_rep1 83% 127,601,768 228,878,289 

WT_2-3h_rep2 83% 101,276,521 

Further processing included the generation of raw contact matrices of coarser resolutions (5K, 

10K…) using hicMergeMatrixBins and merging biological replicates raw matrices using 

hicSumMatrices.  The different raw contact matrices (at different resolutions, replicate-

merged or not) were normalized using hicCorrectMatrix (ICE/Imakaev’s iterative correction). 

Note that we always executed hicCorrectMatrix in diagnostic mode first to extract optimal 

min/max values to pass to the –filterThreshold option.  We used hicCompareMatrices 3.7.2 to 

generate log2ratio interaction matrices from the ICE matrices with options --noNorm --

operation log2ratio. Genomic regions views were generated with pyGenomeTracks 3.5.1. 

Hi-C quality control was assessed using replicate reproducibility using the 

3DChromatin_ReplicateQC tool; in particular we show the results from the HiCSpector 

module gained on normalized 50 Kb binned matrices (Supplementary Fig. 3).  Quality of the 

different samples was evaluated by checking the percentage of mapped reads (around 90% for 

all replicates), the percentages of self-ligation, same-fragment, self-circle and duplicates as 

reported by the hicBuildMatrix steps.  The final fraction of usable reads (relative to the 

properly mapped reads) is indicated in the table above.  The different proportions of usable 

reads are due to the different proportions of duplicates.  Finally, we observed different 

proportions of inter-chromosomal contacts for BEAF-32 depletion, CP190 depletion and 

CTCF depletion (25-30%) and the WT 2-3h (35-40%); which we decided to normalize out by 

excluding trans contacts from the beginning of the normalization process.   



TAD calls and Insulation Score: TADs were called on normalized merged matrices using 

hicFindTADs with three different q-value cut-offs (0.01, 0.05 and 0.1) on 5K and 10K binned 

matrices.  Following the authors recommendations, we set --minDepth 15000 –maxDepth 

50000 and --step 5000 for the 5K binned matrices and --minDepth 30000 –maxDepth 100000 

and --step 10000 for the 10K binned matrices.  The final TAD calling parameters were set to 

10K with a q-value threshold of 0.1 after extensive manually comparison of the different 

TAD call sets.  Of note, the insulation score used in the different analysis is that directly 

provided by hicFindTADs.  The insulation score loss was defined as the difference between 

the mutant and the wild type; a positive insulation score loss therefore reflects a lower 

insulation score in the mutant.  

The following regions close to chromosome ends showed aberrant HiC profiles and were 

therefore excluded from analysis involving HiC data.  The boundaries were defined upon 

manual inspection of the WT HiC maps: chr2L:21000000-23513712; chr2R:0-6000000; 

chr3L:23000000-28110227; chr3R:0-4000000; chrX:21400000-23542271; chr4:0-1348131 
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