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Expanded View Figures

Figure EV1. B. mori PD-D2 embryos used for Hi-C analyses.

B. mori 24 h post-diapause release (PD-D2) embryos. Embryos are fixed with 3% formaldehyde for imaging. Top panel, right and middle: light images of embryos in PBS in
a Petri dish. Top panel, right and middle panels left, middle, and right: DAPI staining of full embryos. Bottom panels: DAPI (blue) and tubulin (green) staining of embryonic
cells in mitosis.
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Figure EV2. Trans-chr | contact freq ies of B. mori chromosomes as a function of genetic features.

The average number of inter-chromosomal contacts is shown for all chromosomes as a function of their length (A), gene density (B), and GC content (C) (see Methods).
For each plot, a linear regression curve accompanied by its determination coefficient R? is shown. In (C), Chr24c has overall high GC content, which is partly driven by a
very GC-rich region between 12 and 14 Mb, as shown in (D). This region is, however, repeat-rich and has thus been filtered out from Hi-C analyses due to low mapping
ability. The contact frequency of this chromosome is consequently underestimated. We therefore show a second regression and R? in gray, removing Chr24c from the
analysis. On each plot, Chr02 and 28, which have high contact frequencies, are indicated in purple. (D) Gene locations and average GC content per 40 kb window (black
line) along Chr24c. The red line indicates the genome-wide mean (38%).
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Figure EV3. Epigenetic and genomic features of compartments A, B, and S.

(A) ChIP-Seq enrichment profiles for histone marks in each compartment as plotted using deepTools (see Materials and methods). All compartment regions are rescaled
between “start” and “end”, and 40 kb before and after are shown. S domains have been further clustered according to their H4K20me1 profile, which highlights two sub-
populations, either enriched in this mark (dark purple) or not (light purple). (B) Scatterplots showing the relative ChIP-Seq enrichment profiles of H3K36me3 and
H4K20me1 per A, B and S domain separately, or combined in the same plot. (C) Chr04 20 kb resolution Hi-C map with corresponding symmetrical observed over expected
map, along with tracks for genes, expression, compartments, and enrichment profiles of histone marks at 40 kb bin resolution. Dashed lines indicate limits between the
center and arms regions. (D) Distribution of S domains (purple boxes) along B. mori chromosomes. (E) Box plots showing coverage of compartment types A, B, and S in
arms (filled boxes) or centers (transparent boxes) for each of the 28 B. mori chromosomes. Each value corresponds to the relative coverage (% in bp) of the respective
compartment compared to the size of arms or center regions for one chromosome. Statistical significance was tested using a Mann-Whitney test; **P value <0.05, ***P
value <0.005. P values for compartment A: 1.2 x 10~ compartment B: 1.42 x 10~3; compartment S: 0.15. The boxed region corresponds to data between the first and third
quartiles. Lines indicate medians of respective distributions, while crosses correspond to their means. Whiskers extend to the lowest and highest data points, excluding
outliers, shown by dots. (F) Box plots showing distribution of genetic features, including GC percentage and TE coverage per 40 kb window of whole genome (n =11,143)
or within A (n=3294), B (n=5772), and S (n =1670). Boxed regions correspond to data between the first and third quartiles. The line indicates the median of the
distribution, while the cross corresponds to the mean. Whiskers extend to the lowest and highest data points, excluding outliers, which have been removed. All
distributions in each compartment for all features are significantly different from each other and from the genome-wide distribution by the Mann-Whitney (95%, two-
tailed) U-test.

36 The EMBO Journal © The Author(s)



Jose Gil Jr et al The EMBO Journal

(i%jg ts

-1.0
-2.0

-3.0

: » N L,
€ OO WA Wy o L @) [0 K KM Genes
50 pb  |Dfd | AntP Ubx AbdA AbdB

ol

zen  Scr Expression
‘ - — Y W TV — Ai PR ‘ 4 - ‘ “ A 1 (norm' counts)

.l
i EE I B compn
-- I I- - Comp. B
P Comp. S

Hox cluster

Figure EV4. The Hox cluster overlaps a large S domain in B. mori embryos.

Hi-C map of a region of Chr06 corresponding to the Hox cluster. Annotated genes, expression, and compartments tracks generated from PD-D2 are shown below the map.
Gene names: pb proboscipedia, zen zerknullt, Dfd deformed, Scr sex combs reduced, Antp antennapedia, Ubx ultrabithorax, Abd-A abdominal A, Abd-B abdominal B.
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Figure EV5. Extended data on mechanistic polymer modeling of S ¢ tments.

(A) Full set of Hi-C maps corresponding to the data points in Fig. 3C scatter plot, which is reproduced in the bottom panel. Monomer affinities, ea-a and eg-g, are varied
(strengths indicated in red and green, respectively), with es.s = 0.0 kT. (B) Hi-C maps and scatter plot of S features i and ii for phase-separation-only models, with various
€a-a and eg.g and S-to-S attraction affinity, es.s = 0.025 kT. (C) Hi-C maps generated from uniform loading models with different affinities (ea.a and eg_g), loop extruder
processivity (\), and loop extruder separation (d). (D) Hi-C maps demonstrating the effect of increasing S-S affinity, es.s, on phase-separation-only (top) and phase
separation with targeted loading (bottom) models. All simulations had ex.a = 0.050 kT and eg_g = 0.050 kT. Extrusion with targeted loading to S was simulated with
A =100 kb, ds =50 kb, and dagg = 1000 kb. (E) Simulation maps showing the effect of varying the strength of A-to-A versus B-to-B affinities on S smoothness, while not
affecting features i and ii.
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Figure EV6. B. mori chromosome models.

(A) Sintra as a function of the relative abundance of extruders in S (dasg/ds) and the strength of A-A and B-B affinities. Different colored sets of points correspond to
different A-to-A and B-to-B self-affinities (ea.a and eg_g). For both sets of data, A varied across 19, 56, 140, 280 kb; and ds varied across 19, 56, 140, 280, 560 kb; for each A,
dass Were selected such that A/dags = 0.1, 0.25, or 0.5. (B) Loop coverage of each S domain as a function of the minimum of A and S domain length, divided by extruder
separations. (C) S domain compaction quantified by the radius of gyration, R, of the domain, as a function of S domain size and extruder processivity. Ry is plotted in units
of monomer diameter. (D) %4/, o req CONtact enrichments of S-Sicer plotted as a function of separation between loop extruders in S (ds). All models lacked extrusion in
A and B chromatin. Left: Models with homotypic attractions of ea.an = 0.12, €g.g = 0.04, and es.s = 0.00 kT for A, B, and S, respectively. Right: Models with homotypic
attractions of ea.a = 0.18, €g.3 = 0.08, and es.s = 0.00 kT for A, B, and S, respectively. (E) Off-diagonal contacts of different monomer types with S. S-A, S-B, S-Siter
contacts versus ratio of °>*¢/_, . .4 A-A to B-B contacts for phase-separation-only (left), extrusion only in S (center), and extrusion everywhere with targeting to S
(right). Dotted lines demarcate the region of the relative interaction strength of A-A compared to B-B, where contacts between S domains and distal regions (S-A, S-B, and
S-Sinter) May be depleted (****"*Y/ ¢, ecreq < 1). (F) Pairwise mean °>eved/ . .4 contact enrichments and Hi-C maps for targeted loop extrusion models with similar A-A and
B-B obsered/  nected CONtact enrichments (A-A °eved/ o iedq = B-B P4/ hected). Models increase in both A-A and B-B contact strength from left to right. correspond to
the following attraction energies: ea.n = 0.08 and eg.g = 0.04 kT; (center) ea.a = 0.14 and eg.g = 0.1 kT; ea.o = 0.22 and eg_g = 0.16 kT. Targeted loading was simulated at
A =55kb, ds =55kb, and no extrusion in A and B.
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Figure EV7. Positioning of compartments relative to their CTs.

(A) Absolute monomer densities for exemplary models from Fig. 5A,B with only phase separation (left), phase separation and extrusion only in S (middle), and phase
separation with extrusion everywhere, but targeted to S (right). n =150 independent CT conformations. The error bars represent standard deviations. (B) Representative
example of compartment staining for ChrO4 set 2 using widefield microscopy. Multiple nuclei labeled with 4-color Oligopaint FISH for single A (green), B (magenta), and S
(blue) domains, as well as the corresponding CT (white). White dashed lines indicate the CT edge (left column). Gray dashed line squares (middle column) indicate zoom
panels in the right column. Fourth column: 3D rendering of zoomed CT from TANGO. Microscope images are z-projections of 10 Z stacks. Background in the CT channel
acts as a proxy for the nuclear edge. (C) Shell analysis of the positioning of each compartment region studied using widefield microscopy data. The location of Oligopaint
FISH probes for set 2 within ChrO4 is shown above the plot. Dots indicate means of three biological replicates (different embryos, n > 250 nuclei). Error bars show the
standard error of the mean. P values were generated from an unpaired t-test (Kolmogorov-Smirnov test) between distributions and are indicated at the bottom left of each
graph. (D) Frequency histogram of foci center position within CT for each set determined using widefield microscopy data. Dots indicate the mean of three biological
replicates. Error bars show the standard error of the mean. P values for each comparison (paired t-test) are as follows: ChrO4 set 1: A-B comparison p = 0.8; B-S
comparison p = 0.0002; A-S comparison p = 0.0001. Chr04 set 2: A-B comparison p = 0.0012; B-S comparison p = 0.0038; A-S comparison p = 0.0001. Chr17: A-B
comparison p = 0.0048; B-S comparison p = 0.0005; A-S comparison p = 0.0003. Chr23: A-B comparison p = 0.0001; B-S comparison p = 0.0001; A-S comparison

p =0.0001. (E) Left: Frequency histogram of foci center position within ChrO4 in PD-D2 embryos determined by STED. Midlines indicate the mean of three biological
replicates (n>30 nuclei per replicate). Error bars (light shading) show the standard error of the mean. Right: Shell analysis measuring S and B domain positions within
Chr04 in embryos determined by STED. Mid line represents the average of three biological replicates (n > 30 nuclei per replicate). Error bars (light shading) show standard
error of the mean. For both graphs, P values were generated from unpaired t-tests (Kolmogorov-Smirnov tests) between distributions and are indicated at the bottom right
of the graph. (F) Two-color STED labeling of ChrO4 and single S (left) or B (right) domains in cells from PD-D2 embryos. ChrO4 is shown in blue, B compartment domain is
shown green, and S compartment domain is shown in purple. (G-1) 3-color Oligopaint FISH labeling two domains from the same compartment (G = A compartment, H =B
compartment, | =S compartment) and the ChrO4 CT using widefield microscopy. Bottom right of just one compartment paints next to 3D reconstructions of CTs using
TANGO. (J) Center-center distance measurements for compartments A, B, and S were measured using TANGO. ***p = 0.0002, *p = 0.01. unpaired t-test with Welch's
correction. Each dot represents measurements from a single CT. Data shown are from two biological replicates where n>100 nuclei were analyzed. Error bars show the
standard error of the mean. (K) A series of optical sections using widefield microscopy through Chr04 labeled with 4-color Oligopaint FISH for single A (red), B (green),
and S (purple) compartment domains, as well as the corresponding CT (white). (L) An example of a raw image (no deconvolution) above a deconvolved image, labeling
single A (red), B (green), and S (purple) compartment domains, as well as the corresponding CT (white).
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Figure EV8. Dynamics of compartment S during development.

(A) Example of an S domain appearing (Chr09) or disappearing (Chr13) between 24 and 48 h after diapause release. (B) Comparison of compartmentalization on Chr06
between PD-D2 and adult head (AH). Dashed boxes correspond to an S compartment in PD-D2 switching to B in AH. Gene positions, gene expression, and compartment
tracks are shown below each matrix. Full chromosome balanced matrices are shown for both stages with zoomed region of the chromosome as indicated by dashed box
above it. (C) Bar graph showing the relative genomic coverage of A, B, and S in the Hi-C dataset from the B. mori AH. (D) Differential expression of genes between PD-D2
embryos and AH timepoints. Volcano plot indicates log, fold change vs -log; false discovery rate (FDR). Data are computed using RNA-seq data from one experiment in
PD-D2 embryo and two replicates from AH. In black are differentially expressed (DE) genes and in gray not differentially expressed genes (not DE). Genes that were
assigned as S compartments at both timepoints (S- > S) are highlighted in blue. Genes that were assigned as S compartments in PD-D2 and assigned to B compartments in
AH (S- > B) are highlighted in red. Analysis is restricted to compartments that are larger than 200 kb, to allow visual confirmation of assignment. (E) Two-color STED
labeling ChrO4 CT and single B domain in cells from PD-D2 embryos (left) or adult heads (right). ChrO4 is shown in blue, and the B compartment domain is shown green.
Dashed line indicates nuclear edge as determine by confocal microscopy. (F) Shell analysis measuring B domain positions within ChrO4 in embryos (blue) and adult heads
(tan). Mid line = average of two biological replicates (n >30 nuclei). Error bars (light shading) show standard error of mean. P values were generated from unpaired t-test
(Kolmogorov-Smirnov test) between distributions and are indicated at the bottom right of the graph. (G) Four-color Oligopaint FISH labeling DAPI (blue) and single A
(red), B (green), and S (purple) domains as well as the corresponding CT (white). First column: Oligopaint labeling of all domains, with white dashed lines indicating CT
edges. Second column: Oligopaint labeling of domains only. Third/fifth column: zoom-in views of CTs with all four FISH probes. Fourth/sixth column: zoom-in views of CTs
with only domain FISH probes. Widefield microscope images are Z-projections of 10 Z stacks. The background in the CT channel acts as a proxy for the nuclear edge. (H)
Shell analysis measuring foci positions within ChrO4 determined using widefield microscopy. Mid line = average of two biological replicates (n > 150 nuclei). Error bars
(light shading) show standard error of the mean. P values were generated from unpaired t-test (Kolmogorov-Smirnov test) between distributions and are indicated at the
bottom right of the graph.
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Figure EV9. Correction of the Bombyx mori g y.

(A) Top: Hi-C reads from p50 PD-D2 embryos aligned to the Bmori_v3 genome assembly (see methods). Middle: close-up on the chromosomal region highlighted by the
blue dashed square on the top panel. Bottom: Hi-C reads from p50 PD-D2 embryos aligned after correcting assembly to Bmori_v4 (see Methods). Close up (inside blue
dashed box) or full chromosome are drawn. (B) Hi-C contact map of Chr1lc from p50 embryos at PD-D2 in log scale at 40 kb resolution. Matrices have been normalized by
iterative correction and plotted using Matplotlib. Filtered bins appear as blank lanes. On top is a schematic representation of the chromosome with the color code
representing the average GC percentages per 100 kb windows, as in Fig. 1A. The location of the rDNA array is indicated on the top of the chromosome, and the green arrow
points to the visible speckle due to the mis-assembly of the rDNA region in the genome.
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Figure EV10. Pearson correlation between ChIP-seq datasets used in this study.

(A) Pearson correlation for all .bam alignment files of ChIP-seq datasets computed using deepTools (see Materials and methods) at 1 or 40 kb resolution. (B) Pearson

correlation for all IP vs Input log2 ratios tracks of ChIP experiments computed using deepTools (see Methods) at 1 or 40 kb resolution.
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