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samples respectively. b, Western blot showing the levels of H3K27 acetylation in nuclear 1157 
extracts in conditions as in a. Lamin B1 is used as loading control. c, Cell cycle analysis by 1158 
flow cytometry using propidium iodode in conditions as in a. d, Cell cycle viability counts in 1159 
conditions as in a. Mean of three biological replicates ± s.e.m e, Heat maps showing H3K27ac 1160 
ChIP-seq signal at differential peaks. g, Bar plots showing percentage of the genome in ChIP-1161 
seq peaks of active and repressive histone marks. f, Bar plots showing the distance of 1162 
differential ChIP-seq peaks (H3K27ac, H3K4me3, H3K4me1, H3K27me3, H2AK119Ub, 1163 
H3K9me3) from transcription start sites (TSS).  1164 
 1165 
 1166 

 1167 
 1168 
Extended Data Figure 2 – Micro-C data coverage. a, Total Micro-C coverage in DMSO, 1169 
TSA, data from Hsieh et al. (2020) on chromosome 3, along with ATAC-seq signal and 1170 
eigenvector tracks in DMSO. b, Micro-C maps showing contacts over the HoxC cluster in WT 1171 
mESCs (Hsieh et al. 2020) and in DMSO. Corresponding Micro-C coverage tracks are 1172 
displayed above the maps. c, Region Capture Micro-C (RCMC) map (left) and Micro-C map 1173 
(right) from this study showing contacts over the HoxC cluster in WT mESCs (Goel et al. 2023) 1174 
and in DMSO. RCMC data has been downsampled to match depth of the Micro-C map in the 1175 
capture region. Corresponding RCMC or Micro-C coverage tracks are displayed above the 1176 
maps. d, On-diagonal pile-ups centred at microcompartment loop anchors identified by Goel 1177 
et al. (2023) at the Klf1, Sox2 and Nanog loci (resolution = 600 bp).  1178 
 1179 
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 1180 
 1181 
Extended Data Figure 3 – The effect of HDAC inhibition on genome folding. a, Ratio of 1182 
cis versus trans contacts in Micro-C datasets. b, Micro-C contact frequency plotted against 1183 
genomic separation representing cis decay. c, Proportion of unique versus common genomic 1184 
regions assigned to A and B compartments in DMSO and TSA. d, Aggregate plots of 1185 
homotypic interactions between and A and B compartments in trans. e, Metaplots showing 1186 
H3K4me1 ChIP-seq read density over A and B compartments (bin size = 1 kb). Shading 1187 
represents standard deviation.  f, Heatmap of the similarity scores between the compartment-1188 
strength (CS) profiles in DMSO Micro-C and the models for different parameter sets (EAA,EBB). 1189 
g, A- and B- specific CS profiles from DMSO Micro-C data (lines) and single-chain simulations 1190 
with optimised attraction energies (points). h, Heatmap of the similarity scores between the 1191 
median of the chromosome-averaged trans-contact ratio (TR) in DMSO and TSA Micro-C 1192 
datasets and the models for different parameter sets (KθA,KθB). The compartment-specific 1193 
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attraction energies (EAA,EBB) were maintained equal to the single-chain optimised values. Gray 1194 
entries indicate untested parameter sets. i, Distribution of the trans-contact ratios per 1195 
chromosome in DMSO and TSA Micro-C data, and the optimal models for DMSO (left) and 1196 
TSA (right). j, Distribution of the TR in optimized models for DMSO (left) and TSA (right). No 1197 
further optimisation of the compartment-specific attractions (EAA,EBB) was performed to 1198 
generate the model profiles in TSA (right). Shading represents inter-quartile range. k, Example 1199 
configurations of modelled nuclei corresponding to DMSO (top) and TSA (bottom) conditions. 1200 
Red beads represent A compartments, blue beads represent B compartments. l, Micro-C 1201 
maps and insulation curves showing a new TAD boundary forming at the Sox2 locus upon 1202 
TSA treatment (resolution = 10 kb). m, Heat maps showing CTCF ChIP-seq signal at 1203 
differential peaks.  1204 
 1205 

 1206 
 1207 

Extended Data Figure 4 – Chromatin changes in TSA near deregulated TSSs. a, 1208 
Heatmaps showing H3K27ac, H3K4me3, H3K27me3 and H2AK119Ub signal in DMSO and 1209 
TSA around transcription start sites (TSS) of upregulated genes. b, Cumulative histogram 1210 
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showing genomic distance between upregulated gene promoters and the nearest primed 1211 
(upper panel) or poised (lower panel) enhancer. Control genes represent an expression-1212 
matched gene set that does not increase in expression. c, Heatmaps showing Myc and YY1 1213 
ChIP-seq signal around up- and downregulated TSSs. d, Contact map showing extensive 1214 
H3K9me3-associated differential looping at the Zfp553 locus. Corresponding H3K9me3 signal 1215 
is displayed above. e, Volcano plot of differential loops between DMSO and TSA with de novo 1216 
H3K9me3 TSA loops highlighted in orange. Positive log2 fold change indicates stronger 1217 
interaction in TSA. f, Pile-up of Micro-C signal (resolution = 4 kb) around de novo H3K9me3 1218 
loops that form in TSA. g, Boxplot showing the normalised H3K9me3 signal at anchors of de 1219 
novo H3K9me3 TSA loops. Data shown are the median, with hinges corresponding to 1220 
interquartile range (IQR) and whiskers extending to the lowest and highest values within 1.5× 1221 
IQR, notch shows 95% confidence interval (CI) (uppaired two-tailed t-test; ns > 0.05, ****p < 1222 
0.0001).  h, Log2 fold change in gene expression (TSA vs DMSO) of genes that are nearest 1223 
DMSO-only or TSA-only loop anchors. Data shown are the median, with hinges corresponding 1224 
to IQR and whiskers extending to the lowest and highest values within 1.5× IQR, notch shows 1225 
95% CI (unpaired two-tailed t-test; ns > 0.05, **p < 0.01). 1226 
 1227 
 1228 
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 1229 
 1230 
Extended Data Figure 5 – HDAC inhibition-induced chromatin and gene expression 1231 
changes in mESC and gastruloids. a, Representative images of H3K27ac and Sox2 1232 
immunostaining in 48-hour gastruloids with (bottom) or without (top) TSA treatment (scale bar 1233 
= 100 μm). b, Quantification of H3K27ac (left panel) and Sox2 (right panel) signal intensities 1234 
in early (48 h, 72 h) gastruloids with and without TSA treatment. Data shown are the median, 1235 
with hinges corresponding to IQR and whiskers extending to the lowest and highest values 1236 
within 1.5× IQR. c, Gene Ontology enrichment of terms related to development among 1237 
differentially expressed genes in mESCs and 48-hour gastruloids after 4 hours of TSA 1238 
treatment. d, Representative images of H3K27ac and Sox2 immunostaining in 72-hour 1239 
gastruloids with (bottom) or without (top) TSA treatment (scale bar = 100 μm). e, Volcano plot 1240 
showing differentially expressed genes in 120-hour gastruloids with versus without TSA 1241 
treatment (significance cutoff: adjusted p-value > 0.05) Positive log2 fold change signifies 1242 
upregulation in TSA-treated gastruloids. 1243 
 1244 
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 1245 
 1246 
Extended Data Figure 6 – Reversibility of HDAC inhibition-induced architectural 1247 
changes. a, Ratio of cis versus trans contacts in Micro-C datasets. b, Contact frequency in 1248 
Micro-C plotted against genomic separation representing cis decay by compartment. c, Micro-1249 
C maps at the Nkx2-2 locus showing incomplete architectural recovery. ChIP-seq tracks of the 1250 
corresponding condition are shown above. 1251 
 1252 
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 1253 
 1254 
Extended Data Figure 7 – A second TSA treatment triggers memory in mESCs. a, Volcano 1255 
plot showing differential gene expression (significance cutoffs: adjusted p-value > 0.05, 1256 
absolute log2 fold change > 1) upon reTSA treatment. Labels correspond to core and naïve 1257 
pluripotency, formative, meso-endodermal, CNS differentiation and neurogenesis marker 1258 
genes. Positive log2 fold change signifies upregulation in upon reTSA treatment. b, Scatterplot 1259 
showing the correlation of transcriptomic changes induced by the first and second TSA 1260 
treatments. c, Contact map showing enhancer-promoter contacts at the Ggt1 locus that shows 1261 
sustained transcriptional upregulation. Corresponding H3K27ac, H3K4me1 and ATAC-seq 1262 
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signal are displayed above. d, Contact map showing Polycomb-mediated contacts at the Sp8 1263 
locus that shows sustained transcriptional downregulation. Corresponding H2AK119Ub and 1264 
H3K27me3 signal are displayed above. e, Aggregate plots of Micro-C signal around loops 1265 
where anchors overlap with downregulated TSSs that recover (left panes) or do not recover 1266 
(right panels) (resolution = 4 kb). Quantification of piled-up loop signal is shown on the 1267 
right (paired two-tailed t-test; ns > 0.05, ***p < 0.001).  Data shown are the median, with hinges 1268 
corresponding to IQR and whiskers extending to the lowest and highest values within 1.5× 1269 
IQR. f, Volcano plot of differential loops between DMSO and TSA. H3K27me3 loops are 1270 
highlighted in orange. Positive log2 fold change indicates stronger interaction in TSA. g, Pile-1271 
up of Micro-C signal (resolution = 4 kb) around de novo H3K9me3 loops that form in TSA. h, 1272 
Boxplot showing the normalised H3K27me3 signal at anchors of H3K27me3 loops in DMSO, 1273 
TSA and Recovery. Data shown are the median, with hinges corresponding to IQR and 1274 
whiskers extending to the lowest and highest values within 1.5× IQR (unpaired two-tailed t-1275 
test; ns > 0.05, ***p < 0.001). 1276 
 1277 
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