






Extended Data Fig. 9 | Compartment and SPIN integration with replication 
timing, RNA-seq, and nascent transcripts from iMargi. a, b. Averaged Hi-C, 
replication timing (16 fraction Repli-seq), nascent transcription (iMargi), and 
mRNA levels (RNA-seq) for h1ESCs at all A/B compartments (column 1) and  
SPIN states either co-registered or co-localized within A/B compartments 
(columns 2–10). All genomics data is plotted as the average signal across all 
genomic intervals representing SPINs in a particular column. SPIN genomic 
intervals of (SPIN genomic interval +/− flanks of 60% of the size of the genomic 

interval) are stretched laterally to scale by size before average signal is 
computed. a. All A compartments or select SPINS co-registered or within 
compartment A and b. All B compartments or select SPINS co- registered or within 
compartment B. Tracks show pileups in H1 for Hi-C Aggregate-Peak- Analysis 
(APA), A/B compartment, 16 fraction Repli-seq, median RNA-seq signal, condensed 
RNA-seq reads, median averaged iMARGI (+) and iMARGI (−) signal, condensed 
iMARGI (+) and iMARGI (−) reads, median iMARGI (+) signal, condensed iMARGI 
(+) reads, median iMARGI (−) signal, and condensed iMARGI (−) reads.
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Extended Data Fig. 10 | Predicting the effect of genomic variants on 3D 
genome folding with deep learning. a. Example of a 345 bp deletion  
(chr1: 47262830-47263175) at the TAL1 locus. We trained a model on HFFc6 
Micro-C using the Akita architecture124 and predicted contact maps for the 
reference human genome sequence (WT; ~1 Mb region) and the sequence 
carrying the deletion (Mut). Red: higher than expected interaction frequencies 
given genomic distance (log(observed/expected)); Blue: lower than expected. 
The effect of the deletion (Mut - WT) is plotted below. Purple: increased 
chromatin interactions; Green: decreased. Genes in the locus are plotted  
below the contact maps with TAL1 highlighted in red. The deleted region has a 
CTCF binding site and is located in a TAD boundary. Mirroring the experimental 
deletion in HEK293T cells (Hnisz et al.157), the HFFc6 model predicts increased 

contact frequency between TAL1 and adjacent regions (black rectangle), as  
did an H1 model (data not shown). b. In silico mutation of transcription factor 
motifs (replacing motifs with random sequences) affects deep learning 
predictions of nearby chromatin interactions. An example POU2F1::SOX2 
motif (left, chr13: 81872756-81872772) and FOSL1::JUND motif (right, chr16: 
12340569-12340578) were generated using models with the Akita architecture 
trained on H1 or HFFc6 Micro-C data, respectively. Motif logos generated via 
model importance scores using DeepExplainer128 are shown below the maps. 
These resemble the canonical motifs, though not precisely. Colour scales are 
the same as in (a), and motif sites are centred on the contact maps. Star symbols 
indicate regions with altered chromatin interaction predictions.














