






Extended Data Fig. 9 | See next page for caption.



Extended Data Fig. 9 | Ctenophore genome architecture additional 
analyses. a, Scatter plot showing the normalised H3K4me3 and H3K4me2 
ChIP-seq coverage in 2 Kb region around loop anchor. b, Comparison of loop 
anchor annotation using either H3K4me3/H3K4me2 or H3K4me3/H3K4me1 
ratios. For M. leidyi, H3K4me3/H3K4me2 ratio were more effective in annotating 
loop anchors, as many loop anchors classified as promoters using H3K4me3/
H3K4me1 were found within intergenic or intronic regions (pie chart). The 
discrepancy is attributed to the high background noise observed in the H3K4me1 
ChIP-seq signal. c, Normalised coverage for different chromatin features around 
loop anchors classified as promoters and enhancers. d, Genomic regions in  
H. californensis showing chromatin loops. In total, we annotated 239 chromatin 
loops, with 51% of loop anchors located within intronic or intergenic regions. 
High-resolution chromatin maps are expected to significantly increase the 
number of reported loops in H. californensis. e, Boxplots showing the total 
expression in scRNA-seq data8 for M. leidyi or RNA-seq data51 for C. californensis 
of genes with a loop anchor at their promoter regions, in their introns 
(enhancer sites), and genes not involved in distal chromatin interactions 
(outside loops). *** stands for p-value < 2.22e−16 of two-sided Wilcoxon rank sum 
test. Boxplots center line shows the median value, with box limits indicating 
the IQR and whiskers as 1.5x IQR. f, Motif score distributions at loop anchors 
(max score in 2,000 bp window around the center of a loop anchor) compared 
to genomic background. In H. californensis, we detected similar to M. leidyi GC-
rich motif (similarity score = 0.96) enriched in 38% of loop anchors. g, Fraction 
of loop anchor sites containing the identified GC-rich motif at promoter sites 
(in orange), at enhancer sites (green) or at the promoters of genes not involved 
in chromatin loops (cyan). h, Scatterplot showing total gene expression (x-axis) 
versus gene expression variability (y-axis) across cell types, highlighting genes 
with their promoter involved in chromatin loops (orange) and also genes 
containing the GC-rich motif in their promoters but not involved in loops 
(cyan). These motif-containing genes without detected loops showed lower 
and more variable expression across cell types than genes with detected loops, 
suggesting the former could be forming loops in low-abundance cell types that 
we are unable to detect in bulk Micro-C experiments. i, DNA methylation levels 

at GC-motif sites located at chromatin loops (left) compared to methylation 
levels in motif occurrences outside detected chromatin loops (right). j, Bias-
corrected ATAC footprint profiles centered around motifs located at loop 
anchors. k, Distribution of CTEP1 and CTEP2 bound DAP-seq peaks across 
genomic regions with varying DNA methylation levels and within annotated 
loop anchors. Below, the number of DAP-seq peaks containing the identified 
GC-rich motif. l, Number of loop anchor regions that contain CTEP1 and CTEP2 
DAP-seq peaks. m, DAP-seq quantile normalized CPM coverage around GC-rich 
motif from CTEP2 binding assay using native genomic DNA fragments or 
unmethylated PCR amplified genomic DNA. CTEP2 as well as CTEP1 (Fig. 4f) 
exhibited higher affinity for the unmethylated GC-rich motif. n, Multiple 
sequence alignments of CTEP1 and CTEP2 genes were performed against the 
dataset of 358 metazoan genomes (Supplementary Table 3). The significant 
hits against CTEP proteins, exhibiting sequence identity above 50%, were 
found exclusively within ctenophores. o, Left, boxplots showing the number  
of transposable element insertions per promoter region of genes involved  
in chromatin loops compare to genes that are outside loops (*** indicates 
p-value < 2.22e−16, two-sided Wilcoxon rank sum test). Right, barplots showing 
the fraction of promoters in loops containing TE insertions compared to 
promoters not involved in loops and random genomic regions. Over 90% of 
promoter regions involved in distal interactions harbour insertion of DNA 
transposon. Additionally, promoters in loops have higher frequency of 
insertions of LTR and Unknown type transposons. Boxplot limits as in (e).  
p, Syntenic conservation within M. leidyi chromatin loops compared to 
Pleurobrachia bachei or Bolinopsis microptera. Left, barplot showing the 
fraction of conserved orthologs in all alignable genomic regions across 
ctenophore species (chi-squared test for given probabilities). Right, boxplot 
showing the fraction of shared orthologs between individual genomic regions 
within chromatin loops (P. bachei: n = 105; B. microptera: n = 332) versus in 
random genomic regions of similar size (P. bachei: n = 198; B. microptera: 
n = 945). p-value significance was calculated using two-sided Wilcoxon rank 
sum test. Boxplot limits as in (e). q, Number of predicted genes with zf-C2H2 
protein domain in the different species studied included in this study.
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