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Fig. S1. Multimapped reads and replication. 
(A) Bar chart of the proportion of multi-mapped and uniquely mapped reads 

mapping to TEs. 
(B) Barplot of the number of trans chromatin contacts, where both paired reads 

are on different chromosomes.  
(C) Heatmap of pair-wise Pearson correlations comparing the te_hic generated 

matrices to the HiC-Pro matrix. 
(D) Heatmap of Pearson’s correlation of all-read matrices for the indicated 

biological replicates for hPSCs, ME (mesoderm differentiated cells), MS 
(Mesenchymal stem cells), NP (Neural progenitors) and TB (Trophoblast cells). 
Data is from (Dixon et al, 2015) 
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Fig. S2. 3D genome properties in downsampled matrices, separated by TE 
superfamily. 

(A) Heatmap of the pair-wise Observed/Expected (O/E) for homotypic and 
heterotypic TE-to-TE contacts. 

(B) Violin plots of TAD sizes in the four TE-matrices. 
(C) Violin plots of TAD sizes in the four TE-matrices, normalized by the number of 

TADs in each matrix. 
(D) Histogram of TAD sizes generated using matrices containing only reads with 

the indicated TE superfamily at one or both ends. Contacts assigned with more 
than one TE superfamilies at one or both ends were discarded.  

(E) A boxplot of TAD score for the indicated superfamilies of TEs, as measured by 
RobusTAD (Zhang et al, 2025). Significance is from a two-tailed Mann-Whitney 
U test. 

(F) The Hi-C matrices were downsampled to the same size as the smallest matrix 
(noTE-to-noTE). Normalized contact density heatmaps for chromosome 3 
using the downsampled subsets of downsampled reads: (1) all-reads, (2) TE-
to-TE, (3) TE-to-noTE, and (4) noTE-to-noTE matrices.  

(G) Saddle plots showing genome-wide average O/E interaction frequency and 
A/B compartmentalization of the four downsampled matrices.  

(H) Plots showing contact frequency as a function of genome distance for the four 
downsampled matrices as in panel B. The left plot shows the overall contact 
frequency (distance in base pairs between the mapped read pairs), and the 
right plot shows the slopes.  

(I) Histogram of TAD domain sizes in megabase pairs for the four downsampled 
matrices.  

(J) Boxplot of the TAD score estimated for each of the four downsampled matrices 
by RobusTAD. The number in white indicates the number of TAD observed in 
each matrix. Significance is from a two-tailed Mann-Whitney U test.  

(K) Aggregate Pileup Analysis (APA) plots centered on the loop coordinate in the 
downsampled matrices. The flanking 100 kbp is shown. The value in the top 
left corner is the score of the central pixel. 
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Fig. S3. Contact Z-score in mouse pluripotent stem cells and impact of different 
normalization strategies on the designation of CPFs and CNFs. 

(A) Scatter plot of contact Z-score versus normalized peak size (in base pairs) for 
mouse PSCs. Only homotypic ETF-ETF contacts are considered. The size of 
the dots indicates the percentage overlap with CTCF binding sites. Hi-C data 
was from GSM4074304 (Justice et al, 2020) and GSM4647542 (Carico et al, 
2021). 

(B) Histograms of GC content for all peaks (left) and SMARCA4-only peaks (right), 
using three background strategies. (1) Bedtools shuffle (the original strategy), 
(2) GC normalized background and (3) peaks selected randomly from the 
superset of all peaks. The dotted lines indicate the mean of the distribution for 
each histogram.  

(C) Boxplots of the GC percentage for the backgrounds described in panel B.  
(D) Venn diagrams of the number of CPFs detected using three background 

strategies.  
(E) As in panel D, but for CNFs.  
(F) Scatter plots of contact Z-score versus normalized peak size (in base pairs) for 

hPSCs. Each plot was generated using one of the three backgrounds: 
Bedtools shuffle, shuffled selection from a superpool of all peaks, or matched 
GC normalized peaks. Note that ETFs can appear more than once if multiple 
ChIP-seq datasets were analyzed. 
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Fig. S4. Cell type-specific expression of ETFs. 
(A) Heatmap of expression of the genes for the ETFs explored in this study. 

Expression was measured in hPSCs versus a panel of somatic cell types. 
Rows of the heatmap is ordered based on their contact Z-score from Fig. 3A. 
RNA-seq data is from the reanalysis performed in (Babarinde et al, 2021). 
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Fig. S5. CPFs are associated with enhancers and inversely associated with 
H3K9me3. 

(A) Chromatin accessibility at POLR2A, BRD4 and SMARCA4 bound loci in hPSC, 
derived from ATAC-seq data. ATAC-seq data is from GSE242351 (Ma et al, 
2025). 

(B) Pileup of H3K9me3 ChIP-seq data at TRIM28 binding sites. Data was taken 
from GSE84382 (Theunissen et al, 2016). 

(C) Pileup of H3K9me3 ChIP-seq data at KDM4A binding sites. Data was taken 
from GSE84382 (Theunissen et al., 2016). 

(D) Predicted contact Z-score for H3K9me3. H3K9me3 data from hPSCs was 
embedded into the contact Z-score prediction map using the contactZ tool as 
described in the methods. Data was taken from GSE84382 (Theunissen et al., 
2016). Note that ETFs can appear more than once if multiple ChIP-seq 
datasets were analyzed. 

(E) Predicted contact Z-score for H3K4me3 and H3K4me1. Epigenetic data was 
taken from (Ma et al., 2025) (Theunissen et al., 2016). Note that ETFs can 
appear more than once if multiple ChIP-seq datasets were analyzed. 
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Fig. S6. Proportion of ETF-bound Hi-C read pairs overlap with TEs. 
(A) Cumulative bar plot of the proportion of TEs at one or both ends of each ETF-

specific contact, bars are ranked by the contact Z-score from Fig. 3A. 
(B) Chromatin accessibility at ETFs bound to TEs. ETFs were divided into CPF, 

CNF and neutral factors, as defined in Fig. 4A, against the three clusters of 
TEs, as defined in Fig. 4B. The three clusters correspond to: cluster 3; TEs 
associated with CPF ETFs, cluster 2, TEs weakly associated with CPF ETFs, 
and cluster 1; TEs not associated with CPF ETFs. The central location of each 
pileup shows an ETF bound to a specific TE in the indicated class. Data is from 
(Ma et al., 2025). 
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Fig. S7. Pileups of SMARCA4 and MAFK ChIP-seq on selected TEs. 
(A) Pileups of selected cluster 3 TE subfamilies. The flanking 5 kbp is shown 

centered on the TE sequence. 
(B) Binding profiles of CTCF, SMARCA4 and MAFK on selected TE subfamilies. 

The TEs were aligned by strand, and the 5’ ends of the match, and their 
locations re indicated with the dotted lines. The flanking 200 bp are shown for 
comparison. 

(C) Pileups of selected cluster 2 TE subfamilies. The flanking 5 kbp is shown 
centered on the TE sequence. 

(D) Pileups of ATAC-seq data for loci bound by SMARCA4, MAFK or POL2RA at 
the three clusters of TEs, as defined in Fig. 4B. The three classes correspond 
to: cluster 3; TEs associated with CFP-associated ETFs, cluster 2, TEs weakly 
associated with CFP-associated ETFs, and cluster 1; TEs not associated with 
CFP-associated ETFs. ATAC-seq data is from (Ma et al., 2025). 
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Fig. S8. Knockdown of candidate CPFs SMARCA4 and MAFK. 
(A) RT-qPCR for the indicated genes in the indicated knockdowns. Statistical 

significance is from a two-tailed unpaired Student’s t-test. 
(B) Coefficient of determination (R2) of merged RNA-seq samples. 
(C) Principal component analysis (PCA) of merged RNA-seq samples. 
(D) Heatmap of all differentially expressed genes in the indicated knockdown. 
(E) Volcano plots for all differentially expressed genes in shSMARCA4 and 

shMAFK versus shLuc control. A gene was considered differentially expressed 
if it had a fold-change of at least 2-fold and a Bonferroni-Hochberg corrected 
p-value (padj) less than 0.01. 
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Fig. S9. Hi-C metrics for the knockdown of the predicted CPFs SMARCA4 and 
MAFK 

(A) Cumulative bar chart showing the proportion of reads assigned to each matrix 
by te_hic. 

(B) Number of detected chromatin contacts in the indicated Hi-C knockdowns. cis-
short was defined as within 20 kbp, and cis-long was defined as over 20 kbp. 

(C) Bar chart showing the number of trans contacts in the indicated knockdown.  
(D) Heatmaps of the normalized contact intensity of chromosome 7 for the 

indicated knockdowns using the all-reads matrices generated by te_hic. 
(E) Pie charts showing the proportion of compartment switches in the indicated 

knockdowns, relative to the shLuc control knockdown. Compartments were 
defined at 150 kb resolution. Only bins with same sign in PC1 values in two 
replicates were kept. 

(F) Contact frequency against genomic distance. Right panel: slopes of the curves. 
(G) Histogram of the TAD domain size distribution in the indicated knockdowns. 
(H) Boxplot showing the TAD boundary strength, and the number of boundaries 

detected (white). Statistical significance is from a two-tailed Mann-Whitney U 
test. 

(I) Boxplots of loop length of the indicated knockdowns. Number of loops are 
indicated (white). Statistical significance is from a Mann-Whitney U test. 

 
  



Fig. S10
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Fig. S10. Virtual 4C views at selected loci for the CPFs. 
(A) Virtual 4C views of shLuc, shSMARCA4, and shMAFK Hi-C data centered on 

a cluster 3 TE, LTR:ERV1:HERVS71-int on chromosome 19, as the viewpoint 
showing the flanking 1 Mbp from the center. Both SMARCA4 and MAFK is 
bound to the TE. Co-binding of SMARCA4 and MAFK is indicated. 

(B) As in panel A but centered on an LTR:Gypsy:MamGypLTR3a on chromosome 
8. 

(C) As in panel A but centered on a SINE:5S-Deu-L2:AmnSINE on chromosome 
7. 

 


