






 
 

 

Extended Data Fig. 4 | Lineage-specific transcriptional regulatory 1445 
element usage during pluripotent cell differentiation 1446 
(a) Dendrogram showing hierarchical clustering of iPSCs/ESCs and their 1447 
differentiated lineages along with normal tissues based on normalized PRO-1448 
cap expression levels of divergent distal elements. 1449 
(b) Heatmap of PRO-cap signals (relative to ESC) for divergent distal 1450 
elements differentially expressed during pancreatic lineage differentiation, 1451 
grouped by distinct transcriptional trajectories. Functional enrichment of 1452 
predicted target genes is shown alongside each trajectory. 1453 
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Extended Data Fig. 5 | Heritability enrichment of immune-related 1479 
phenotypes in diverse blood cell types  1480 
(a) The significance of heritability enrichment for blood cell count traits across 1481 
major immune cell types from healthy individuals. 1482 
(b) Same as (a) but for IBD, UC, and CD. 1483 
(c) Same as (a) but for T1D and T2D. 1484 
Each point represents an individual sample. The dashed line denotes an 1485 
FDR threshold of 0.1.  1486 
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Extended Data Fig. 6 | Functional characterization of differentially 1512 
expressed transcriptional regulatory elements in T1D patient-derived T 1513 
cells. 1514 
(a) Enrichment of TF binding motifs in differentially expressed TREs between 1515 
T1D patient- and non-diseased donor-derived T cells. Top 10 significantly 1516 
enriched motifs in upregulated and downregulated TREs are shown (FDR < 1517 
0.05). Sequence logos with their corresponding TF identity match (TF name 1518 
and DNA-binding domain) and p-value are shown.  1519 
(b) Pathway enrichment analysis of genes linked to differentially expressed 1520 
TREs. Dot size indicates the number of genes per pathway, and dot color 1521 
represents the gene overlap ratio. 1522 
(c) Browser shot of PRO-cap signal tracks at the IL2RB intronic enhancer 1523 
locus in T cells from individual T1D patients and in different immune cell 1524 
types from each non-diseased donor. Same locus as shown in Fig. 3f. 1525 
Dashed lines indicate fine-mapped T1D-associated variants located within 1526 
this region.  1527 
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Extended Data Fig. 7 | eQTL enrichment across transcriptional 1546 
regulatory element annotations 1547 
(a) Heatmap showing the significance of eQTL enrichment across divergent 1548 
distal tissue-specific and non-tissue-specific TRE annotations. Asterisks (*) 1549 
denote FDR < 0.05 after Benjamini-Hochberg correction. 1550 
(b) Same as (a), but for divergent proximal elements.  1551 
(c) Fraction of fine-mapped eQTL variants (above a given PIP threshold) 1552 
overlapping tissue-specific and non-tissue-specific divergent distal 1553 
elements. Lines show the average across related GTEx tissues; subplot titles 1554 
indicate TRE categories. Traces are shown for thresholds with ≥5 variants. 1555 
Shaded areas denote standard error. 1556 
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Extended Data Fig. 8 | Genome-wide distribution of pause distances in 1579 
transcriptional regulatory elements following depletion of different 1580 
factors 1581 
(a) Genome-wide distribution of pause distances for distal elements before 1582 
and after acute depletion of the indicated factors using auxin-inducible 1583 
degron systems. 1584 
(b) Same as (a), but for proximal elements. 1585 
(c) Representative 5’ and 3’ PRO-cap signal tracks (merged across 1586 
replicates) of an element before and after NELF-C degradation in DLD-1 1587 
cells. 1588 
 1589 
 1590 
 1591 
 1592 
 1593 
 1594 
 1595 
 1596 
 1597 
 1598 
 1599 
 1600 
 1601 
 1602 
 1603 
 1604 
 1605 
 1606 
 1607 
 1608 
 1609 
 1610 
 1611 
 1612 

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 26, 2025. ; https://doi.org/10.1101/2025.09.24.676871doi: bioRxiv preprint 

https://doi.org/10.1101/2025.09.24.676871
http://creativecommons.org/licenses/by/4.0/


a b

c

Extended Data Figure 9
.CC-BY 4.0 International licenseavailable under a

(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 
The copyright holder for this preprintthis version posted September 26, 2025. ; https://doi.org/10.1101/2025.09.24.676871doi: bioRxiv preprint 

https://doi.org/10.1101/2025.09.24.676871
http://creativecommons.org/licenses/by/4.0/


 
 

 

Extended Data Fig. 9 | Subtype-specific transcriptional landscape of 1613 
leukemia and lymphoma 1614 
(a) Heatmap showing enrichment patterns of top de novo TF motifs in each 1615 
subtype-specific TRE module from Fig. 6a. 1616 
(b) Active rate of divergent distal elements in TRE module M2 across 1617 
different cell lines based on CRISPRi tiling screen at the MYC locus. 1618 
(c) Genome browser tracks of PRO-cap signal and CRISPRi scores for distal 1619 
elements in the MYC locus across different cell lines, with each example 1620 
covering a 2.5-kb region on chromosome 8. Grey boxes cover regions that 1621 
were not targeted by the sgRNA library used for SU-DHL-5, which was 1622 
different from the tiling sgRNA library used for other cell lines. NFR: 1623 
nucleosome-free region.  1624 
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Extended Data Fig. 10 | Site-specific regulatory rewiring in lung and 1648 
brain metastases of colorectal cancer 1649 
(a) Hierarchical clustering of divergent distal TREs in metastatic biopsies 1650 
from patients with colorectal cancer and related non-neoplastic tissues. 1651 
(b) Heatmap of differentially expressed divergent distal TREs between lung 1652 
and brain metastases. Z-scores of PRO-cap signals were calculated across 1653 
metastatic samples and related non-neoplastic tissues.  1654 
(c) Genome browser tracks of PRO-cap signals at the promoter regions of 1655 
ETS1 and HNF4A in lung and brain metastases from colorectal cancer 1656 
alongside related non-neoplastic tissues.  1657 
(d) Pathway enrichment analysis of genes linked to differentially expressed 1658 
TREs in lung or brain metastases from colorectal cancer, respectively. Gene 1659 
ratio represents the fraction of genes in each pathway that overlap with the 1660 
input gene set. 1661 
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