






Figure 2 | Core promoter sequences at divergent and unidirectional distal elements
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Fig. 2 | Core promoter sequences at divergent and unidirectional distal
elements.
(a) Genomic DNA sequence content of divergent and unidirectional distal
elements, with bases “A” and “T” colored in white, and bases “C” and “G” colored
in black. The heatmaps show signals at individual elements, sorted by distance
from the prominent TSS to the center.
(b) The frequency of 64 three-mers at each position relative to the TSS,
normalized to their total frequency within the region spanning -50 to +50 bp
around prominent TSSs of divergent and unidirectional distal elements.
(c) Percentage of elements displaying core promoter motifs matching the TATA
box, Inr, or DPR in divergent and unidirectional distal categories.
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Figure 3 | Functional features of distal elements
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Fig. 3 | Functional features of divergent and unidirectional distal elements.
(a) Metaplots of sequence age (million years ago) and evolutionary metrics
(phyloP and CDTS) across divergent and unidirectional distal elements.
Distances are represented as ±0.5 kb from the center.
(b) Histogram showing the number of genes predicted to be regulated by each
divergent or unidirectional distal element as determined by the ABC model.
(c) Percent change in target gene expression following CRISPR perturbations to
divergent and unidirectional distal elements.
(d) Schematic (top) illustrating the regulatory effects of a unidirectional distal
element on three target genes (MYO1D, TMEM98, and SPACA3) validated by
CRISPR experiments. Below are PRO-cap, DNase-seq, and H3K27ac ChIP-seq
signal tracks for the unidirectional distal element.
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Figure 4 | CTCF has a dual function in modulating transcription initiation
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Fig. 4 | CTCF has a dual function in modulating transcription initiation.
(a,b) PRO-cap and ChIP-seq browser tracks of two representative distal
elements, showing either upregulated (a) or downregulated (b) transcription
before (0h) and after (6h) CTCF degradation. The positions of CTCF motifs are
indicated and PRO-cap signal tracks from two replicates are shown.
(c) Volcano plot of PRO-cap signals on the minimum TSS side of distal elements
before and after CTCF degradation. Differentially expressed distal elements are
highlighted in yellow for upregulation and green for downregulation in
transcription.
(d) Metaplots of PRO-cap signals (RPM normalized, 10-bp bins) on the minimum
TSS side of distal elements in the upregulated (left) and downregulated (right)
transcription groups, centered on CTCF motifs. A schematic of the CTCF motif
position relative to transcription initiation sites is shown below each panel.
(e) Same as (c), but for the maximum TSS side of distal elements.
(f) Same as (d), but for the maximum TSS side of distal elements.
(g) Illustration of CTCF's dual function in modulating transcription initiation based
on the motif's position relative to transcription initiation sites.
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Figure 5 | TFs with dual functions in tuning transcription initiation
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Fig. 5 | TFs with dual functions in tuning transcription initiation.
(a) A schematic of in silico motif deletion.
(b) Barplots showing the fold change in predicted transcription levels at the
minimum and maximum TSS sides following the in silico deletion of motif
instances located downstream or upstream of the TSSs, respectively.
(c-d) Representative loci where in silico deletion of AP1 motifs results in either
transcription upregulation (c) or downregulation (d). The first track displays
observed PRO-cap data, while the subsequent four tracks present predicted
PRO-cap signals and their corresponding contribution scores from the count task
based on original and mutant sequences. AP1 motifs are highlighted in shaded
areas.
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