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Supplementary Figure 1. Characteristics of divergent promoters.

a. A contour/hexbin scatter plot of forward versus reverse direction 5-GRO-Seq
counts plotted for promoter NDRs defined by DNasel-seq in H. sapiens Hela cells. b.
Mixture models (left) and Bayesian Information Criterion analysis of cluster numbers
(right) for forward/reverse GRO-cap count ratios for bidirectional (stable-stable)
promoter NDRs in H. sapiens containing significant initiation in at least one direction
(n = 2800). A pseudo count of 1 was added to numerators and denominators. Lines
represent density of the theoretical Gaussian distributions learned from the data,
histograms represent observed ratios. Forward and reverse directions were assigned
randomly. c. Forward and reverse PEAT-to-PRO-cap count ratio distributions for
divergent D. melanogaster promoter NDRs containing significant forward and reverse
TSSs. A pseudo-count of 1 was added to both numerators and denomenators. Black
dots represent median values. d. Forward and reverse TSS distribution entropy
scores for promoter NDRs containing significant forward and reverse TSSs. Black
dots represent median values. e. Contour/hexbin scatter plots of forward TSS
distribution scores versus forward-to-reverse initiation ratio. f. Initiator and TATA-box
consensus sequence string matches relative to forward and reverse TSS modes for

promoter NDRs containing significant forward and reverse TSSs.
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Supplementary Figure 2. Distribution of core promoter motifs in divergent
promoters.

a. Motif scans of Initiator and TATA core promoter motifs for promoter NDRs with
significant initiation in both the forward and reverse directions. Heatmaps are sorted
by increasing forward-to-reverse initiation ratio and scaled to make the maximum
color equal to the 0.999 quantile of all scores. b. Scatter plots for maximum TATA
motif signal in a -45 to -25 window upstream of TSSs. Forward versus reverse signals
are displayed. Color of the dots represents the distance between the forward and
reverse TSSs. Distance colors for H. sapiens and C. elegans were scaled so that the
maximum is 0.99 quantile of all distances (767 basepairs and 453 basepairs

respectively).



M1BP

—
b

] Inr MTE
0.3-

600-

400-

€s *bi4

Average Motif Score
in

P
Average ChiIP-exo Signal E

200-
0- 1 ‘.I‘_“‘A 1 ‘I 1 1 1
50 25 0 +25 +50 50 -25 0 +25 +50 200 . 0 ' 4200
. Position Relative to
TATA 0.8 Motif 1 Forward TSS
o 0.15 Divergent
S mmm Unidirectional
) i -
. 8 [C] log10 [Sequence Score]
= i 0.4- 0 2 4
& ! [For
- | | For I
5 ' - Fo‘-‘N\‘
g . pPe ReV-»—
< _
0- (WK : ' . 1 o MMM i i For [
50 25 0 425 450 50 25 0 +25  +50 R o8 [Rev/E—
TCE Motif 6
1 a [l
i RN FOI‘.-
©0.075- i of-
5 i 0.06 T [Rev. ——
(&)
- : For [ E———
o
= Rev.»
(] -
2 _
5 o For I
3z o o- NI THARWITLALTAITI W= Rev/mm—
50 -25 0 475 480 -50 -25 0 +25 +50
DPE Motif 7
v 08 d == D. mel.
S [ ] == C. ele.
)
% _60- H. sap.
() =
g 8_) 50
Q O
Z O 40.

25 0 425 450

Motif 8 -500 0 +500
[¢D)
g 0.06- 0.05"
= % On
o) _ X
S 0p]
O._ .
o 3-0.05
® .
:>(’ -0.1=
0- 1 1 1 1 1 Y - A - -
80 25 6 +75 480 80 25 0 +25_ 450 -500 0 +500
Position Relative to TSS Position Relative to TSS Position Relative to

, . e For./Rev. TSS Midpoint
Divergent Forward mmmm Divergent Reverse = Unidirectional



Supplementary Figure 3. Relationship of D. melanogaster core promoter motifs
to transcription initiation directionality.

a. Motif scans of D. melanogaster core promoter motifs for promoter NDRs with
significant initiation in the forward direction only (Unidirectional, orange; n = 2764)
and promoter NDRs with significant forward and reverse initiation levels (Divergent
Forward, blue; Reverse, black; n = 441). b. Average ChIP-exo signal for Motif 1
Binding Protein (M1BP) at unidirectional (orange, n = 2764) and divergent (blue, n =
441) promoter NDRs. c. Sequence model scores for D. melanogaster divergent
promoter regions whose forward- or reverse-directed core promoter sequences are
positive for TATA or DPE motifs (see Methods; For. with DPE, n=150; Rev. with DPE,
n=115; For. with TATA, n=55; Rev. with TATA, n=50; all Divergent promoters, n=441).
d. Positional averaged analyses of GC percentage (top) and GC skew (Bottom) in 50
bp sliding windows relative to midpoints between forward and reverse TSS modes for

promoter NDRs containing significant forward and reverse TSSs.
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Supplementary Figure 4. Variation of promoter chromatin architecture across
species.

a. Expressed promoter NDR width distribution based on ATAC-Seq peak calls. b.
Distributions of TSS positions relative to NDR edge (negative numbers indicate the
TSS is downstream of the NDR edge and outside the NDR ATAC-seq peak, positive
numbers indicate the TSS is upstream of the NDR edge and inside the NDR ATAC-
Seq peak). Black dots represent median values. c. Average analyses of histone PTM
ChIP-Seq signal relative to midpoints of promoter NDRs containing significant

forward and reverse TSSs.
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Supplementary Figure 5. Transcription initiation directionality in negatively-
selected STARR-Seq regions.

a. Forward versus reverse direction PRO-cap counts for intergenic NDRs that do not
intersect STARR-seq peaks and have at least one count on one strand. b. Forward
versus reverse direction cap-selected PRO-seq counts for promoter NDRs that do
not intersect STARR-seq enhancer peaks and have at least one count on one strand.
c. Chromatin state coverage plot for promoters that do not intersect STARR-seq

peaks.
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Supplementary Figure 6. Distal enhancer NDR characteristics.

a. Average analyses of histone PTMs ChIP-Seq signal relative to midpoints of
intergenic NDRs intersecting at least H3K27ac and H3K4mel peaks. Y-axis heights
are set to be the same as for promoter regions (Figure S3C). b. Total PRO/GRO-cap
count distributions for distal NDRs intersecting H3K4me1l only (n = 12,408(Hs);
802(Dm); 484(Ce)), H3K4mel and H3K27ac only (n = 1,002(Hs); 284(Dm); 722(Ce)),
H3K4mel, H3K4me2 and H3K27ac only (n = 7,324(Hs); 225(Dm); 741(Ce)), or
H3K4mel, H3K4me2, H3K4me3 and H3K27ac (n = 7,231(Hs); 119(Dm); 941(Ce)),.
Black dots represent median values. c. Gene Ontology Biological Process analysis
for transcripts that harbor active intragenic enhancers (top) and those that do not

(bottom).
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Supplementary Figure 7. Predictive models of transcription initiation
directionality.

a. Same as Figures 6A and 6B but for bidirectional (stable-stable) promoters
containing significant forward and reverse levels (n = 1597). Predictions of
directionality type and level were made based on the model learned on divergent
(stable-unstable) promoters. b. Regression coefficients learned when training the
model on all promoter regions (same model as in Figure 6A). c. Regression
coefficients learned when training the model on all enhancer regions (same model as

in Figure 6B).



H. sap.

ATAC-Seq | Dist. (F) | Dist.(R) | Seq.(F) | Seq.(R) EX%‘;SS'
Dist. (F) 0.15
Dist. (R) 0.2 0.26
Seq. (F) 0.14 0.16 0.01
Seq. (R) -0.10 0.01 0.20 0.12
Expr. (F) 0.09 -0.26 -0.01 0.45 -0.02
Expr. (R) 0.09 0.03 0.00 20.03 0.45 0.23
D. mel.
ATAC-Seq | Dist. (F) | Dist.(R) | Seq.(F) | Seq.(R) EX‘Z::‘;SS'
Dist. (F) 0.01
Dist. (R) 0.14 0.14
Seq. (F) -0.00 -0.11 -0.02
Seq. (R) 0.03 0.05 0.14 0.07
Expr. (F) 0.28 -0.35 -0.07 0.45 -0.02
Expr. (R) -0.00 -0.04 0.3 -0.08 0.39 0.09
C. ele.
ATAC-Seq | Dist. (F) | Dist. (R) | Seq.(F) | Seq.(R) Ex'zlr:‘;ss'
Dist. (F) 0.19
Dist. (R) 0.22 0.21
Seq. (F) 20.07 0.24 20.05
Seq. (R) -0.08 -0.02 0.20 0.04
Expr. (F) 0.29 -0.16 0.02 0.52 -0.03
Expr. (R) 0.18 -0.04 0.16 0.02 0.50 0.09

Supplementary Table 1.

Full partial correlation table between total PRO/GRO-cap counts (Expr.), ATAC-seq

signal, TSS distribution entropy (Dist.) and core promoter sequence score sums

(Seq.) in forward and reverse directions for promoter NDRs with significant forward

and reverse TSSs.
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ATAC- H3K27ac H3k27ac | H3K4me3 | H3K4me3 | H3K4me2 | H3K4me2 | H3K4mel
Seq (F) (R) (F) (R) (F) (R) (F)
H3K27ac
It -0.02
H3K27ac
o -0.03 0.49
“3“(,‘2;“"3 0.05 0.41 -0.18
“3%;“"3 0.03 0.2 0.47 0.25
“3"(,‘2;“"2 0.00 0.12 -0.06 0.18 0.03
“3%)“‘*2 0.09 -0.04 0.08 0.02 0.42 0.1
RSt 011 | 021 | 008 | -021 | -002 | 061 | -005
Ry | 006 | 005 | 017 | -002 | 041 | 003 0.5 0.11
D. mel.
ATAC- H3K27ac H3k27ac | H3K4me3 | H3K4me3 | H3K4me2 | H3K4me2 | H3K4mel
Seq (F) (R) (F) (R) (F) (R) (F)
H3K27ac
e 0.04
H3K27ac
e 0.11 0.34
“3"(,‘2;“"3 -0.02 0.49 -0.19
“3%)“‘*3 -0.08 0.1 0.55 0.36
“3';‘2;’"‘*2 0.17 -0.07 0.04 0.48 -0.06
“3%')“‘*2 -0.09 0.02 0.09 -0.18 0.38 0.35
ANt 008 | -001 | 004 | 037 | 012 | 043 0.2
Ry Y| 025 | 001 | 017 022 | -052 | -021 | 0.33 0.49
C. ele.
ATAC- H3K27ac H3k27ac | H3K4me3 | H3K4me3 | H3K4me2 | H3K4me2 | H3K4mel
Seq (F) (R) (F) (R) (F) (R) (F)
H3K27ac
= 0.18
H3K27ac
& 0.16 0.59
“3"(2;“93 0.12 0.28 -0.15
“3%;“"3 -0.17 -0.11 0.38 0.25
“3“(,‘2;“"2 0.12 0.23 -0.20 0.16 0.1
“3%;“"2 -0.00 -0.20 0.26 -0.01 0.19 0.71
e 0.08 0.03 0.02 0.15 025 | -0.05
asemel ! 006 | 002 | 003 | -003 | -00L | 003 | 025 | 0.33

(R)




Supplementary Table 2.
Full partial correlation table for active promoter histone PTMs and ATAC-Seq in

forward and reverse directions for promoter NDRs with significant forward and

reverse TSSs.



