
















Sup. Fig. 3: Euclidean distances distribution versus mRNA, Ser5ph-
RNAP2, and CTD-RNAP2 normalized intensities. Euclidean distance between
Ser5ph-RNAP2 and mRNA (left panel), CTD-RNAP2 and mRNA (middle panel), and
Ser5ph-RNAP2 and CTD-RNAP2 (right panel) versus the normalized intensities of
(a) mRNA, (b) Ser5ph-RNAP2, and (c) CTD-RNAP2 for all the cells analyzed. Each
cell corresponds to one color. n=number of cells/number of independent experiments.
Correlation coefficient (r) and p-values (p) as, p≤ 0.05 (*), p≤ 0.01 (**), and p≤ 0.001
(***) were calculated using the “corrcoef” function in MATLAB.
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Sup. Fig. 4: Parameter sensitivity analysis. Metropolis-Hastings algorithm was
run to determine posterior uncertainty of model parameters given the experimental
data. Plots on the diagonal show the marginal posterior parameter distributions for
each parameter (MLE parameter estimate denoted by red dashed line) and off-diagonal
plots show the joint posterior parameter distributions for all pairs of parameters (MLE
parameter combination denoted by black marker, and high posterior parameters den-
sities are shown in orange).
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Sup. Fig. 5: Simulated trajectories and ChIP predictions. (a) Stochastic simu-
lation for the number of nascent mRNA per transcription site (blue line), total number
of RNAP2 at transcription site (red line), and number of RNAP2 in cluster near tran-
scription site promoter (red shading). Periods with ≥ 10 RNAP2 at the transcription
site cluster (gray shading) are classified as ‘ON’ (14.0% of total time); periods with
no RNAP2 at the cluster are classified as ‘OFF’ (42.9% of time); and periods with in-
termediate levels of RNAP2 in the cluster are classified as ’transient’ (43.1% of time).
Note that for clarity these simulations do no include the experimental shot noise used
to simulate actual measurements (as in Fig. 3f, for example). (b) Simulated ChIP
data as predicted using the model for: (Top; Strong Activity) average spot during
an ON period; (Middle; Medium Activity) average spot during a transient period;
and (Bottom; Low Activity) average spot during an OFF period. Each stochastic
simulation was run for 120,000 minutes and sampled at 40 minute intervals to ensure
de-correlated points. To estimate RNAP2 loading at the inner bins, an elongation
rate of 4.1 kb/min was assumed and used to get the fraction of time spent elongating
versus processing of the total RNAP2 residence time. This fraction of elongation time
was then distributed from the final bin uniformly to the middle bins and is represented
by the middle numbers of bins Pt3-8. (c) Average simulated RNAP2 ChIP over all
times including all ON, OFF and transient periods.
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Sup. Fig. 6: Graphical User Interface (GUI) for the transcription model. To
facilitate the simulation of transcription dynamics at a single-copy gene, the model
described in the main text has been incorporated into a MATLAB toolbox. (a) This
graphical user interface (GUI) is divided into eight upper tabs, and input boxes for
specification kinetic parameters. The GUI allows the simulation of intensity trajecto-
ries in each channel. (b) Sample display of simulated intensities normalized to the 95th

percentile and running averaged with a window of three time points. The GUI also
allows for display of auto-, cross-correlations, predicted minima from the experimen-
tal data previously loaded, prediction of ChIP distributions, and perturbed intensity
trajectories by blocking different steps of transcription in the model.
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Sup. Fig. 7: Predicted CTD-RNAP2, Ser5ph-RNAP2, and mRNA signals
by perturbing different steps in the mathematical model. Simulated molecule
counts for CTD-RNAP2 (red, upper panels), Ser5ph-RNAP2 (green, middle panels),
and mRNA (blue, bottom panels) by blocking: (a) β or ω, (b) kesc, (c) kesc and
30% kc, and (d) β or ω and 30% kc, and their respective analytical solution in each
plot (black curve). Simulated trajectories with mRNA molecule counts above the
analytical solution at time of inhibition are shown with colored lines. This was done
to simulate the experimental procedure of choosing transcription sites at the beginning
of an experiment where all three signals could be seen.
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Table S1: Derived Quantities and Confidence Intervals Resulting from Model
Fit to Data

Derived Quantity Formula Value (80% CI Range)

Average RNAP burst size β 15.4 (13.3-22.4)
Average RNAP burst frequency ω 0.43 (0.38-0.52) min−1

Average RNAP arrival rate r = ω · β 6.622 (6.131-9.974) min−1

Average time RNAP spends in cluster τCluster = 1/(kesc + kout) 0.692 (0.171-0.775) min
Average RNAP2 in cluster µCluster = r/(kesc + kout) 4.624 (1.7046-5.166)

Probability of RNAP2 in cluster to escape f = kesc/(kesc + kout) 0.4615 (.293-.511)
Average mRNA burst size βmRNA = f · β 7.11 (6.000-7.728)

Average mRNA production rate rmRNA = µCluster · kesc 3.083 (2.792-3.295) min−1

Average actively transcribing RNAP2 µmRNA = µCluster · kesc/kc 15.512 (14.668-16.352)
Average total RNAP2 at transcription site µTotal = µCluster + µmRNA 20.136 (17.048-20.989)

Average time for mRNA completion τmRNA = 1/kC 5.032 (4.795-5.440) min

Table S2: List of primers for ChIP-qPCR as shown in Figure 1. All primer
sequences are 5’ to 3’.

Primer Forward Reverse

Up GGATGACCCGGAGAGAGAAGTG AAGCAGCTGCTTATATGCAGG
TSS GCATATAAGCAGCTGCTTTTTGCC TCCCTGTTCGGGCGCCACT
Pt3 AAGGGAAACCAGAGGAGCTCTC CCCATCTCTCTCCTTCTAGCCTC
Pt4 CCATCCCTTCAGACAGGATCAGAAG GCTCTTCCTCTATCTTGTCTAAAGCTTCC
Pt5 GGAGGAGATATGAGGGACAATTGGA AAGGAACAAAGCTCCTATTCCCACT
Pt6 TGTCTGGTATAGTGCAGCAGCAG GCTGTTGATCCTTTAGGTATCTTTCCAC
Pt7 CTGTGCCTTGGAATGCTAGTTGGA TTCTTGCTGGTTTTGCGATTCTTCA
Pt8 TGGGCAAGTTTGTGGAATTGGT ATGGTGAATATCCCTGCCTAACTCT
Pt9 CAGGCCCGAAGGAATAGAAGAAGA ATTGCTACTTGTGATTGCTCCATGT
Pt10 GACCAATGACTTACAAGGCAGCT CCCTGGTGTGTAGTTCTGCCA
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Supplementary Movie 1. Dynamics of the cell presented in Fig. 2a, ex-
hibiting multiple cycles of transcription. Maximum projection of a 13 z-stack
three-color movie showing an exemplary H-128 cell, in which mRNA (blue),
and the RNAP2 Fabs targeting the CTD-RNAP2 (red) and Ser5ph-RNAP2
(green) at the transcription site (within dashed-white circle) of the HIV-1 re-
porter gene are co-localized. Raw and bandpass filtered crops for each signal
and merge (white) over time are shown in the insets. Images were acquired
every 1 min for a total of 200 min, shown here as a moving average (over three
time points). At select time points, various signals can be seen in the absence of
the others, confirming no fluorescence bleed through and demonstrating signals
are not perfectly synchronous. For example, t=30-40 min shows a strong burst
of all three signals, while t=162-165 min shows CTD-RNAP2 without Ser5ph-
RNAP2, t=51-54 min shows Ser5ph-RNAP2 without CTD-RNAP2, and t=149-
154 min shows mRNA without the other RNAP2 signals. Scale bar, 10 µm.

Supplementary Movie 2. Dynamics of the cell presented in Fig. 4a,
before and after the addition of 5 µM of TPL. Maximum projection of a 13
z-stack three-color movie showing an exemplary H-128 cell co-localizing mRNA
(blue), and the RNAP2 Fabs targeting the CTD-RNAP2 (red) and Ser5ph-
RNAP2 (green) at the transcription site of the HIV-1 reporter gene before TPL
application. Images were acquired every 1 min for a total of 35 min, shown here
as a moving average (over three time points). All signals quickly disappeared
within 10 min of exposure to TPL. Scale bar, 10 µm.
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