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Supplementary Materials
Materials and Methods

Cell line engineering

Cell lines were generated from human osteosarcoma (U20S) cells. These were grown at
37°C, in a water-saturated atmosphere containing 5% CO,. Complete low-glucose DMEM
(DMEM-C) was used as culture medium: This is composed of Dulbecco’s Modified Eagle
Medium (21885-025) with 1 mg/ml glucose, supplemented with 1% penicillin/streptomycin
antibiotics (15140130) and 10% fetal bovine serum (FBS) South American origin
(L10270106) all from Life Technologies (Carlsbad, CA). Cells were harvested by detaching
them with Trypsin (15400-054) from Life Technologies (Carlsbad, CA). Transfections were
carried out using Fugene 6 (11814443001) from Roche, according to the supplier's
recommendations.

Dendra2 cell line engineering

U20S cells were transfected with a plasmid encoding unfused Dendra2 and kept under
selection with geneticin from Life Technologies (10 131-027) for 2 weeks. We picked
Dendra2, as it is a protein that is known not to cause artefactual clustering when fused to
other proteins (24) and characterized as a better choice (compared with alternatives) for its
single-molecule photo-stability (25). After harvesting, cell aggregates were discarded after a
selection in a cell sieve of 40 pm and a solution of 1 million cells per milliliter of PBS was
used for sorting. Low—expression level cells (500 000) were collected in a solution of PBS +
10% FBS, in tubes precoated overnight with pure FBS, before being cultured in 10-cm-
diameter petri dishes.

To select the appropriate low—expression level in Dendra2-alone cell line, cells were sorted
with a fluorescence-activated cell sorter (FACS ARIA III, BD Bioscience) with particular
care of selecting not only in function of the cells relative size or granulosity (reflecting the
shape and “health” of the cells), but also in function of their fluorescence level, reflecting
the fluorescent protein expression level. Low fluorescent cells were selected, choosing the
fluorescence level just above the fluorescence of wild-type cells.

Dendra2-Pol 11 and Halo-Pol 11 cell lines engineering

Plasmids coding for alpha-amanitin—resistant RPB1 fused to Dendra2 (Dendra2-RPB1Amr)
or to Halo (Halo-RPB1Amr) were generated by replacing the yellow fluorescent protein
(YFP) containing fragment in the YFP-RPB1Amr plasmid described previously (4) with the
Dendra2-containing (or the Halo tag—containing) fragment from plasmid Dendra2C1 (home
cloned) using restriction enzymes Hpal and Sacll. U20S cells were grown to 70%
confluence in a 6-cm petri dish and transfected either with the Dendra2-RPB1Amr or the
Halo-RPB1Amr plasmids. The next day, cells were split into three 10-cm dishes, containing
respectively 70%, 20%, and 10% of the cells. Selection was carried out by using 2 pg/mL
alpha-amanitin (A2263) from Sigma-Aldrich (St. Louis, MO). Upon the formation of
distinct colonies, these were picked and grown separately in DMEM-C supplemented with
alpha-amanitin to a concentration of 1 pg/mL. Cells were screened for expression of
Dendra2-RPB1 or Halo-RPB1 by microscopic observation; the selected cell lines were
further tested by Western blot.



Flavopiridol, serum-starvation, and serum-induction experiments

For flavopiridol treatment, the cells were grown in the normal culture medium before
transferring to an L-15 (Leibovitz) medium from Sigma-Aldrich (St. Louis, MO),
supplemented with 10% v/v FBS, that we used as imaging buffer for live-cell PALM
acquisition. Five minutes before imaging, the L-15 imaging buffer was supplemented with 5
uM flavopiridol hydrochloride hydrate (F3055) from Sigma-Aldrich (St. Louis, MO).

For serum starvation and inductions, cells grown in the normal culture medium
containing 10% FBS (described above in the Cell line engineering section), were transferred
to serum-free medium for overnight culture at 37°C. For imaging under a serum-deprived
condition, pure L-15 buffer without FBS was used. For serum-induction, the L-15 medium
was supplemented with 20% FBS, 10 min before acquisition.

Fixation and antibody staining

Cells were fixed in 4% Paraformaldehyde (15714) from Electron Microscopy Sciences
(Hatfield, PA 19440) in PBS for 10 min, permeabilized with 0.5% v/v Triton X-100 (2000-
B) from Euromedex (Souffelweyersheim, France) in PBS with 0.5% Tween20, for 3 min
and incubated in Glycine (100mM) for 10 min in PBS with 0.5% Tween20. After saturation
with 3% BSA (A3059) Sigma-Aldrich (St. Louis, MO) in PBS with 0.5% Tween20, cells
were stained by primary antibody for CTD-RPB1 (ab52202) from Abcam (Cambridge, UK),
serine2, or serine5S-phosphorylated CTD-RPBI1 (clone 3ES8), which were kind gifts of Dirk
Eick (Hemholtz Zentrum Munich, German Research Center for Environmental Health —
GmbH- Institute for Clinical Molecular Biology, Himatologikum Marchioninistr. 25) with
an overnight incubation at 4°C. As secondary antibody, Cy'"'5 conjugated anti-rat (ab6565)
Abcam (Cambridge, UK) was used.

STORM specific fixation and nanobody labeling

Cells expressing YFP-fused RPB1 was prepared as described previously (4) and used for
fixed cells 2D direct stochastic optical reconstruction microscopy (STORM) (26,27). The
cells were plated on 35-mm round coverslips cleaned with PIRANHA solution to reduce
background to the dSTORM image. Fixation with PFA protocol was then performed as
indicated above. After washing with PBS, cells were permeabilized with Triton-X100
(Sigma- T8787) at 0.25% vol/vol in PBS for 10 min, then washed twice in PBS. An
additional 30-min incubation of the cells in 4 drops of Image-iT FX (Invitrogen - 136933)
was performed to reduce background due to unspecific binding. A blocking buffer (PBST
/1%BSA Sigma A7906/4% horse serum Jackson Immunoresearch 008-000-121) was used
for incubation for 45 min, followed by a 45-min incubation with 50 ng/ml anti-GFP
nanobody (Chromotek-GFP- Trap protein ACT-CM-GFPTRAP, recognizing GFP and
YFP) attached to Alexa 647; the nanobody was prepared using a protocol described
previously (28). The cells were then washed 3 times with PBS before imaging.

Combined FISH-dSTORM sample preparation

Cell cultures were transferred into collagen (Gibco) coated culture plates and maintained in
DMEM, supplemented with 10% FBS. The culture medium was removed 1 day after passage to
start serum starvation, the cells were washed with PBS and fresh medium containing no FBS was
added for 24h. The Halo-Pol II cells were then labeled with HaloTag TMR Ligand (Promega),
following the supplier’s protocol, for ASTORM imaging. The culture medium was removed and
fresh medium containing 10% FBS was added for 20min before fixation.

In situ hybridization was performed as described previously (29). The formamide concentration
was 40% in hybridization and washing mixture. The sequence of B-actin probes were the



following (1 stand for amino-allyl T):

betaactE3  AITGTAGAAGG1GTGGTGCCAGALITTTCTCCATG1CGTCCCAGTTGG1GA
beta actE4_1 GCC1GGATAGCAACGIACATGGCTGGGGIGTTGAAGG1CTCAAACAL1GAT
beta actE4_2 GAAG1CCAGGGCGACG1AGCACAGCT1CTCCTTAATG1CACGCACGATIT
betaactE5 A1GTCCACGTCACACITCATGATGGAGITGAAGGTAGITTCGTGGA1GCC
betaactt6  1AACGCAACTAAGTCA1AGTCCGCC1AGAAGCATT1IGCGGTGGACGA1GGA

The modified oligonucleotide probes for RNA FISH were synthesized by Eurogentec.
Probes were labeled with Alexa488 (Life technology) following the protocol of the supplier.
0.5ng of each probe was used for hybridization.

Combined FISH and dSTORM Imaging

Cells were first imaged in PBS for FISH acquisition. A z-axis nanopositioner stage (Mad
City Labs Inc.) was used to perform z-stacks covering the whole cell, with a distance step of
12 nm. A 488-nm laser was used to excite the FISH probes, and the luminescence of the
Alexa488 dyes was collected on the CCD camera after filtering through an emission filter
(Semrock FF01-525/30). After FISH acquisition, an image of the ensemble fluorescence of
Pol II-Halo tag-TMR was taken using a mercury lamp as excitation source, filtered with an
excitation filter (Semrock FF01-560/25), and an emission filter for the TMR fluorescence
(Semrock FF01-607-36). Prior to the dSTORM acquisition, the PBS of the sample was
exchanged with the reductive buffer described previously (ISTORM buffer), and the stage
was positioned in the z-plane where one nascent transcription site had been observed after
FISH acquisition. dSTORM acquisition was performed as described above, with 561-nm
and 405-nm lasers for excitation and activation, respectively, of the TMR fluorophores.

Western blot analysis

Western blotting was optimized so as to separate the labeled mutant (Dendra2-RPB1) from
unlabeled RPB1. To prevent excessive dephosphorylation of RPBI1, cells were lysed by
scratching in boiling SDS-loading Buffer, 1X LDS Sample Buffer (NP0007) from Life
Technologies (Carlsbad, CA) complemented with 50 mM DTT. The total volume of buffer
used for each plate was determined according to the number of cells on the plate, so as to
obtain a concentration of ~5 million cells per milliliter. Volumes corresponding to equal
amounts of total numbers of proteins were loaded on different lanes of a Nupage Novex 4-
12% BIS-TRIS gel (NP0321BOX) from Life Technologies (Carlsbad, CA) migrated for 48
hours at 4°C and 80 V in a Nupage SDS MOPS Running Buffer (NP0001) from Life
Technologies (Carlsbad, CA) then transferred to nitrocellulose membrane (10 401 396)
from GE Healthcare Life Sciences (Piscataway, NJ) for 1 hour at 32 V, at room
temperature (23°C). The membranes were stained using an antibody (Ab522002) from
Abcam (Cambridge, UK) at dilution 1/1000, directed against the C-terminal domain of
RPBI. Incubations were followed by secondary antibodies, goat anti-rabbit IgG conjugated
with horseradish peroxidase (HRP) (W4011, Promega, Madison, WI). Signals were detected
by ECL chemiluminescence using UptiLight HS WB Substrate (98490B-B Uptima) from
Interchim (Montlugon France). Bands were digitized with the LAS4000 luminescence
detector from GE Healthcare Life Sciences (Piscataway, NJ).

Image analysis and PALM reconstruction



Single-molecule detection and reconstruction of two-dimensional super-resolution images
was performed as described (30). Raw images of single molecule signals were analyzed with
an adapted version of the multiple-target tracking algorithm (MTT) (31). For each frame, the
point-spread function (PSF) of spatially separated individual fluorophores was detected and
fitted to a two-dimensional Gaussian distribution. The centre of the fit yielded the position
of single molecules with nanometre accuracy (typically between 10 and 15 nm). For fixed
cells we used fluorescent beads (TetraSpeck microspheres) to correct for lateral drifts during
the acquisition by using a sliding window of 100 frames. Live-cell acquisitions were
performed without beads so as to avoid any ambiguity or contribution from bead
fluorescence in tcPALM analysis. Super-resolution images were rendered by superimposing
the position coordinates of the detected single molecules, represented with a 2D Gaussian
curve with the same intensity value, by using a standard deviation s that had been previously
determined by the localization accuracy of single fluorophores (typically 10 nm).

For tcPALM analysis, small rectangular regions of interest (ROIs), corresponding to
spatially clustered detections, are selected from “pointillist” map projecting all the detection
data from individual cells as generated with the MTT algorithm. For each cluster ROI, a
binary list (frame#, # of detections) was generated, representing each frame number and the
corresponding number of detections within that given ROI for that given frame. This
information was then represented in time-series (frame#, count of detection per frame) or
cumulative function (frame#, total count up to frame#). This representation is the individual
time-dependent cluster profile and the representation is later used for dwell time analysis.

For dwell-time analysis, bursting events were selected manually from individual
clusters by defining apparent burst start and end points in the cumulative detections. We
selected only the bursts of counts corresponding to more than 10 detections as we estimated
that those have less than 1% probability to arise from a single molecule (Fig. S4E). For the
live cell normal growth data presented in Fig. 2, for instance, on the basis of these selection
criteria, we obtained, on average, 1 burst per cluster; 7% of clusters were later discarded
from the analysis because their burst sizes were smaller than the selection cutoff.

Single molecule (PALM, tcPALM and dSTORM) imaging
Super-resolution PALM, tcPALM, and dSTORM image acquisitions were carried as
described previously (30), by using an inverted Nikon Eclipse Ti microscope with a 100x oil
immersion objective (N.A. 1.49). Activation and excitation lasers were combined in an
external platform; the combined beam was expanded and re-collimated with a beam
expander, and focused in the rear plane of the objective by using an achromatic converging
lens. Images were taken in wide-field configuration. Images were acquired with an Andor
iXon EMCCD camera with a pixel size of 16 um; the image pixel size was therefore 160 nm.
Movies of 10 000 frames were acquired at a frame rate of 50 ms under continuous
illumination for both, activation and imaging lasers. The z-position was maintained during
acquisition by a Nikon perfect focus system (PFS); for fixed cells control samples, drifts in
the x/y-plane were corrected in the post-processing of the images (as described above).
For PALM and tcPALM, laser power densities on the sample were 1.6x10° kW/cm?® (405
nm) and 3.5 kW/cm® (561 nm). Single-molecule Dendra2 signals were separated with a 561
nm dichroic (Di01-R561-25636) and a single band 617 nm emission filter (FF01-617/73).
For direct STORM (dSTORM), cells were imaged in a reducing buffer composed of 50
mM MEA from Sigma-M6500, 30 mM glucose oxidase from Sigma- G6125-50Ku, 33 pg/ml
catalase from Sigma-02071, in 10% glucose. Images were later acquired in a wide-field
microscope (Nikon Ti), by shining a 640-nm laser light (Vortran Laser technology- 10645/B1)



onto the sample through a multiband dichroic filter (Semrock Di01-R405/488/561/635). The
images were acquired by using an EMCCD camera (Andor, DU-897E-CSo-#BV). The sample
was bleached with high excitation power (~3.3 kW/cm?), where the majority of the molecules
switched to the dark state, which allowed a lowered excitation power of 1 kW/cm? to enable a few
molecules to remain blinking in the field of view. Activation laser at 488 nm (Coherent Sapphire-
SAPPHIRE 488-500 CDRH) was used (~0.015kW/ cm”) to increase the number of blinking
points to achieve a constant number of activated molecules per frame (~200 detections/frame). Per
cell, 30000 frames were acquired. A filter (Semrock FF01-676/37-25) was placed in front of the
camera to detect only emission wavelength.



Supplementary Text

In order to analyse the spatial clustering of Pol II based on the detection patterns in PALM
reconstruction images (Fig. S3), we adapted the pcPALM (12, 32) approach that uses the
pair correlation function together with two models to describe the data.

The pair correlation function g(r) represents the ratio between the probability of
finding two points, within the given point process, at distance r from each other and the
respective probability under complete spatial randomness. In the case of complete spatial
randomness, the pattern of detections are represented by a spatial Poisson process, for which
the pair correlation function is g(r) = 1. However, because of fluorophore photophysics (for
example, single-molecule stochastic blinking during image acquisition), one may expect that
a single molecule produces a cluster of detection peaks owing to over-counting; in such a
case the detected peaks are normally distributed N (0, o). If the underlying spatial process
describing the position of the molecules is completely random, the pair correlation function
of the process associated to the location of the imaged peaks is given by (32)

an =g (Nlp+1 M

g™k (r) = (1/4n6”) x exp(—r*/ 4c %)

with

and p representing the average surface density of molecules.

We consider the model in eq. 1 our null hypothesis, describing spatial randomness of
the molecules’ positions.

The pair correlation functions g(r) for four datasets (two primary data on Pol II, in
fixed and live cells, respectively, and two control data sets of Dendra2, in fixed and live
cells, respectively) were computed directly from the 2D detection coordinates of a selected
sub-region. The sub-region was selected such that empty spaces, including nucleolar regions,
were specifically avoided. The null hypothesis model is fitted to the four datasets.
Subsequently, we perform an envelope test to assess the goodness of fit, by generating
independent simulations of point patterns with the parameters determined from the fit. If the
empirical g(r) computed from the data falls within the envelope of simulated patterns for the
null hypothesis, the null hypothesis is upheld: this was the case for both Dendra2 live and
fixed samples, as presented in Fig. 3, A and B, respectively. If, on the other hand, the null
hypothesis is rejected, among several alternative models we choose the one proposed in the
original pcPALM manuscript (12).

9 =g (N/p + (A exp(-T/&) + 1) * g™ (), 2

where * denotes the convolution operator. This model is fitted to the data in order to
estimate the parameter & which represents the average radius of correlation for the clusters.

For the fixed Pol II data, a processing step was applied consisting of replacing
molecules closer than 50 nm in successive frames with one molecule located at the averaged
position of these molecules (12). Here, the pre-processing might be needed because in fixed
cells multiple scales of clustering are observed; for the other datasets no such processing was
required for the correlation g(r) to be fitted to either Eq. 1 or Eq. 2. The fit of the model
defined by Eq. 2 to the Pol II fixed and live cell data are plotted in Fig. S3, C and D,
respectively.

The computation of point correlation functions was performed by using the R
package spatstat (33), while the models were fitted by using the trust-region method
implemented in the Curve Fitting Matlab toolbox.

The parameters o, p, &, A for all fits are summarized in Table S1.
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Fig. S1: New cell line enables high-resolution spatiotemporal characterization of Pol |1
in live cells.

(A and B) Cells are viable by replacing endogenous RPB1 with Dendra2-RPB1; Western
blot separates endogenous from mutant RPB1 (A) with little evidence of endogenous RPB1
return after toxin (o-amanitin) is removed. (B) Cells survive in o-amanitin, a toxin that
degrades endogenous RPB1 (B, inset) suggesting cells remain viable by functionally
utilizing the mutant RPB1.

(C) Identical fixed cells immuno-stainings are obtained on control U20S and our mutant
U20S stably expressing Dendra2 labeled Pol II. Antibodies targeting RPB1's C-terminal
domain (CTD), and phosphorylated (7) CTD serine5S (CTD-S5P) and serine 2(CTD-S2P) are
tested. The non-homogeneous distributions of Pol I observed are consistent with previously
reported non-homogeneous distributions by using comparable antibody stainings of Pol II in
various cell types (1, 4, 7, 34-37).

(D and E) 405-nm-dependent photo-conversion is consistent with Dendra2-labeled Pol II in
a living cell. Fluorescence intensity is plotted (for a small ROI in the nucleus) while the
living cell is subjected to specific laser illuminations [in (D), illumination start points are
indicated by arrows]; and for the same cell, a montage of the fluorescence intensity in a
region centred around the nucleus, shows nuclear localization of the photo-converted
dendra2 fluorescence consistent with Pol II localization (E). Time stamps in (E) are in white
at the top left corners, and the red rectangle depicts the intra-nuclear region used for (D).



Fig. S2A. Pol 11 PALM super-resolution in fixed cell.

PALM super-resolution reconstruction of Dendra2-RPB1, in a region centred around the cell
nucleus, shows non homogeneous distribution of Pol II; red-hot color code was used to
represent the density of detections; scale bar represents 5 pm. (Inset) a zoomed-in
representation of high-density (cluster) region; beads used for drift correction are denoted by
gray circles; inset scale bar represents 500 nm.



Fig. S2B. Pol Il STORM super-resolution in fixed cell.

An alternative super-resolution approach to PALM, direct Stochastic Optical Reconstruction
Microscopy (dSTORM) (26, 27), was used to image Pol II distribution in U20S cells. As
conventional antibodies against Pol II (e.g. the immunostainings in Fig. S1C) have up to 52
potential binding sites in the CTD of RPB1, which complicate cluster interpretations, we
sought to investigate an approach based on a nanobody (28) that recognizes the yellow
fluorescent protein fused to RPB1. The nanobody in turn was labelled with Alexa 647
enabling STORM imaging.

The STORM reconstructed image shows non-homogeneous distribution of Pol II in
the fixed cell, in agreement with PALM imaging. In the representation above, red-hot color
code was chosen to represent the density of detections and the scale bar corresponds to 5 pm.
(Inset) a zoomed-in representation of a high-density region; inset scale bar represents 500
nm. However, we cannot rule out in this experiment that some YFP-RPB1 may not be
accessible to the nanobody. Furthermore, fundamentally different fluorophore blinking
photophysics of the Alexa 647, inherent to the STORM approach, limited us from further
quantification as we had been able to do with PALM Dendra2-RPB1.
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Fig. S3. Spatial clustering of Pol Il distinct from single molecules revealed by pair-
correlation (pcPALM) analysis.

Represented are pair correlation analyses for Dendra2 alone in fixed cell (A), Dendra2 alone
in live cell (B), Dendra2-Pol II in fixed cell (C), and Dendra2-Pol II in live cell (D).

See supplementary text.

10



A 3 FIXED (control) B C —m— Fixed cells clusters (control)

©n —e— Live cells clusters (normal growth)
8 —a— Live cells clusters (serum-induced)
B 14 I Live Cells
g [ Fixed Cells T
3 L AE

5 01 T 10004

o © 1004

> “ f
£1000 T o001 e o
> =3
o N 2
S 750 = =
v 4
£ 500 static, £ ooon g |
E 250 monotonic signature =z 00001 g 104
S ol "0 30 60 9 120 150 180 210 £ O 20 40 60 80 100

0 100 200 300 400 500 Inter-detection period (sec) Maximum blinking cut-off (frames)
Time (s)
D —u— Fixed cells clusters (contro) E Serum-induced Pol Il bursts (Live)
Pol Il burst size distribution (Live)

—e— Live cells clusters (normal growth)
—A— |Live cells clusters (serumrinduced)

Dendra2 alone (Live, control)
Dendra2 alone (Fixed, control)

1.000

v
5 0.500 0.7
f 100 2
> 3
§_ — 2 0.100 2 o
€ = 0.050 o
=} A o o
<] & <
v £ o ' 0 200 400 600
£ 0.010 ;

g A <] Burst size ( counts)
2 4 & 0.005 __\\L
] &
> ) -
P . 0.001 . . . . i Sepea

10 50 100 150 200 250 300

0 20 40 60 80 100

Burst size (counts per burst
Maximum blinking cut-off (frames) v ze (counts p urst)

Fig. S4. Burst analyses separate live cell temporal clusters from static clusters and
single-molecule stochastic detections

Samples of clusters from fixed and live cell PALM data have been selected to develop
tcPALM burst analysis.

(A) Example of Pol II cluster profile from a fixed cell showing a gradual, monotonic
cumulative-detection function which is characteristic of a static cluster stochastically
activated over time followed by a gradual plateau likely representing exhaustion
(photobleaching) in the pool of activated molecules.

(B) Live cell cluster data (as for example, in the main Fig. 2, A-D) has significantly longer
dark times (periods separating frames with a detected particle) compared to fixed cell
clusters. Significantly larger dark times in live cells, compared to fixed cells under identical
condition, are consistent with polymerases that are highly transient, and did not stay static
for a full saturated detections. A larger inter-detections period suggests a burst separation
based on a “cutoff dark time” may be possible, i.e. an analysis based on a maximum number
of dark frames allowed for consecutive detections in a time-series to be considered as part of
the same burst.

(C) The dark times observed (for example in Fig S4B) may be in part be due single-
molecule fluorophore photophysics (blinking or intensity fluctuations); such events would
significantly affect the number of bursts detected in an automated burst selection depending
on the cutoff parameter chosen. Therefore we sought to find if there was an optimal cutoff
range for which the inherent kinetics (at least in live cells and serum induced live cell data)
would not be affected significantly (i.e. a plateau in this representation). To find an optimal
cutoff, we performed automated tests on fixed and live cell PALM cluster data, and
calculated the average number of burst detected per cutoff parameter. As it is a region
relative invariance (i.e. a plateau in the readout, and not the exact amplitude) which was of
interest to us in this graph [and in (S4D)] we sampled different numbers of clusters to
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overlap the curves for better visualization: for 104 Pol II clusters in live cells, we overlapped
88 Pol II in serum induced clusters and only 20 Pol II clusters from fixed cells because there
were significantly more detection counts per clusters in fixed compared to live cells as could
be evidenced by comparing the examples in Fig. S4A and Fig. 2, A-D. We were satisfied
with a cutoff of 10 dark frames because drastic fluctuations in the readout (here the number
of bursts detected per cluster) stabilized on all samples by 10 dark frames cutoff (vertical
dashed line).

(D) To test further the original hypothesis that a cutoff based detection can uniquely separate
bursts in live cells independently of the cutoff parameter, we computed the average count
per busrt detected in sampled data sets as a function of cutoff (here only bursts of at least 10
detection counts were included for single molecule arguments explained in the next part
S4E). We observe that the live cell clusters indeed reached a plateau suggesting the average
size of detected bursts was independent of the cutoff parameter. This plateau was sustained
up to one order of magnitude beyond our selected blinking cutoff of 10 frames. The fixed
cell data on the other hand remained highly sensitive to the cutoff, with a steep increase
suggesting that as longer dark time is allowed within a burst, one would continuously
associate different stochastic detections into a single burst without the ability to uniquely
separate detections in fixed cells, as data from live cells would allow. These results suggest
that a cutoff based burst analysis is suitable for our live cell data, but a burst analysis does
not make sense for the fixed data of completely static Pol II clusters.

(E) Burst detection analysis reveals temporally clustered Pol II in live cell (blue) and serum
induction (red) have statistically larger detection counts than single Dendra2 fluorophores
(black and green). To investigate the distribution of bursts counts from individual Dendra2
fluorophores, we engineered a cell line expressing the fluorophore alone not fused to any
other protein (see Methods section). We acquired data in both live and fixed cells and
obtained localization points in both experiments. Under identical detection settings, the rank
order distributions of the burst sizes detected from the individual fluorophores (equivalent
to: 1- Peumul Where Peymu 1s the cumulative probability distribution of all detected burst sizes)
is compared to the Pol II live cell burst data. We see a clear dissimilarity between Pol II and
Dendra2 distributions, suggesting that Pol II temporal clusters are clearly distinct from any
possible fluorophore photophysics. We note that based on the distribution of the Dendra2
bursts, there is less than 0.001 probability (0.1%) for the bursts of more than 20 counts (such
as those observed for live cells in the main Fig. 2, A-C) to come from any unusually long
lived single-molecule detection. From this data, we observe that imposing a selection criteria
based on the burst size would allow us to minimize the chance of miss-assignment of cluster
from single molecule detections; however since live cell clusters are transient we might miss
some short lived clusters. We found 10 counts to be a suitable minimum burst size as it
represents a probability of less than 1% of coming from a single molecule. This means
however that we may not be analysing a number of short lived Pol II clusters which do not
stay assembled long enough for accumulating more than 10 counts under our PALM data
acquisition settings.

(Inset) Histograms of the probability distribution comparing Pol II cluster sizes under serum
induction and normal growth are presented. These distributions show a drastic increase in
the higher detection counts of burst, suggesting that serum-induction has significantly
increased Pol II cluster bursts, consistent with what is observed by comparing the

cumulative counts in the detection profiles represented in Fig. 2 and Fig. 3 of the main
manuscript.
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Fig. S5. Serum-deprived Pol 11 clustering Kinetics.

(A) The distribution of cluster lifetimes from serum-starved cells is presented. The average
dwell time obtained was 8 (£ 2) s, more comparable to normal growth [5.1 s] than serum
induced [49s] cells. (B) The distribution of burst sizes yield an average of 37 (+ 4) counts,
with bursts rarely spanning above ~100 detection counts, more comparable with normal cell
bursts (main Fig. 3D, blue/inset) than serum induced bursts (main Fig. 3D, red); CoV
denotes the coefficient of variation obtained for the distribution. Here, 77 Pol II cluster loci
were obtained and analysed from 4 cells that were serum-deprived overnight and imaged in
serum-free medium. Overall these results suggest that the orders of magnitude changes in
clustering dynamics observed with serum addition (main Fig. 3) are attributable to serum-
induction only changes in cell state, and not serum-deprivation.

13



Wide-view Zoomed-in Intensity plot

<
=
(==
£
[ o
=
%)
"
m
il
QU
[aa]
< 9
s =
5 E
ﬁr
c
=8
—_—
-3
S E
e
c =
e o
=5
2735
m wv
< g
L
=9
o o
o 3
a

Merged
mRNA (green) - Pol Il (red)

Fig. S6: Fluorescence in situ hybridization (FISH) nascent RNA visualization of serum-
induced Beta-actin gene locus.

(A) Upon serum-induction, site of nascent transcription of endogenous beta-actin gene can
be observed in fixed cells by using FISH (38, 39) (B) Diffraction-limited fluorescence
imaging shows Pol II enrichment around transcription site (C) Super-resolution (direct
STORM) (40) imaging of Pol II in the vicinity of transcription site. (D) Merged image of
beta-actin mRNA and Pol II STORM localizations. Arrows indicate nascent mRNA beta-
actin transcription site as determined by FISH. We note here that due to different imaging
conditions between FISH and STORM, and given the protein-denaturing nature of FISH
labeling in fixed cells, we could not find an optimal condition for all imaging. Nevertheless,
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these results demonstrate Pol Il accumulation at the transcription site of an active serum-
induced gene.
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Fig. S7: Sliding-window illustration of the spatial distribution of Pol Il bursting events
within a cluster locus.

(A) Scheme of the sliding-window parameters (not to scale). A full projection, representing
every detection for all 10000 frames (500 s), is represented in red (top). A sample window
representing the projection of only detections within 500 adjacent frames (25 s) is computed
from the first frame, and tiled for the equivalent window (same size) every 2.5 s afterwards.
(B) Images representing the full projection coordinates (in red) and the respective window
coordinate (in green). Aggregates of detections do not seem to diffuse but rather appear and
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disappear in temporally distinct bursts even as their loci are adjacent and may appear as one
larger aggregate when projected on the total background. We add a cautionary note that a
sliding window analysis on PALM is not the same information as the real-time
spatiotemporal distribution. While this can give powerful insights on any evidence from
slow drifts or diffusions (41), it could also be particularly misleading for interpreting
transient dynamics . For example in the pictures above individual bursting events seemingly
staying on for 10 consecutive frames could very well have appeared or disappeared within a
few frames [note that 10frames = window size (25s)/ step size (2.5s)] which tcPALM
reveals.
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Fig. S8: Initiation-dependent clustering model.

Model whereby local crowding of Pol II may help in the initiation steps of transcription but
clusters need not stay assembled throughout elongation.
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Table S1. Parameters estimated from the best-fitting model to the data. ¢ and & are given in
nanometer, A in counts, and p in counts per pixel (of 160 nm). Errors represent standard
error on the fitted value.

Data _

Best fit o (nm) p & (nm)

model
Dendra fixed | Eq.l 42 +2 0.03 - -
Dendra live Eq.1 45 +2 0.38 - -
Pol 11 fixed Eq.2 41 +1 0.01 94 +£5 1.7
Pol 11 live Eq.2 43 +1 0.54 220+ 17 1.6
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