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Extended Data Fig. 7 | G4s contribute to CpG islands openness and activity. 
a- Selection of G4-containg and G4-depleted CpG islands. The selections were 
performed on the same number of sequences (2 x 1112) with similar length and 
GC content, with the indicated G4Hunter thresholds. For the groups to be of 
equal size, equivalent length and GC content the initial populations of CGIs with 
G4H>1.5 (21536) or G4H<1.2 (2191) were randomized to end up with 2 groups of 

1112 sequences. b- Heatmaps as in Fig. 4a for the selections presented in a.  
The DNAse data used here indicate more chromatin opening in the G4-containing 
group (ENCODE data for K562 cells, GSE32970). c- Average profiles of the group 1 
and 2 shown in a and b, zoomed over 4 kb. For Nucleosome density, both a  
20 kb and 4 kb windows are indicated to best show the differences in the 2 groups 
(observed essentially for the width of the NDRs).
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Extended Data Fig. 8 | See next page for caption.
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Extended Data Fig. 8 | Evidence for G4 formation at pG4s in model promoters 
in vivo and in vitro. a- G4access and CUT&Tag42 at model promoters. Signals 
were extracted from data obtained in mouse ES cell lines at indicated model 
promoters. Predicted G4s scored by G4Hunter G4H2.0 are indicated. Their 
sequences, used for promoter assays in single cells, are shown below the tracks  
in the zoomed areas. Each of the G tracks (n>1) are indicated in light 
blue. Complete sequences of the model core promoters are indicated in 
Supplementary Table 3. b- G4access, G4 cut&Tag as in (a) and ssDNA in vitro 
(mouse T cells) and in vivo at model promoters and zoom around the gene starts. 

G4Hunter annotations and model G4 sequences used in FISH are shown.  
c- In vitro assessment of G4 structures of model G4s using a dsDNA FRET-
MC assay. (left) Cartoon representing the principle of the assay. Template 
oligonucleotides are incubated in G4 folding conditions prior hybridization 
and completion of the FRET-MC competition assay. (right) Plot of the S Factor 
of dsDNA samples of wt and mutants as indicated. In this assay a score <0.35 
indicates a G4 is formed. Sequences of all oligonucleotides are provided in 
Supplementary Table 3. (n=2 technical replicates, means ±s.e.m).
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Extended Data Fig. 9 | G4 forming potential is involved in Eef1a1 model 
promoter activity. a- Representative images of long movie analyses. Long 
movies of MS2 reporter activity in WT and mutant cell lines as indicated. 
(Left) maximum image projections of selected 3-D image stacks from the 8h 
movies. The arrows indicate transcription sites. (Right) graphs display the 
corresponding quantifications of the movies, with the bars representing ON 
(green) and OFF (red) states. b- Survival functions describing transcriptional 
bursting at the model promoters and deconvolution indicating 2 fits to describe 
optimal function in the WT situation and 3 fits for both TATA and G4 mutants. 
c- WT promoters require 2 main steps for transcription, and mutant promoters 

3 main steps defined by 3- or 5-time constants, respectively. The values of the 
derived time constants (described in methods) are indicated in the right panel. 
d- Heatmaps of permissive (red) and non-permissive (blue) transcription periods 
for promoters of WT and mutant Eef1a1 G4mut2 in single cell live imaging 
(long movies, 8h, with stacks every 3 min). Each line represents an individual 
cell assessment. e- Box plots of ON and OFF period average duration in WT and 
G4mut2 promoters (measured in long movies). Computed P-values (two-sided 
Mann-Whitney test) are as follows: ****<1e−4. N= 204;869;169 and 857. Box and 
whiskers with median, upper and lower quartiles and +/− 1.5x inter quartile range.
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Extended Data Fig. 10 | See next page for caption.
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Extended Data Fig. 10 | Time course analysis of G4s stabilization by PDS  
effects on nucleosome exclusion and positioning, and Pol II pausing.  
a- FACS analysis of γH2AX levels following PDS treatment at the indicated time 
(n=3 biological replicates - different cultures, time and experiments, means 
±s.e.m). T24h is significantly different from t0 (Pval=0.0025) as assessed by a 
two-sided Student t-test. b- PDS influences Pol II pausing. Changes of Pol II  
pausing scores (see methods) in response to 10 µM PDS of all genes with 
detectable Pol II at promoters and gene bodies for 0,10, 30 and 60 min are 
displayed. Genes that have increased gene body signals with a P-value<0.05 
(DESeq) at t=10 min are highlighted in dark blue (t=10 min), dark green  
(t=30 min) or dark orange (t=60 min), showing that pause release is relatively 

transient following treatment. c- Gene ontology analysis of the 602 selected 
pause release genes using DAVID webtool. d- Pause release profiles (nascent RNA) 
over gene bodies using chrRNA-seq and TT-seq read-outs. e- Other genes profiles 
over gene bodies. f- Pause release for long genes (Pol II profiles) and G4Hunter 
scores of the 2 classes following 10 and 60 min PDS. g- Pausing score’s dynamics 
correlates with G4 strength/stability. (top left) ten groups of pausing scores 
changes were defined and their trend is shown. most pause release is found  
on the genes with higher G4score (top right) densities of G4H annotation  
(G4H1.5 or 2.0, bottom panels). h- G4access signal and nucleosome densities 
dynamics at pause release genes. i- G4access signal and nucleosome densities 
dynamics at other genes.
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Antibodies
Antibodies used Total PolII (N20 - sc899 - lot H3115 - Santa Cruz Biotechnology), TBP (N12 - sc204 - lot LO214 - Santa Cruz Biotechnology) 

5μg per immunoprecipitation

Validation These antibodies are widely used by the scientific community (eg. Nature. 2016 Feb 4; 530(7588): 113–116.; Nature. 2015 Feb 
12;518(7538):249-53.; Nature Genetics volume 43, pages630–638(2011)...) and were validated by western-blots and ChIP-seq in our 
laboratory (eLife. 2014; 3: e02105.; Mol Cell. 2018 Jan 4;69(1):48-61.e6.; Nat Struct Mol Biol. 2011 Jul 17;18(8):956-63.).

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s) - B lymphocyte, The Raji line of lymphoblast-like cells was established by R.J.V. Pulvertaft in 1963 from a Burkitt's lymphoma 
of the left maxilla of an 11-year-old Black male. (PMID: 14086209).  ATCC-CCL-86 
- The continuous cell line K-562 was established by Lozzio and Lozzio from the pleural effusion of a 53-year-old female with 
chronic myelogenous leukemia in terminal blast crises.  (PMID: 95026). ATCC-CCL-243 
- HeLa cells were isolated in 1951 from a cervical carcinoma derived from a 31-year-old patient. Hela H9 cells were a gift of S. 
Emiliani, Institut Cochin Paris. (see Tantale et al. (2021). Nature communications 12, 4503. 
- Mouse CD4+ CD8+ DP cells were sorted from thymuses of 5 to 6 weeks old mice as described (Reference:8)  
- NIH-3T3 is a fibroblast cell line that was isolated from a mouse NIH/Swiss embryo. ATCC-CRL-1658 

Authentication None of the cell line used were authenticated

Mycoplasma contamination We confirm that all cell lines were tested negative for mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

No commonly misidentified cell lines (ILAC, Register of Misidentified Cells version 12)

ChIP-seq

Data deposition
Confirm that both raw and final processed data have been deposited in a public database such as GEO.
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https://genome.ucsc.edu/s/Cyril_Esnault/hg19_tracks_esnault_et_al_manuscript_alpha_amanitin

Methodology

Replicates All analyses on orignal data were performed as two independent replicates.

Sequencing depth                                                            Sequenced reads          % aligned hg19      %aligned dm6           Ends 
Raji_PolII_T0_PDS1                              76259482                        92.97                        2.85                   Paired 
Raji_PolII_T0_PDS2                              55373464                        92.55                        3.02                   Paired 
Raji_PolII_T10_PDS1                            41480600                        92.18                        3.14                   Paired 
Raji_PolII_T10_PDS2                            72778747                        91.11                        2.75                   Paired 
Raji_PolII_T30_PDS1                            63274863                        93.07                        2.80                   Paired 
Raji_PolII_T30_PDS2                            63394482                        92.63                        2.82                   Paired 
Raji_PolII_T60_PDS1                            39629398                        92.27                        3.02                   Paired 
Raji_PolII_T60_PDS2                            50858067                        92.55                        2.52                   Paired 
Raji_PolII_a-amanitin_0                      45718545                         88.64                         n/a                   single 
Raji_PolII_a-amanitin_18h                  33089764                        86.90                         n/a                   single 
Raji_PolII_a-amanitin_12h                  34887489                        89.30                          n/a                  single 
Raji_PolII_a-amanitin_24h                  33100975                        86.59                          n/a                  single 
Raji_PolII_a-amanitin_36h                  36181944                        88.04                          n/a                  single 
Raji_Mnase-seq_a-amanitin_36h    112039139                        92.85                          n/a                   single 
Raji_Mnase-seq_1                                 62261437                       98.08                          n/a                   Paired 
Raji_Mnase-seq_2                                 60791243                       97.97                          n/a                   Paired 
Raji_Mnase-seq_a-amanitin_0         104651872                       97.38                          n/a                   single 
Raji_Mnase-seq_a-amanitin_18h      74101850                        98.22                          n/a                   single 
Raji_Mnase-seq_a-amanitin_12h      68774551                        98.17                          n/a                   single 
Raji_Mnase-seq_a-amanitin_24h      77606227                        92.00                          n/a                   single 
RRaji_Mnase-seq_DMSO_1                  447494863                    98.19                          n/a                   Paired 
Raji_Mnase-seq_DMSO_2                  158497010                      98.21                           n/a                  Paired 
Raji_Mnase-seq_Triptolide_1             278624563                     98.21                           n/a                   Paired 
Raji_Mnase-seq_Triptolide_2             246732278                     98,16                           n/a                   Paired 
Raji_Dnase-seq                                         46857249                    97,37                            n/a                  Paired 
Raji_TT-seq TT-seq_T0_PDS1              101826817                    88.41                           1.42                  Paired 
Raji_TT-seq TT-seq_T0_PDS2               100194398                   88.93                           1.65                  Paired 
Raji_TT-seq TT-seq_T10_PDS1             75120618                     89.30                           0.90                  Paired 
RajI_TT-seq TT-seq_T10_PDS2             106917842                  90.21                            0.94                  Paired 
 
                                                          Sequenced reads          % aligned mm39       %aligned dm6          Ends 
NIH3T3_G4access_Starved_1              16989511                    87.67                           0.03                   Paired 
NIH3T3_G4access_Starved_2              24965224                    83.57                           0.04                   Paired 
NIH3T3_G4access_Starved_3              14825875                    80.48                           0.06                   Paired 
NIH3T3_G4access_FCS_15min_1        18196487                    79.89                           0.04                   Paired 
NIH3T3_G4access_FCS_15min_2        20196122                    78.47                           0.05                   Paired 
NIH3T3_G4access_FCS_15min_3        21172930                    80.90                           0.03                   Paired 
 
 
                                                           Sequenced reads          % aligned hg19      Sequenced ERCC reads         Ends 
Raji_chrRNA-seq_T0_PDS_rep1         56655887                        93.60                           487155                     Paired 
Raji_chrRNA-seq_T0_PDS_rep2         64989206                        95.90                           522964                     Paired 
Raji_chrRNA-seq_T10_PDS_rep1       60144820                        96.60                           449610                     Paired   
Raji_chrRNA-seq_T10_PDS_rep2       49780663                        94.50                           429856                     Paired 
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(e.g. UCSC)
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Methodology

Replicates All analyses on orignal data were performed as two independent replicates.
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                                                           Sequenced reads          % aligned mm39     Sequenced ERCC reads         Ends 
NIH3T3_ChrRNA_Starved_1              43988301                        95.87                             164323                     Paired 
NIH3T3_ChrRNA_Starved_2              66245805                        94.09                             217860                     Paired 
NIH3T3_ChrRNA_Starved_3              17284116                        93.74                               72013                     Paired 
NIH3T3_ChrRNA_FCS_15min_1        35165406                        96.32                             145349                     Paired 
NIH3T3_ChrRNA_FCS_15min_2        59158731                        89.19                             169049                     Paired 
NIH3T3_ChrRNA_FCS_15min_3        55059302                        87.98                             182529                     Paired 
 

Antibodies Total PolII (N20 - sc899 - Santa Cruz Biotechnology)

Peak calling parameters Peak calling methods and parameters are clearly stated in the methods section.

Data quality Data quality was assessed with FastQC

Software All sequencing reads were aligned to the hg19 genome assembly using Bowtie2  (allowing 2 mismatches, keeping uniquely aligned 
reads only) or TopHat2. 
Wig files were generated using PASHA (Fenouil et al. 2016; https://doi.org/10.1093/bioinformatics/btw206) 
For ChIP-seq experiments, all samples were input subtracted and signals were scaled to reads per million so that the same number of 
units appeared in each experiment."
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