
Molecular Cell, Volume 82
Supplemental information
Tuning levels of low-complexity

domain interactions to modulate

endogenous oncogenic transcription

Shasha Chong, Thomas G.W. Graham, Claire Dugast-Darzacq, Gina M. Dailey, Xavier
Darzacq, and Robert Tjian



 
 

1 
 

 
 

 
 
 
 
 

Supplemental Information for 
 
Tuning levels of low-complexity domain interactions to modulate endogenous 

oncogenic transcription  
 

Shasha Chong, Thomas G.W. Graham, Claire Dugast-Darzacq, Gina M. Dailey, Xavier Darzacq, 
Robert Tjian* 

Correspondence: jmlim@berkeley.edu 
 
  



 
 

2 
 

 
Figure S1. Additional data showing how exogenous expression of EWS LCD affects the 
expression, distribution, and function of endogenous EWS::FLI1 in A673 cells. Related to 
Figure 1.  
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(A-B) Box plot of EWS::FLI1-Halo (JFX549 labeled for A; JFX646 labeled for B) intensities of 
single knock-in A673 cells after the cells are categorized based on the corresponding mNG-EWS 
intensity. The x axis lists the order of magnitude of mNG intensities in each category. The 
intensities are quantified by analyzing confocal fluorescence images (A) or measured using flow 
cytometry (B). Individual cells are plotted in gray. *: statistically significant increase in the 
EWS::FLI1-Halo intensity of specific mNG-positive categories compared with the mNG-
negative category (p < 0.05, two-sample t-test). (A) and (B) together suggest that exogenous 
expression of EWS LCD increases endogenous expression of EWS::FLI1.  
(C) Intron RNA FISH intensities of individual ABHD6 gene loci in the knock-in A673 cells 
expressing mNG-EWS (blue) or mNG alone (orange) tagged with a nuclear localization signal 
(NLS). Each dot represents one gene locus. 
(D-E) Box plots of intron RNA FISH intensities of ABHD6 gene after all the gene loci are 
categorized based on the corresponding nuclear mNG-EWS (D) or mNG (E) intensity. The x 
axis lists the order of magnitude of mNG-EWS (D) or mNG (E) intensities in each category. 
Individual gene loci are plotted in gray. mNG-negative cells after transfection (the “0” intensity 
category) are included here but not in (C). *: statistically significant decrease in the RNA FISH 
intensity of an mNG-positive category compared with an mNG-negative category (p < 0.05, two-
sample t-test). NS: non-significant difference between two categories. (C), (D) and (E) together 
suggest that expression of mNG-EWS but not mNG alone represses EWS::FLI1-driven 
transcription.  
(F) (Upper) Averaged fluorescence intensities of intron RNA FISH (blue) and mNG-EWS 
(orange) at the CAV1 gene loci within each percentile-based category. *: statistically significant 
increase in the mNG intensities of low-percentile CAV1 gene loci based on the RNA FISH 
intensity compared with high-percentile loci (p < 0.05, two-sample t-test). Error bars represent 
bootstrapped standard deviation. (Bottom) Averaged intron RNA FISH images of CAV1 gene 
loci in four categories based on the percentile rank of intron RNA FISH intensity. Each image is 
averaged from 305 gene loci. 
(G) (Upper) Averaged fluorescence intensities of intron RNA FISH (blue) and mNG-EWS 
(orange) at the GAPDH gene loci within each percentile-based category. NS: non-significant 
difference between the mNG intensities of low-percentile and high-percentile GAPDH gene loci 
based on the RNA FISH intensity. (Bottom) Averaged intron RNA FISH images of GAPDH 
gene loci in four categories based on the percentile rank of intron RNA FISH intensity. Each 
image is averaged from 202 gene loci. 
(H-I) Box plots of the integrated EWS::FLI1-Halo (JFX549 labeled) intensity at each ABHD6 
(H) or CAV1 (I) gene locus after the loci are categorized based on the corresponding nuclear 
mNG-EWS intensity. The x axis lists the order of magnitude of mNG intensities in each 
category. Individual gene loci are plotted in gray. *: statistically significant increase in the 
EWS::FLI1-Halo intensity of specific mNG-positive categories compared with the mNG-
negative category (p < 0.05, two-sample t-test). (H) and (I) together suggest that local 
EWS::FLI1 concentrations at GGAA-affiliated genes increase with exogenous expression of 
EWS LCD.  
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Figure S2. Additional data showing how exogenous expression of TAF15 LCD affects the 
expression, distribution, and function of endogenous EWS::FLI1 in A673 cells. Related to 
Figure 2.  
(A-B) Box plot of EWS::FLI1-Halo (JFX549 labeled for A; JFX646 labeled for B) intensities of 
single knock-in A673 cells after the cells are categorized based on the corresponding EGFP-
TAF15 intensity. The x axis lists the order of magnitude of EGFP intensities in each category. 
The intensities are quantified by analyzing confocal fluorescence images (A) or measured using 
flow cytometry (B). The category with apparent LLPS of TAF15 according to confocal 
fluorescence imaging is pointed with an arrow in (A). Individual cells are plotted in gray. *: 
statistically significant increase in the EWS::FLI1-Halo intensity of the specific EGFP-positive 
category compared with the EGFP-negative category (p < 0.05, two-sample t-test). NS: non-
significant difference between two categories. (A) and (B) together suggest that exogenous 
expression of TAF15 LCD does not decrease endogenous expression of EWS::FLI1. 
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(C) Intron RNA FISH intensities of individual ABHD6 gene loci in the knock-in A673 cells 
expressing EGFP-TAF15 (blue) or EGFP alone (orange) tagged with an NLS. Each dot 
represents one gene locus. The dashed line marks the EGFP-TAF15 intensity above which 
apparent LLPS is detected. This intensity corresponds to the critical TAF15 concentration 
required for LLPS.  
(D-E) Box plots of intron RNA FISH intensities of ABHD6 gene after all the gene loci are 
categorized based on the corresponding nuclear EGFP-TAF15 (D) or EGFP (E) intensity. The x 
axis lists the order of magnitude of EGFP-TAF15 (D) or EGFP (E) intensities in each category. 
An additional “LLPS” category in (D) includes gene loci with EGFP-TAF15 intensities above 
the critical value required for apparent LLPS of TAF15. Although EGFP alone does not undergo 
LLPS, a corresponding “LLPS” category is shown in (E) that includes gene loci with EGFP 
intensities above the critical intensity for apparent LLPS of EGFP-TAF15 (dashed line in (C)). 
Individual gene loci are plotted in gray. EGFP-negative cells after transfection (the “0” intensity 
category) are included here but not in (C). *: statistically significant decrease in the RNA FISH 
intensity of specific EGFP-positive categories compared with the EGFP-negative category (p < 
0.05, two-sample t-test). NS: non-significant difference. (C), (D) and (E) together suggest that 
expression of EGFP-TAF15 but not EGFP alone represses EWS::FLI1-driven transcription.  
(F-G) Box plots of the integrated EWS::FLI1-Halo (JFX549 labeled) intensity at each ABHD6 
(F) or CAV1 (G) gene locus after the loci are categorized based on the corresponding nuclear 
EGFP-TAF15 intensity. The x axis lists the order of magnitude of EGFP intensities in each 
category. The category with apparent LLPS of TAF15 is pointed with an arrow on each plot. 
Individual gene loci are plotted in gray. *: statistically significant increase in the EWS::FLI1-
Halo intensity of the specific EGFP-positive category compared with the EGFP-negative 
category (p < 0.05, two-sample t-test). NS: non-significant difference. (F) and (G) together 
suggest that local EWS::FLI1 concentrations at GGAA-affiliated genes do not decrease with 
exogenous expression of TAF15 LCD. 
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Figure S3. Overexpressed EWS-NPM1 but not NPM1 recruits endogenous EWS::FLI1 to 
the nucleolus and represses EWS::FLI1-driven transcription. Related to Figure 3.  
(A) Two-color images of single knock-in A673 cells with different expression levels of mNG-
EWS-NPM1 (green). The nucleolar enrichment of endogenous EWS::FLI1-Halo (JFX549 
labeled, magenta) increases with the expression level of EWS-NPM1, as quantified by the 
fluorescence intensity of mNG in the nucleolus. The nucleolar enrichment of EWS::FLI1 is 
quantified by the ratio of EWS::FLI1 concentration in the nucleolus to that in the nucleoplasm 
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and listed below the respective cell. All single-cell images are acquired from the same sample 
with identical image acquisition settings and displayed with identical contrast settings.  
(B) Quantified nucleolar enrichment of EWS::FLI1 ([EWS::FLI1]nucleolus/[EWS::FLI1]nucleoplasm 
ratio) as a function of mNG-EWS-NPM1 (blue) or mNG-NPM1 (orange) expression level 
measured by the nucleolar mNG intensity. The ratio is above 1 for cells where EWS::FLI1 is 
recruited to the nucleolus.  
(C) Intron RNA FISH intensities of individual ABHD6 gene loci in the knock-in A673 cells 
expressing mNG-EWS-NPM1 (blue) or mNG-NPM1 (orange). Each dot represents one gene 
locus. 
(D-E) Box plots of intron RNA FISH intensities of ABHD6 gene after all the gene loci are 
categorized based on the corresponding nuclear mNG-EWS-NPM1 (D) or mNG-NPM1 (E) 
intensity. The x axis lists the order of magnitude of mNG-EWS-NPM1 (D) or mNG-NPM1 (E) 
intensities in each category. Individual gene loci are plotted in gray. mNG-negative cells after 
transfection (the “0” intensity category) are included here but not in (C). *: statistically 
significant decrease in the RNA FISH intensity of an mNG-positive category compared with an 
mNG-negative category (p < 0.05, two-sample t-test). NS: non-significant difference between 
two categories. 
(F-G) Box plots of intron RNA FISH intensities of CAV1 (F) or GAPDH (G) gene after all the 
gene loci are categorized based on the corresponding nuclear mNG-EWS-NPM1 intensity. 
Individual gene loci are plotted in gray. *: statistically significant decrease in the RNA FISH 
intensity of an mNG-positive category compared with an mNG-negative category (p < 0.05, two-
sample t-test). NS: non-significant difference.  
(H) Overexpressed EWS-NPM1 does not accumulate at endogenous EWS::FLI1 hubs. (Left) 
Averaged mNG-EWS-NPM1 (green) image at 829 EWS::FLI1 (magenta) hubs from 13 cells. 
Endogenously expressed EWS::FLI1-Halo is labeled with HaloTag ligand JF646. (Right) Radial 
intensity profiles of mNG-EWS-NPM1 (blue) and EWS::FLI1-Halo (orange) surrounding the 
center of EWS::FLI1 hubs on the averaged image.  
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Figure S4. Characterization of two clonal cell lines derived from the knock-in A673 line, 
which express similar levels of mNG-EWS-NPM1 and mNG-NPM1, respectively, upon 
doxycycline induction. Related to Figure 3.  
(A) Relative mNG-EWS-NPM1 and mNG-NPM1 expression levels estimated from mNG 
intensities of single living cells measured by flow cytometry, after the cells are induced by 150 
ng/ml doxycycline for 96 hours. Over 8,000 cells in each condition are measured. Error bars 
represent standard deviations.  
(B) The average mRNA level of 4 non-EWS::FLI1-target genes (GAPDH, MED12, GALT3, and 
NAE1) in the cells does not change upon induction of EWS-NPM1 or NPM1 as measured using 
RT-qPCR. The average mRNA level of these invariant genes under each condition is used to 
normalize the mRNA level of each EWS::FLI1 target gene measured under the same condition. 
Error bars represent standard deviations of three biological replicates.  
(C) Cell number over time estimated using RTCA (see STAR Methods) after induction of mNG-
EWS-NPM1 (blue) or mNG-NPM1 (orange). Each cell number is normalized to the cell number 
7 hours after induction. Error bars represent standard deviations of five biological replicates. 
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Figure S5. Data analysis procedure and additional results of spaSPT experiments. Related 
to Figure 4 and STAR Methods.  
(A) Procedure to analyze single-molecule trajectories of EWS::FLI1 using randomized nucleolar 
masks. Classifying trajectories using randomized masks provides a control for bias in diffusion 
analysis due to boundary effects of finite-sized ROIs.  
(B-C) Fitted fraction of bound molecules (B) and diffusion coefficient of bound molecules (C) in 
the nucleoplasm (blue) and nucleolus (magenta). Left 2 columns: Fits for trajectories classified 
using actual nucleolar masks. Violin plots show the distribution of 200 bootstrap replicates 
resampled by cell with replacement. Right 2 columns: Fits for trajectories classified using 200 
distinct sets of randomized nucleolar masks (see STAR Methods). 
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Table S1. Sequences of RNA FISH probes. Related to STAR Methods. 
Intron RNA FISH probes targeting 
ABHD6 

Intron RNA FISH probes targeting CAV1 

AGGGAGACACTGGGGGAGAG GCGTACACGGCAATGCTAAA 
GACTCTTTCCACTCGATGCG GGGAGATGTAACGTTTCTGC 
TTCGGGCATCTCAAACCTAT ATAGGCTCATTTGCTAGGAT 
CTTCAAGAGGCTGGCTGGAC ACTTTCAACCTGGGAATGGA 
AGTAGAAAGAGGGTGCAGGT ATCTGACTGTCTTAATGCCA 
CAAAATCCTCTCGGCACTGC CAGCACAAGACCTGACACAA 
TCTCCAGGAAATGGGGGAAA CCATCTTGTATTCTGACTCA 
GACACGGAGCAAGATGCTAT CATCGTTTTAGTTGGGGGAA 
TAGCGGAGCGAGATCTTGGG GTTGTGCACAAGTGACTTGT 
TGTTTCGACACGGAAGGGGC AAGAAGCAGCTTTCCACATC 
CTGGACAGCATCCTGATTCA GGAACTCCAACCTGAATGTG 
TGAAACCTGTGTCGCTGTAG CACCAAGCACATCCTGAAAG 
CGTTACACAATCCGCATTTC TTAGGCAATAAATTCCTCCC 
CATATTCTCTGCATGCACAG CATGATATCCCAATCCAGAT 
TAAGACCCCCACTTTATTTC CAGAGAAAACCCTTTGCCAA 
AGATAAATGAGGGCCTCCAG GAGTAGATCTTCACACTGCA 
AAAGTCTAGTGGTTCGAGGT GTTTGTGAACTATAGCTCCT 
AGTGCTAGAAACACAGGTGA ACAGATTAAACTGTTTCCCC 
AAGGTAGTGGTCAACTACCA TCCATAATCCAGCTAGTCAA 
GAAAGTCTCATAGGCCTTTC ACAAATATCCTCTCCCTTTA 
GGAGTTGACGAAAGCCACAG CAACTCTCCTTCTTGTTCAA 
GCACTTCTGTCTCTAACTAC CTCTGAAATCTGCCTCTTTT 
GTTTGCAGATGCTCACAGAA GAACAACAGGGAGGATCCAG 
AAACTGCATTCCCATCTTTT AGGGAATCTCACTCACAGTG 
AGTTTCAGAATTACTTCCCA CTTAGTCATGCTATGTGTGG 
CAAACCAGGATCACCTCTAA TGTAAACTGCTATTTCCTCC 
CAGGATAGACCTCACCCAAC TTTCTTTAGGCTAGCAGGAG 
AACATTCATGCTTGCCTTTC TATGAGCAAGTAGTCAGGGT 
TTAGCTAGCCTACTAGGATA CTGTAGGGCATTCTCTGAAG 
CATAGTGAAGCTGATTTCCA TCTTTGGGCAGAATTTGCAT 
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Table S2. Parameters used for Spot-On fitting. Related to STAR Methods. 
Parameter Value Description 
TimeGap 7.5 Delay between frames in ms 
dZ 0.7 Depth of field in µm 
GapsAllowed 0 Gaps not allowed in tracking 
TimePoints 8 Consider 8 timepoints, i.e., 7 delays 
BinWidth 0.01 Use bin width of 0.01 µm for displacement histogram 
UseEntireTraj 0 Consider only 4 jumps for each delay from each 

trajectory JumpsToConsider 4 
MaxJump 5.05 Maximal displacement to consider in µm 
ModelFit 2 CDF fitting 
DoSingleCellFit 0 Do not fit data for each cell individually 
NumberOfStates 2 Use 2-state model 
FitIterations 2 Number of fitting iterations 
FitLocError 1 Fit localization error from the data 
FitLocErrorRange [0.01, 0.075] Minimum and maximum allowable localization error 
UseWeights 0 Weight all time points equally 
D_Free_2State [0.2 25] Minimum and maximum allowable diffusion 

coefficient for “free” population 
D_Bound_2State [0.0001 0.05] Minimum and maximum allowable diffusion 

coefficient for “bound” population 
 


