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Supplementary Figure 1. MCL1 and SF3B1 levels are important to maintain cell viability.  
Viability of HeLa cells was measured using Resazurin assays upon MCL1 or SF3B1 knock down
by RNAi, using the indicated concentrations of siRNAs (left panels) or upon treatment with the 
indicated concentrations of Sud C1. Measurements were taken 24, 48 and 72 hours after 
the different treatments. CTRL: scrambled siRNA. 



1 2 3

1 3

1 3

DMSO
Sud

 C
1d 

 +150bp

 MCL1 ∆ ACCTGCA 

e

GGATTGTGACTCTCATTTCTTTTGGT
GCCTTTGTGGCTAAACACTTGAAG

Predicted BP 
Mapped BP by Mercer et al., 2015 
Mapped BP by lariat PCR 
Mapped BP by circbase   

 

(-25)   

A T T T C T T T C A A A TGT AG C TGC TGT A AGC A A T T

C A A AGGAGGCCGT A AGGGGGT TC A

C A A AGGAGT A AGGGGT T TCC

CGTGAGGACC TC GT A AGGGGGT TC A

5’ss

 Exon 6  Exon 7A T T T C T T T C A A A TGT AG C TGA TGT A AGC A A T T A T T CT T T AT T CT TT T CCC AA C A G- - -

-35

 

   -30

 

       -25           -20

 

 -15           -10

 

         -5

 

c 

b 

(-30)

 Exon 1  Exon 2T CA CA AA GGAGGCCG TGAGGGT A AGGGGGT ACCTGCATGCT T TT C T T T CT C A G- - -

-35

 

   -30

 

       -25           -20

 

 -15           -10

 

         -5

 

PDCD10

MCL1

5’ss

5’ss

5’ss

C A A AGGAGGCCGTGAGACC AAGT A AGGGT TC
5’ss

(-33)

(-19)

5’ss

5’ss

3’ss

3’ss

AGCUG U

AUGAU G

A
BP -25 (5’-3’)

BPRS (3’-5’)
| || | |  |

GAGGC G

AUGAU  G

C
BP -30 (5’-3’)

BPRS (3’-5’)
| 

AAGGA G

AUGAU G

G
BP -33 (5’-3’)

BPRS (3’-5’)
|      |  

AGGAC U

AUGAU G

C
BP -21 (5’-3’)

BPRS (3’-5’)
|         |

GACCU C

AUGAU G

G
BP -19 (5’-3’)

BPRS (3’-5’)
| ||       |

a

A

G
U

GU
AFFR R

FF

R
R

F RA*GU

3 - Sud C1
1 - DMSO
1 - Non treated

# of sequences
and condition

# of sequences
and condition

2 - siCTRL 
4 - siSF3B1 

1 - Sud C1
1 - DMSO

1 - DMSO

1 - DMSO
1 - Sud C1

CCTGC  T

AUGAU  G

A 
BP -17 (5’-3’)

BPRS (3’-5’)
| | | CCGTG  G

AUGAU  G

A
BP -26 (5’-3’)

BPRS (3’-5’)
| | TGAGG  C 

AUGAU  G

A 
BP -23 (5’-3’)

BPRS (3’-5’)
| | | | 

(-21)

   

0 20 40 60 80 100 120

DMSO

Sud C1 2 µM

Sud C1 10 µM

Sud C1 50 µM

mMCL1 in 3T3 cells - 
PSI (endogenous transcript)

 +150bp alternative 3’ss:



Supplementary Figure 2. PDCD10 intron 6 has a well-defined BP, while MCL1 intron 1 has multiple 
weak BPs.               
a) Scheme of the position of oligonucleotides for RT-PCR assays and expected amplification products. The 
branch A is often mutated in this assay (as indicated by an asterisk in the scheme). b) BP mapping of PDCD10 
intron 6 lariats using two different cell lines. One representative electropherogram of the amplification products 
is shown. 5' terminal GT sequences corresponding to the intron 5' end are shown in blue. Vertical bars indicate 
split between sequences at the 3' end of the intron and the 5' splice site; the split should be diagnostic of the 
position of the BP, with 1-2 nucleotide resolution1,2. The cell line, the numerical positions of the putative BPs 
(nearest adenosine to the split position), the number of sequenced products and the treatment condition are 
indicated on the right of each result. Schemes of base-pairing complementarity with U2 snRNA corresponding 
to the potential BPs are also indicated. c) BP mapping of MCL1 intron 1 lariats, carried out in HeLa cells as in 
(b) Various potential BPs were detected, suggesting degenerate BP usage, consistent with a previous report2. 
The most probable computationally inferred BPs within the last 60 nt of the intron are shown3: PDCD10 BP 
scoring value svm_scr is 1.34, MCL1 BP scoring value svm_scr is -0.34, highlighting the weakness of MCL1 
intron 1 BPs. At the bottom of the figure, base-pairing with U2 snRNA are shown for positions previously 
mapped2 and predicted by SVM_BP3. A mapped BP from a circular RNAs database that also contains some 
lariat sequences (http://www.circbase.org/)4 is shown for MCL1 (hsa_circ_0002364 annotated circular RNA). 
d) Representative capillary electrophoresis profile of MCL1 transcript isoforms from a minigene lacking the 
-23/-17 ACCTGCA sequence. Activation of an exonic cryptic 3’ss (at position +150 from the conventional one) 
was observed and confirmed by Sanger sequencing. e) Regulation of endogenous MCL1 in mouse 3T3 cells 
treated with the indicated amounts of Sud C1. 
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Supplementary Figure 3. Gene ontology analysis of genes displaying splicing changes upon Sud C1 
treatment.               
a) GOrilla gene ontology analysis was performed with genes affected either by intron retention or exon skip-
ping (with |ΔPIR| and |ΔPSI| ≥ 25, respectively) and a background set of all expressed genes (with at least 
“vlow” quality label after vast-tool analysis). The top 10 categories of enriched processes are shown, both for 
total and BrU RNA. b) List of spliceosome components and splicing factors encompassing splicing events with 
|ΔPSI|  or |ΔPIR| ≥ 15 in Sud C1-treated cells (either total RNA or BrU RNA). c) Examples of short transcripts 
with short affected introns: PIM1 (Pim-1 Proto-Oncogene, Serine/Threonine Kinase) is a known short-lived 
oncoprotein and RPM8 (Ribosomal RNA Processing 8 Methyltransferase Homolog) contains one of the top 
differentially retained introns detected in the analysis. A zoomed figure for the first three introns of PIM1 is also 
shown. ΔPSI and ΔPSI: delta (treated – control) PSI (Percent Spliced In) and delta PIR (Percent of Intron 
Retention). While the first displays higher intron retention for very short introns, the second displays more 
widespread intron retention across the transcript, which is more prominent in BrU-labeled RNA (partly due -as 
expected- to the isolation of nascent RNA that still has to be fully spliced, as revealed by the higher intronic 
signal in the DMSO control). These examples illustrate how drug-induced intron retention can occur in tran-
scripts with high biological relevance for cancer cells, as supported also by the gene ontology analyses, and 
how different ranges of effects can be achieved within a general tendency for retention. 
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Supplementary Figure 4. Analysis of mapped BPs in affected and non-affected sequences.  
This analysis was based on features of BPs experimentally verified by Fairbrother’s group5. 
Using their genomic coordinates, the experimentally verified BPs were mapped to retained 
and non-retained introns, or, in the case of cassette exons, to their upstream introns. 
After mapping, some of the features reported for mapped BPs5 were compared between the 
different groups of retained introns / skipped exons vs. non-affected retained introns / cassette
exons, as indicated in the figure. P values were determined by permutation tests with 100,000 
repeats. *; **; ***: P value < 0.01, 0.001 and 0.0001, respectively. 
 



Supplementary Figure 5. RNAmaps for differentially retained introns in BrU RNA.    
a) RNAmap for GC content of retained introns (RI, ΔPIR ≥  25) vs. non-differentially retained (ndiff, 
-5 ≤ ΔPIR ≤ 5). b) RNAmap for GC content after stratification (i.e. both data sets, RI and ndiff, have 
been sub-selected to approximately fit GC content). c) Motif logo for SF1 PWM. d) RNAmap for SF1 
motif after stratification of the data based on their GC content. The 18 most-likely 7mers according 
to the SF1 PWM were used and the cumulative probability of these 7mers is approximately 0.25.  
e) RNAmap for BP motif YNYYRAY after stratification of the data based on their GC content. 
 
  

YNYYRAY

Fr
ac

tio
n 

of
 re

gi
on

 c
ov

er
ed

 b
y 

m
ot

if ● ●RI ndiff
Sliding window L=31

● ●Nseqs: 7325,6245,5967,7082 Nseqs: 7325,6245,5967,7082

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

−135 0 35 −35 0 135−135 0 35 −35 0 135

SF1 TOP KMERS

Fr
ac

tio
n 

of
 re

gi
on

 c
ov

er
ed

 b
y 

m
ot

if

● ●RI ndiff
Sliding window L=31

● ●Nseqs: 7325,6245,5967,7082 Nseqs: 7325,6245,5967,7082
0.000

0.005

0.010

0.015

−135 0 35 −35 0 135−135 0 35 −35 0 135

GC CONTENT after stratification

Fr
ac

tio
n 

of
 re

gi
on

 c
ov

er
ed

 b
y 

m
ot

if

● ●RI ndiff
Sliding window L=31

● ●Nseqs: 7325,6245,5967,7082 Nseqs: 7325,6245,5967,7082
0.40

0.42

0.44

0.46

0.48

0.50

0.52

0.54

−135 0 35 −35 0 135−135 0 35 −35 0 135

GC CONTENT

Fr
ac

tio
n 

of
 re

gi
on

 c
ov

er
ed

 b
y 

m
ot

if

● ●RI ndiff
Sliding window L=31

● ●Nseqs: 7325,6245,6356,7461 Nseqs: 19252,17785,17776,19257
0.30

0.35

0.40

0.45

0.50

0.55

−135 0 35 −35 0 135−135 0 35 −35 0 135

SF1 PWM

P
ro

ba
bi

lit
y

G
T

A

C

T

A

A

C T

T

G

A A

A
T

C

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

a

b

c

d

e



Supplementary Figure 6. Genome-wide analysis of splicing regulation induced 
by Sud K and SSA.           
Number of regulated events with |ΔPSI| ≥ 25 and non-regulated events with |ΔPSI| ≤ 5 
detected by analyzing RNA-Seq data of total and BrU RNAs of the indicated conditions. 
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Supplementary Figure 7. Venn diagrams showing the overlaps among effects 
detected on BrU RNA and total RNA.       
All overlaps are significantly larger than expected (χ2 test P value < 2.2 e-16), except 
for included exons upon SSA treatment (χ2 test P value > 0.01). 
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Supplementary Figure 8. Distinct profiles of alternative splicing changes induced by SSA, Sud C1 
and Sud K in total RNA. 
a) Number of cassette exons and retained introns affected by each of the three drugs in total RNA. *; **; ***: 
P value < 0.01, 0.001 and 0.0001 from χ2 tests wrt. all detected cassette exons and retained introns.   
b) Distribution of alternative splicing changes for cassette exons and retained introns induced by each of 
the three drugs in total RNA. *; **; ***: Mann-Whitney U test P value < 0.01, 0.001 and 0.0001, respectively. 
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Supplementary Figure 9. Analysis of sequence features linked to intron retention.    
Boxplots corresponding to the indicated features extracted with custom scripts (see Methods)  are 
shown, with median values shown by the black line. Outliers were discarded. ndiff: non-differentially 
spliced introns, with |ΔPIR| ≤ 5; RI: retained introns, with ΔPIR ≥ 25. ΔPIR: delta PIR, i.e. differential 
Percent of Intron Retention (treated – control). *; **; ***: Mann-Whitney U test P value < 0.01, 0.001 
and 0.0001, respectively. 
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Supplementary Figures 10. Analysis of sequence features linked to exon skipping.    
Boxplots corresponding to the indicated features extracted with custom scripts (see Methods) are 
shown, with median values shown by the black line. Outliers were discarded.     
ndiff: non-differentially spliced cassette exons, with |ΔPSI| ≤ 5; skipp: skipped exons, with ΔPSI ≤ 
-25. BP features and SF1 binding motif were analyzed in the 3' 150 nucleotides of each intron. For 
some features (i.e. SF1 score, SVM BP score and Py-tract score), the difference between the 
values corresponding to the two introns surrounding the exons was calculated and compared 
among regulated and non-regulated events. ΔPSI: differential PSI (treated – control).   
*; **; ***: Mann-Whitney U test P value < 0.01, 0.001 and 0.0001, respectively. 
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Supplementary Figure 11. Weaker drug effects in the presence of additional BP sequences.  
Changes in exon inclusion (ΔPSI) or intron retention (ΔPIR) upon treatment with each drug are represented 
for total and BrU RNA, for 3'ss containing a single (1BP) or multiple (BPs) matches of the BP consensus 
YNYYRAY within a window of 100 nucleotides from the 3'ss. Numbers of 3'ss considered in each category 
are also indicated. Differently from Figure 4B, all the plots contain whiskers.      
*; **; ***: Mann-Whitney U test P value < 0.01, 0.001 and 0.0001, respectively. 
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Supplementary Figure 12. Effects of SSA, Sud C1 and Sud K on different minigenes. 
Cells transfected with the indicated minigenes were treated for 3 or 8 hours, as reported on the 
left. While the different drugs similarly affect MCL1 and its mutants, SSA has higher effects on 
PDCD10, especially upon 8 hours treatments. *; **; ***: t-test P value < 0.01, 0.001 and 0.0001, 
respectively. n.s.: not statistically significant (t-test P value > 0.01). A minimum of three treat-
ment replicates was used for each condition. Error bars represent standard deviation from the 
mean value. 
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Supplementary Figure 13. Uncropped image of A3´complex assembly with 
different drugs shown in Figure 5c.      
The black rectangle highlights the area of the image shown in Figure 5c. 
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Table 1. Summary of minigenes used in the study 
Table 2. List of oligonucleotide primers used in the study 

 

Supplementary Data 
Supplementary Data 1. Splicing analysis of RNA-Seq data showing PSI (or PIR) values and quality 

scores for all treatment conditions. Results are in hg19. 

Supplementary Data 2. Gene expression analysis of RNA-Seq data, showing RPKM values across all 

treatment conditions. 
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