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Supplemental Methods 

  

Real-time quantitative PCR 

The expression level of U2AF1 was determined by real-time quantitative PCR. The β2-

microglobulin gene was used to normalize for differences in input cDNA. Pre-developed TaqMan 

Assays were used (Assays-on-Demand, Applied Biosystems, Foster City, CA, USA) and reactions 

were run on a LightCycler 96 Real-Time PCR System (Roche). Each sample was run in triplicate 

and the expression ratios were calculated using the ΔΔCT method.  

  

Western blot 

Western blot was performed using the Invitrogen NuPage Novex 4–12% Bis-Tris Gels as 

previously described (1). Anti-FLAG M2-Peroxidase (HRP) antibody (Sigma Aldrich), anti-U2AF35 

antibody (Abcam ab86305), anti-ITGB3BP antibody (HPA028463; Atlas antibodies), and anti-beta 

actin antibody (HRP) (Abcam ab197277) at 1:2500, 1:2000, 1:500 and 1:30000 dilution 

respectively were used. 

  

Cell Growth Assay  

Transduced cells on day 8 were seeded into 96-well plates (20,000 cells/0.2 mL) and viable cell 

counts were determined by trypan blue exclusion for 6 consecutive days. Medium was 

replenished every second day to maintain the same volume.  

  

May-Grünwald-Giemsa staining 

Cytospin slides of cultured granulomonocytic cells were prepared and stained with May-Grünwald 

and Giemsa solution according to the manufacturer’s instructions (Sigma Aldrich). 

 



Pyrosequencing 

PCR and Sequencing primers were designed using PyroMark Assay Design 2.0 software and are 

shown in Supplemental Table 1. PCR of colony cDNA was performed with the PyroMark PCR kit 

(Qiagen) using the standard component mix (1.5mM MgCl2) and thermocycling conditions (55°C 

annealing temperature). Pyrosequencing was performed on a PyroMark Q24 instrument (Qiagen) 

according to the manufacturer’s recommendations. 

  

SYBR green real-time qPCR 

Primers described in Park et al. (2) were used to perform a SYBR green real-time qPCR to assess 

ATG7 polyadenylation site usage. Samples were run on a Roche Lightcycler 96 using Roche 

lightcycler 480 SYBR green I master according to the manufacturer’s protocol. 

  

Cloning and Sanger sequencing 

The coding sequence of the H2AFY and STRAP genes were amplified from cDNA obtained from 

erythroid and granulomonocytic colonies by PCR using Phusion high fidelity DNA polymerase 

(NEB). PCR products were purified using a QIA quick gel extraction kit (Qiagen) and A tailed using 

Maxima hot start PCR mastermix. PCR products were inserted into the pCR4-TOPO vector using 

a TOPO TA Cloning Kit (Life technologies) and transformed in DH5α chemically competent cells 

(Life technologies). These were grown at 37 °C on LB Agar plates supplemented with 100 µg/ml 

ampicillin (Sigma). Individual colonies were picked and expanded in LB medium with 100 µg/ml 

ampicillin, and plasmid DNA was then extracted using a Qiaprep spin miniprep kit (Qiagen). 

Plasmid insert sequences were obtained by Sanger sequencing (Source Bioscience) using M13F 

and M13R primers. 

 

References 

  

1. Yip BH, et al. Effects of L-leucine in 5q- syndrome and other RPS14-deficient erythroblasts. 

Leukemia. 2012;26(9):2154-2158. 

2. Park SM, et al. U2AF35(S34F) Promotes Transformation by Directing Aberrant ATG7 Pre-

mRNA 3' End Formation. Mol Cell. 2016;62(4):479-490. 



EV U2AF1WT U2AF1S34F 

Serine Serine Phenylalanine 
Erythroid 

R
e

la
ti
v
e

 e
x
p

re
s
s
io

n
 

to
 E

V
 c

o
n

tr
o

l 

Granulomonocytic 
R

e
la

ti
v
e

 e
x
p

re
s
s
io

n
 

to
 E

V
 c

o
n

tr
o

l 

Erythroid Granulomonocytic 

1.50 1.73 2.07 
Normalized U2AF1 

expression relative to EV 

Supplemental Figure 1. Expression of U2AF1WT and U2AF1S34F in hematopoietic CD34+ progenitors. (A) Schematic 

diagram showing the retroviral pGCDNsam-IRES-neomycin plasmids containing U2AF1WT or U2AF1S34F cDNA (left). Schematic 

diagram showing the culture conditions used to obtain erythroid and granulomonocytic cells following retroviral transduction of a 

plasmid expressing U2AF1WT or U2AF1S34F cDNA into hematopoietic progenitors (right). (B) Taqman qRT-PCR to determine the 

relative expression levels of U2AF1WT or U2AF1S34F transcripts in transduced cells differentiating towards erythroid  and 

granulomonocytic cells harvested on Day 11. Results in each bar graph were obtained from 6 independent experiments. (C) 

Sanger sequencing of cDNA from transduced cells confirming the expression of the U2AF1S34F mutation. (D) Expression of 

U2AF1WT and U2AF1S34F at different time points in transduced erythroid and granulomonocytic cells in culture. Quantification of 

protein expression levels was performed by ImageJ. (E) Cell cycle analysis of transduced erythroid cells expressing U2AF1WT or 

U2AF1S34F on day 11 of culture. Results were obtained from 6 independent experiments. (F) Granulomonocytic differentiation in 

transduced granulomonocytic cells expressing U2AF1WT or U2AF1S34F. Median fluorescence intensity (MFI) of forward scatter 

(as a measure of cell size) of transduced granulomonocytic cells expressing U2AF1WT or U2AF1S34F on day 20 of culture. 

Results were obtained from 5 independent experiments. (G) Apoptosis in transduced granulomonocytic cells expressing 

U2AF1WT or U2AF1S34F. Apoptosis was measured by Annexin V staining and flow cytometry in transduced granulomonocytic 

cells expressing U2AF1WT or U2AF1S34F on day 11 of culture. Results were obtained from 7 independent experiments. Bar 

graphs show mean+SEM. *P<0.05, **P<0.01 and ***P<0.001, 1-way ANOVA with repeated measures using Tukey's post-test.   
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Supplemental Figure 2 

Supplemental Figure 2. Splice site strengths and BP scores for cassette exons regulated by U2AF1S34F. (A) 

Schematic representation of cassette exons (orange) and locations of the different features analyzed. (B) Splice site 

strength and (C) BP scores were determined for the different data sets: Exons more Included, more Skipped upon 

U2AF1S34F overexpression and non regulated SE control exons. For each data set, splice site scores (B) or BP scores (C) 

are plotted; 5’ss (blue), 3’ss (orange), upstream 5’ss (white) and downstream 3’ss (white). Boxplot’s whiskers represent 

1.5 IQR and outliers are not shown. Statistically significant differences (Kruskal-Wallis followed by Mann-Whitney U tests 

with Bonferroni correction) are marked, p-value < 0.05 (*), p-value< 0.01 (**), p-value <0.001(***), and lines are colored to 

show comparisons between 3’ss (orange) or 5’ss (blue). 



Supplemental Figure 3 

Supplemental Figure 3. Expression levels of aberrantly spliced genes. (A) Venn diagrams showing the overlap 

between genes showing aberrant splicing in erythroid colonies and genes that are expressed in granulomonocytic 

colonies, and between genes showing aberrant splicing in granulomonocytic colonies and genes that are expressed 

in erythroid colonies. The large majority of genes aberrantly spliced in either erythroid or granulomonocytic lineage 

only were also expressed in the other lineage. (B) Violin plots showing the distribution of the expression levels 

(log2rpkm) of the aberrantly spliced genes identified in our study (from Figure 3F). 
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Supplemental Figure 4. Measurement of lineage-specific splicing alterations in U2AF1S34F erythroid and 

granulomonocytic cells by isoform-specific qRT-PCR. (A) Genes of interest that exhibit differential aberrant splicing 

between U2AF1S34F erythroid and granulomonocytic colonies (ITGB3BP, SMARCA5 and ATR). Measurement of lineage-

specific splicing alteration in (B) ITGB3BP, (C) SMARCA5 and (D) ATR. Left panel: sashimi plots illustrating RNA 

sequencing results of ITGB3BP, SMARCA5 and ATR in erythroid and granulomonocytic colonies. For each gene, only 

the region affected by aberrant splicing is shown and highlighted in grey. Right panels: expression of the isoform 

associated with aberrant splicing by U2AF1S34F in transduced cells was measured by isoform-specific qRT-PCR relative 

to EV and U2AF1WT control (red bars: erythroid cells; blue bars: granulomonocytic cells). Results in each bar graph were 

obtained from 5 independent experiments. Bar graphs show mean+SEM. *P<0.05, 1-way ANOVA with repeated 

measures using Tukey's post-test.   



Supplemental Figure 5. Alignment of H2AFY isoform sequences obtained by Sanger sequencing. 

Supplemental Figure 5 



Supplemental Figure 6. Alignment of STRAP isoform sequences obtained by Sanger sequencing. 
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Supplemental Figure 7. Effects of H2AFY isoform 1.1 knockdown, STRAP knockdown and ITGB3BP 

overexpression in transduced hematopoietic progenitors differentiated towards the erythroid and 

granulomonocytic lineages. (A) Apoptosis measured by Annexin V staining and flow cytometry in transduced 

erythroid cells with H2AFY isoform 1.1 knockdown on day 11 of culture. (B) Cell cycle analysis of transduced 

erythroid cells with H2AFY isoform 1.1 knockdown on day 11 of culture. (C) Apoptosis measured by Annexin V 

staining and flow cytometry in transduced granulomonocytic cells with H2AFY isoform 1.1 knockdown on day 11 

of culture. (D) Cell cycle analysis of transduced granulomonocytic cells with H2AFY isoform 1.1 knockdown on 

day 11 of culture. (E) Expression levels of STRAP in erythroid cells transduced with EV, U2AF1WT or U2AF1S34F 

determined using qRT-PCR. (F) Expression levels of STRAP in granulomonocytic cells transduced with EV, 

U2AF1WT or U2AF1S34F determined using qRT-PCR. (G) Apoptosis measured by Annexin V staining and flow 

cytometry in transduced granulomonocytic cells with ITGB3BP overexpression on day 11 of culture. Results in 

each bar graph in panel (A), (B), (C) and (D) were obtained from 6 independent experiments. Results in each 

bar graph in panel (E), (F) and (G) were obtained from 5, 5 and 6 independent experiments respectively. Bar 

graphs show mean+SEM. P values were calculated by 1-way ANOVA with repeated measures using Tukey's 

post-test. *P<0.05, **P<0.01 and ***P<0.001. 
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Supplemental Figure 8. Effects of U2AF1WT overexpression on U2AF1S34F MDS hematopoietic 

progenitors differentiated towards the erythroid and granulomonocytic lineages. (A) Expression levels of 

U2AF1WT in U2AF1S34F MDS erythroid and granulomonocytic cells (day 11) transduced with EV or U2AF1WT 

determined using Western blotting. (B-D) Effects of U2AF1WT overexpression on erythroid and granulomonocytic 

differentiation of U2AF1S34F MDS hematopoietic progenitors. (B) Late erythroid (CD71-CD235a+) cell population 

on day 14 of culture, and (C) monocytic (CD14+CD15-)  and (D) granulocytic (CD14-CD15+) cell populations on 

day 20 of culture were measured by flow cytometry. (E-F) Ratio of H2AFY isoform 1.1 in EV or U2AF1WT 

transduced (E) erythroid cells (Day 14) and (F) granulomonocytic cells (Day 20) in culture measured by RT-PCR 

and gel electrophoresis. (G) Ratio of STRAP short isoform in EV or U2AF1WT transduced erythroid cells (Day 14) 

in culture was measured by RT-PCR and gel electrophoresis. In panel (E-G), quantification of altered splicing 

events in gel was performed by ImageJ. Results in each bar graph were obtained from 3 independent 

experiments in panels (E-G). Results are shown as mean ± SEM. P values in panels E-G were calculated by 1-

way ANOVA using Tukey's post-test. *P<0.05, **P<0.01 and ***P<0.001. 
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Supplemental Table 1 

 

Sequence of primers used in this study. 

Name Sequence (5ꞌ>3ꞌ) Application 

U2AF1 S34F F ATGGCGGAGTATCTGGCCTC Sequencing of U2AF1S34F mutation 

U2AF1 S34F R TCAGAATCGCCCAGATCTTT Sequencing of U2AF1S34F mutation 

H2AFY shRNA 3 TCGACAGTGATGCTGTCGT Knockdown H2AFY isoform 1.1 

H2AFY shRNA 4 GTCGTTCACCCGACAAACA Knockdown H2AFY isoform 1.1 

H2AFY isoform1.1 F CAGGGTGAAGTCAGTAAGGC 
Isoform-specific qRT-PCR and RT-PCR for 

H2AFY isoform1.1 and total 

H2AFY isoform1.1 R CTTCACCACCGATGTAGAAG 
Isoform-specific qRT-PCR and RT-PCR for 

H2AFY isoform1.1 and total  

H2AFY isoform1.2 F CTTTGAGGTGGAGGCCATAA 
Isoform-specific qRT-PCR for H2AFY 

isoform1.2  

H2AFY isoform1.2 R CTACTTCCAAGGGCCCGTTC 
Isoform-specific qRT-PCR RT-PCR for 

H2AFY isoform1.2 and total   

STRAP isoform F CCTATGCTACGCCAGGGAGATAC Isoform-specific qRT-PCR for STRAP  

STRAP isoform R CTGCGTGAAATCCACAGTCTTGAC Isoform-specific qRT-PCR for STRAP 

STRAP ex8 qRT F CCTACAAGGGCAACTTTGGTCCTA qRT-PCR for STRAP  

STRAP ex9 qRT R CTAGCTCCTCTTCTGTTGTCTCTGG qRT-PCR for STRAP  

STRAP ex1 RT F AATGAGACAGACGCCGCTCA RT-PCR for STRAP  long and short isoform  

STRAP ex3 RT R CTGCGTGAAATCCACAGTCTTGAC RT-PCR for STRAP  long and short isoform  

SMARCA5 F GAGTACTGCAGGTTGGATGGTCAG Isoform-specific qRT-PCR for SMARCA5 

SMARCA5 R ACACTCTGACTGTCTTAGTCTGCCC Isoform-specific qRT-PCR for SMARCA5 

ITGB3BP F CCGTTCACTGCAACATCTGCT Isoform-specific qRT-PCR for ITGB3BP 

ITGB3BP R GCTCTTCAGAACTTGTGGGAGA Isoform-specific qRT-PCR for ITGB3BP 

ATR F 
TGGAATGGGTCCTATGGGAACAGAGGGT

CT 
Isoform-specific qRT-PCR for ATR 

ATR R GTTCATCAGGATCCTTGTGAGGC Isoform-specific qRT-PCR for ATR  



Name Sequence (5ꞌ>3ꞌ) Application 

H2AFY Cloning F 
GCGGTGGGAAGAAGAAGTCCAC 

  

Cloning of H2AFY to confirm full length 

isoform expression 

H2AFY Cloning R 
CAGCTTGGCCATTTCCTGCAC 

  

Cloning of H2AFY to confirm full length 

isoform expression 

STRAP Cloning F 
TGAGACAGACGCCGCTCACCT 

  

Cloning of STRAP to confirm full length 

isoform expression 

STRAP Cloning R CAGGCCTTAACATCAGGAGCTGA 
Cloning of STRAP to confirm full length 

isoform expression 

hATG7_proximal CP F GCTGCTGAGATCTGGGACAT 
SYBR green qRT-PCR assessment of ATG7 

proximal polyadenylation site usage 

hATG7_proximal CP R CAGAGGGGGGAATCCCA 
SYBR green qRT-PCR assessment of ATG7 

proximal polyadenylation site usage 

hATG7_distal CP F GGGCATCGTCTTTCCTGCTA 
SYBR green qRT-PCR assessment of ATG7 

distal polyadenylation site usage 

hATG7_distal CP R TGGCTACTTTGGGAGAAGCG 
SYBR green qRT-PCR assessment of ATG7 

distal polyadenylation site usage 

U2AF1 pyro F TTCAAAATTGGAGCATGTCG U2AF1 S34 Pyrosequencing assay 

U2AF1 pyro R Biotin- ATGGTCTGGCTAAACGTCG U2AF1 S34 Pyrosequencing assay 

U2AF1 pyro seq AATTGGAGCATGTCGTC U2AF1 S34 Pyrosequencing assay 

Supplemental Table 1 
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