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Supplementary Figure 1. B -cell lymphoma phenotype of A/R/M mice. 
1 

1

 
(a) Analysis of white blood cell counts (WBC) and spleen weight of A/R/M mice 

2

 
(n=36 for spleen weight, n=43 for WBC) and Eµ-myc control mice (n=6 for 

3

 
spleen weight, n=7 for WBC). P-value was determined by unpaired t-test (two-

4

 
tailed)  . Data are presented as mean +/- SD.  

5

 
(b)  Single cell suspensions of tumors arising in A/R/M mice stained with specific 

6

 
antibodies against the B-cell marker B220 and IgM. Shown is only the 

7

 
population of CD45+ viable cells. 

8

 
(c) Histological and immunohistochemical analysis of three representative A/R/M 

9

 
lymphomas. The analysis was performed for three mice of each group with 

10

 
similar results. 

11
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1 (a)  Venn diagram showing the overlap between CISs in A/R/M lymphomas and 

2

 
KERNEL CISs described in Weber et al.1 .    

3

 
(b)  Venn diagram showing the overlap between top 50 CISs in A/R/M lymphomas 

4

 
and top 50 KERNEL CISs described in Weber et al.1. CISs were sorted by 

5

 
number of transposon insertions. 

6

 
(c)  Venn diagram showing the overlap between CISs in A/R/M lymphomas and 

7

 
CISs described in Rahrmann et al.2 .  

8

 

Supplementary Figure 2. Comparison of Eµ-Myc PB screening to related 

1

 studies.  
2
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(a)  SENP6 mRNA levels in DLBCL groups according to their SENP6 copy number 2

status.   6q14.1:DEL absent, n=122; 6q14.1:DEL present, n=15; 6q:DEL 3
absent, n=114; 6q:DEL present, n=23. The center line of the box plot is the 4
median. The box extends from the 25th to 75th percentiles. Whisker length is 5
from minimum to maximum. P-value determined by Wilcoxon Rank Sum Test 6
(two -sided). 7

(b)  Expression analysis of SENP6 mRNA in the human TCGA DLBCL dataset (n=48) 8
derived from https://www.cbioportal.org/. Groups were classified according to 9
their  SENP6 copy number status. Data are presented as mean +/- SD. P- 10
value   determined by one-way ANOVA; Tukey`s post hoc test.  11

(c)  GSEA of expression data derived from primary DLBCL patient samples 12
described in Figure S3b. Groups were classified according to their SENP6 13
copy number status.  14

(d)  SENP6 copy number status in different mature B-cell lymphomas derived from 15
https://www.cbioportal.org/. 16

(e)  Experimental transduction-transplantation strategy for in vivo validation of 17
tumor suppressor genes, here Senp6. HSPCs, hematopoietic stem and 18
progenitor cells. 19

(f)  In vitro T7 nuclease assay showing cutting efficacies of the Senp6-sgRNA in 20
lymphomas from in vivo validation experiment. The experiment was repeated 21
two times with similar results on lymphomas derived from three biologically 22
independent mice. 23

(g) Western blot analysis of Senp6-sgRNA lymphomas (n=3) and control 24
lymphomas (n=3) with the indicated antibodies. 25

(h)  Quantification of the SENP6 Western blots from Figure 3b. Protein expression 26
of SENP6 in EV cells was arbitrarily set to 1. Data are presented as mean +/- 27
SD of n=3 independent experiments. P-value determined by unpaired t-test 28
(two -tailed). 29

(i)  Viability of indicated cell lines after 48h treatment with the indicated 30
concentrations of doxorubicin. Viability determined by propidium iodide 31
st aining and flow cytometry measurement. Data are presented as mean +/- 32
SD of n=3 independent experiments. P-value determined by two-way ANOVA; 33
Bonferroni's multiple comparisons test.  34

Supplementary Figure 3. SENP6 alterations in B-cell lymphomas. 

1 
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(a, b)  Summary of GSEA of expression data derived from DLBCL patients harboring 
SENP6 CNAs with the indicated gene sets. Assessed was the DLBCL patient 
dataset from Chapuy et al.3. 

(c) SENP6 mRNA levels in DLBCL groups according to their MYC SV status. 
MYC SV absent, n=126; MYC SV present, n=11. Assessed was the DLBCL 
patient dataset from Chapuy et al.3. The center line of the box plot is the 
median. The box extends from the 25th to 75th percentiles. Whisker length is 
from minimum to maximum. P-value determined by Wilcoxon Rank Sum Test 
(two-sided). 

1  

Supplementary Figure 4. MYC signaling in DLBCL patients harboring SENP6 loss.   2  
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1

 
Supplementary Figure 5. MYC binding in DLBCL cell lines with defined SENP6 status.   

2

 
(a)  Immunoblot analysis of SU-DHL-5 EV and SENP6 cell lines for MYC and 

3

 
SENP6 expression. The experiment was repeated three times with similar 

4

 
results.   

5

 
(b)  Quantification of the MYC western blots from Figure S5a. MYC expression in 

6

 
SU -DHL-5 EV cells was arbitrarily set to 1. Data are presented as mean +/- 

7

 
SD of n=3 independent experiments. P-value determined by unpaired t-test 

8

 
(two -tailed). 

9

 
(c)  Genome browser picture of read-normalized MYC ChIPseq profiles from SU-

10

 
DHL -5 cells with low SENP6 expression (EV, grey) or reconstituted for SENP6 

11

 
expression (SENP6, blue) described in Figure S5a. Input is shown in black. 

12

 
(d)  Heat maps centered around the common MYC peaks showing z-score from 

13

 
binding of endogenous MYC in SU-DHL-5 EV and SU-DHL-5 SENP6 cell 

14

 
lines. Input is shown as control and intensity of color indicates binding 

15

 
strength.  

16
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(a)  Copy number alterations affecting SENP7 in human DLBCL (n=304). 

2

 
W ildtype, n=231; 3q:AMP, n=73.  

3

 
(b)  SENP7 mRNA levels in DLBCL groups according to their SENP6 copy number 

4

 
status.  3q:AMP absent, n=137; 3q:AMP present, n=26. The center line of the 

5

 
box plot is the median.  Assessed was the dataset from Chapuy et al.3.The 

6

 
box extends from the 25th to 75th percentiles. Whisker length is from minimum 

7

 
to maximum. P-value determined by Wilcoxon Rank Sum Test (two -sided). 

8

 
(c, d)   SENP7 protein expression by immunohistochemistry in human DLBCL 

9

 
samples. The results were similar for all SENP7high and SENP7low patients. 

10

 

Supplementary Figure 6. SENP7 alterations in human DLBCL patients. 
1 
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Summary of GSEA of expression data derived from transcriptome profiling of 

3

 
OCI -Ly1 control and OCI-Ly1 SENP6KD cell lines with the indicated gene sets. 

4

 

Supplementary Figure 7. Transcriptome profiling of SENP6-deficient DLBCL cells.   

P-value determined by Kolmogorov-Smirnov test. 

5
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(a ) Quantification of the SENP6 western blots in U-2-OS cells transfected with  

control or SENP6 siRNA. Protein expression of SENP6 in control siRNA  
transfected cells was arbitrarily set to 1. Data are presented as mean +/- SD of  
n=3 independent experiments. P-value determined by unpaired t-test (two- 
tailed).    

(b)  Quantification of the p-CHK1 western blots from Figure 5d. Protein expression  
of p -CHK1 was normalized to CHK1 protein expression. p-CHK1 expression in  
U-2-OS cells transfected with control siRNA at 3h doxorubicin treatment was  
arbitrarily set to 1. Data are presented as mean +/- SD of n=3 (1h) and n=4  
(0h and 3h). Each dot represents a biological replicate. P-value determined by  
two -way ANOVA; Bonferroni’s multiple comparisons test.   

(c)  Quantification of the CHK1 western blots from Figure 5d. Protein expression of 

13

 
CHK1 was normalized to loading control. CHK1 expression in U-2-OS cells 

14

 
transfected with control siRNA at 0h doxorubicin treatment was arbitrarily set 

15

 
to 1. Data are presented as mean +/- SD of n=3 (1h) and n=4 (0h and 3h) 

16

 
independent experiments. Each dot represents a biological replicate. P-value 

17

 
determined by two-way ANOVA; Bonferroni’s multiple comparisons test.  

18

 
(d) Quantification of the p-CHK1 western blots from Figure 5e. Protein expression 

19

 
of p -CHK1 was normalized to CHK1 protein expression. p-CHK1 expression in 

20

 
OCI -Ly1 control cells at 3h doxorubicin treatment was arbitrarily set to 1. Data 

21

 
are presented as mean +/- SD of n=4 independent experiments.  P-value 

22

 
determined by two-way ANOVA; Bonferroni’s multiple comparisons test.  

23

 
(e)  Quantification of the CHK1 western blots from Figure 5e. Protein expression of 

24

 
CHK1 was normalized to loading control. CHK1 expression in OCI-Ly1 control 

25

 
cells at 0h doxorubicin treatment was arbitrarily set to 1. Data are presented 

26

 
as mean +/- SD of n=4 independent experiments. P-value determined by two-

27

 
way ANOVA; Bonferroni’s multiple comparisons test.  

28

 
(f)  Senp6 mRNA expression in NIH-3T3 cells after transduction with either empty 

29

 
vector or three Senp6 shRNA constructs. Senp6 expression was normalized to 

30

 
Ubiquitin . EV, empty vector. Data are presented as mean +/ - SD of n=4 

31

 
independent experiments. P-value determined by two-way ANOVA; 

32

 
Bonferr oni’s multiple comparisons test. 

33

 
(g)  Immunofluorescence staining of γ.H2.AX expression of cells described in 

34

 
Figure S 8f. The experiment was repeated three times with similar results. 

35

 
(h)  Quantification of immunofluorescence staining described in Figure S8f. Data 

36

 
are presented as mean +/- SEM. In total n=51 (EV), n=103 (Senp6.21), n=92 

37

 
(Senp6.22) and n=113 (Senp6.24) cells were quantified.  P-value determined 

38

 
by one  -way ANOVA;  Dunnett's multiple comparisons test.   

39

 
(i) Immunoblot analysis of indicated proteins in NIH-3T3 cell line transduced with 

40

 
empty vector (EV) or Senp6 shRNA #21 after doxorubicin (DRB) treatment for 

41

 
the indicated times. The experiment was repeated three times with similar 

42

 
results.   

43

 

44
45

(j) Quantification of the p-CHK1 western blots from Figure S8i. Protein 

1

 
expression of p-CHK1 was normalized to CHK1 protein expression. p-CHK1 

2

 
expression in NIH-3T3 control cells at 3h doxorubicin treatment was arbitrarily 

3

 
set to 1. Data are presented as mean +/- SD of n=4 independent experiments. 

4

 
P-value determined by two-way ANOVA; Bonferroni`s multiple comparisons 

5

 
test.  

6

 
(k) Quantification of the CHK1 western blots from Figure S8i. Protein expression 

7

 
of CHK1 was normalized to loading control. CHK1 expression in NIH-3T3 

8

 
cont rol cells at 0h doxorubicin treatment was arbitrarily set to 1. Data are 

9

 
presented as mean +/- SD of n=4 independent experiments. P-value 

10

 
determined by two-way ANOVA; Bonferroni`s multiple comparisons test.  

11

 

Supplementary Figure 8. SENP6 loss is linked to deficient DDR. 
1 
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(a ) Immunoblot analysis of U-2-OS cells after transfection with specific CDC5L  

siRNA or control siRNA and doxorubicin (DRB) treatment for the indicated  
times.   The experiment was repeated three times with similar results.  

(b) Volcano plot summarizing the results of quantitative MS analysis from the SU- 
DHL -5 DLBCL cell line after reconstitution of SENP6 expression described in  
Figure 3b. Proteins considered as significantly enriched are color-coded (cut- 
offs are indicated in the figure). The experiment was performed in triplicates.  

(c) Immunoblot analysis of whole cell lysates (WCL) of the SU-DHL-5 DLBCL cell  
line described in Figure 3b. The experiment was repeated three times with  
similar results.  

(d) Immunoblot analysis of insoluble fraction of U-2-OS cells after transfection  
with specific SENP6 siRNA or control siRNA and induction of MYC for the  
indicated time points (in hours). The experiment was repeated three times with  
similar results.  

(e)  Genome browser picture of read normalized SUMO2/3 ChIPseq profiles from  
SU -DHL-5 cells with low SENP6 expression (EV, grey) or reconstituted for  
SENP6 expression (SENP6, blue). Input is shown in black.  

(f)  Venn diagram (left) showing overlap of SUMO2/3 peaks in SU-DHL-5 cells  
with low SENP6 expression (EV, grey) or reconstituted for SENP6 expression  
(SENP6, blue). Density plot centered at 27693 common SUMO2/3 peaks  
(right). Input is shown in black. Shadow of the curves indicates the SEM of the  
density.   

(g) Transposon insertion pattern in Rad21, Stag1 and Stag2. Only the dominant  
insertion per tumor is shown.  

(h) Volcano plot of differentially expressed genes in human DLBCL (n=73) in  
comparison to germinal center B-cells (n=10). Assessed was GSE12195.  
Components of the cohesin complex which have been identified in the PB  
screen are highlighted.  

Supplementary Figure 9. SENP6 loss and chromatin extraction. 
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(a ) STRING network analysis depicting the interconnection of SENP6 targets and 
2

 
the resulting clusters. For STRING analysis both recently described SENP6 

3
 

targetomes4,5 were combined. The highest confidence filter (0.9) was applied 
4

 
and only connected proteins are visualized. 

5
 

(b)   Venn diagram showing the overlap between CIS genes derived from the Eµ-
6

 
myc  transposon mutagenesis screen and SENP6 target proteins4,5 .  

7
 

(c)  Overlapping candidates from Figure 6d were analyzed using the Reactome 
8

 
database. Color-coded FDR q-value is shown for all significantly enriched 

9
 

pathways. 
10

 

Supplementary Figure 10. Network analysis of SENP6 targets. 
1 
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 (a)  Heat maps showing z-score from for binding of endogenous RAD21 centered  

around common peaks in SU-DHL-5 EV and SU-DHL-5 SENP6 cell lines.  
Input is shown as control and intensity of color indicates binding strength.  

(b)  Pie-chart indicating the genomic location annotation of the selected common  
RAD21 peaks from (a), which are less bound (left) or stronger bound (right) by  
RAD21 upon SENP6 reconstitution. Downstream indicates 300 bp region after  
TES.    

Supplementary Figure 11. RAD21 binding in human DLBCL cells with defined SENP6 status. 
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 Representative images of metaphase spreads from EV and SENP6 SU-DHL-5 2 
cell lines described in Figure 3b. 3 

Supplementary Figure 12. Metaphase spreads of human DLBCL cell lines with 

1

 
defined SENP6 status. 
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(a)   Immunoblot analysis of human SU-DHL-6 DLBCL cells after CRISPR/Cas9-
2

 
mediated depletion of SENP6. The experiment was repeated three times with 

3
 

similar results. 
4

 
(b)  Quantification of the SENP6 western blots in SU-DHL-6 control and SENP6KD 

5
 

cells. Protein expression of SENP6 in control cells was arbitrarily set to 1. Data 
6

 
are presented as mean +/- SD of n=3 independent experiments. P-value 

7
 

determined by unpaired t-test (two-tailed). 8 
(c)  Olaparib dose response curves of SENP6KD and control OCI-Ly1 cells. Cells 9 

were treated for 72h and viability was determined by PI staining and flow 10 
cytometry measurement. Data are presented as mean +/- SD of n=4 11 
independent experiments. 12 

(d) Quantification of flow cytometry results for PI and Annexin V staining of 13 
SENP6 KD and control OCI-Ly1 cells after olaparib or control treatment for 72h. 14 
Apoptosis rate in control treated cells was arbitrarily set to 1. P-value 15 
determined by two-way ANOVA; Bonferroni`s multiple comparisons test. Data 16 
are presented as mean +/- SD of n=3 independent experiments.  17 

(e)  Olaparib dose response curves for human SU-DHL-5 SENP6 cells and SU- 18 
DHL -5 EV control cell line. Cells were treated for 72h and viability was 19 
determined by DAPI staining and flow cytometry measurement. Data are 20 
presented as mean +/- SD of n=3 independent experiments.  21 

(f)  Viability of human SU-DHL-5 SENP6 cells in comparison to SU-DHL-5 EV 22 
control cells after 48h olaparib treatment with the indicated concentrations. 23
Viability determined by DAPI staining and flow cytometry measurement. P- 24 
value determined by two-way ANOVA; Bonferroni’s multiple comparisons test. 25 
Data are presented as mean +/- SD of n=4 independent experiments.  26 
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 2 

Supplementary Figure 13. SENP6 loss drives synthetic lethality to PARPi. 
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(a)   Rnf4 expression in Eµ-myc lymphomas (n=50) in comparison to control B-cells 

2

 
(n=10). Assessed was GSE7897. The center line of the box plot is the median.  
The box extends from the 25th to 75th percentiles. Whisker length is from 

4

 
minimum to maximum.  Data are presented as mean +/- SD. P-value  
determined by unpaired t-test (two-tailed).  

6

 
(b) RNF4 mRNA expression in OCI-Ly1 control and SENP6KD cells after 

7

 
transduction with either empty vector or a RNF4 shRNA construct. RNF4  
expres  sion was normalized to GAPDH. EV, empty vector.  Data are presented 

9

 
as mean +/- SD of n=3 independent experiments.  P-value determined by one-

10

 
way  ANOVA; Tukey’s post hoc test.   

(c )  Immunoblot analysis of OCI-Ly1 control and SENP6KD cells after transduction 

12

 
with either empty vector (EV) or a RNF4 shRNA construct. The experiment  
was repeated three times with similar results. 

14

 
(d ) Quantification of flow cytometry results for Annexin V staining in cell lines  

described in Figure S14b after olaparib treatment for 72h. Data are presented 

16

 
as mean +/- SD of n=6 independent experiments. P-value determined by two-

17

 
way  ANOVA; Tukey’s post hoc test.   

Supplementary Figure 14. SENP6 loss driven sensitivity to PARPi is mediated by RNF4. 
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