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Supplemental Figure 1: (A) Quantification of sister chromatid exchanges in WT and Rnf4~A B cells after 48 hrs growth in vitro. Mean +
S.D. of n=3 experiments shown. (B) Quantification of metaphase chromosome aberrations from B cells of the indicated genotypes. Error
bars show S.D. of the mean. (C) Viability of B cells of the indicated genotypes after two or three days in culture. Viable cells were identified

by FACS on the basis of Pl exclusion. P values were calculated by paired t-test (A), unpaired t-test (B), and two-way ANOVA with Tukey’s
multiple comparison test (C). P < 0.05 was considered significant.
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Supplemental Figure 2: (A) Chromosome aberrations in WT and Rnf4%~2 B cells cultured for 36 hrs in vitro followed by overnight
treatment with either olaparib (2 uM), ionizing radiation (2 Gy), mitomycin C (MMC, 250 nM), cisplatin (1 uM), or methyl methanesulfonate
(MMS, 100 uM). (B) Total chromosome aberrations induced by treatments as shown in (A), after subtracting the number of chromosome
aberrations present in untreated WT and Rnf4~2 B cells. The differences between the means did not meet the threshold for statistical
significance (P < 0.05) in any case. (C) B cell viability after induction of DNA damage. B cells were grown for 72 hrs in culture + olaparib (1
uM) or MMS (100 uM). Viability was measured by flow cytometry based on DAPI exclusion. (D) Representative data for Figure 2B, flow
cytometry analysis of CFSE dilution to measure B cell growth in vitro over 72 hrs. (E) Alkaline comet assay to measure single-strand DNA
breaks in cells of the indicated genotypes after 2 days in culture. MMS treatment was 100 uM, 3 hrs. Mean + S.D. of n=3 experiments
shown. (F) DNA fiber analysis to measure fork stalling and restart after hydroxyurea treatment. (G) Measurement of asymmetry of
replication from single replication origins, measured by DNA fiber analysis. The ratio of the longer replication tract compared to the shorter
tract was quantified for each origin. Mean + S.D. of n=3 experiments shown. (H) Measurement of replication fork velocity by DNA combing
in untreated cells and after treatment with MMS. Mean + S.D. of n=3 experiments shown. For parts A-C and F, error bars represent the
S.D. of the means. P values were calculated by unpaired t-test (A-C, F), paired t-test (E, G), and one-way ANOVA with Tukey’s multiple
comparison test (H). P <0.05 was considered statistically significant.



IP

IgG SUMO2/3
WT Rnf4nn
- - -+ USPTi
[2]
9
®
82
g3
5o Ubiquitin
£8
5=
5
%)

SUMO2/3

Supplemental Figure 3: Western blot to measure levels of ubiquitination of SUMO-conjugated proteins on chromatin in Rnf4~* B cells
after short-term treatment with USP7 inhibitor. B cells cultured in vitro for 48 hrs were either untreated (-) or treated with 50 uM P22077 for
4 hrs. SUMO2/3-conjugates were immunoprecipitated from the chromatin fraction of B cells using an anti-SUMO2/3 antibody, and
subsequently used for detection of ubiquitin.



A

metabolite interconversion enzyme
protein modifying enzyme

gene-specific transcriptional regulator EE———————
protein-binding activity modulator TE——————
transporter ME————
cytoskeletal protein F————
scaffold/adaptor protein FE——
RNA metabolism protein Hm—mm—
translational protein E——
membrane traffic protein ME—
chromatin regulatory protein —
chaperone .
DNA metabolism protein
calcium-binding protein ™
intercellular signal molecule ™
defense/immunity protein ™
transfer/carrier protein ®
transmembrane signal receptor ¥
cell adhesion molecule !
structural protein !
storage protein |

0 20 40

epimerase/racemase

mitochondrial carrier protein T —
immunoglobulin fold transcription factor =————
Rel homology transcription factor m——

dehydrogenase "e———
oxidase =—

small GTPase m—

acyltransferase m——
G-protein m—
oxidoreductase me—

non-receptor serine/threonine protein kinase m—

ribosomal protein s

microtubule or microtubule-binding cytoskeletal protein m—

translational protein

metabolite interconversion enzyme m—

protein-binding activity modulator ms

number of genes

Rnaseh2c

/

Cbxg—Cbx2 Rnaseh2a
Mad2lp———Fold2
=
Rfcs.
&
T~
&

Smarcal——€hracl

Slxdip

F Pias3

Pias2

Pias4

Ndufs1
Ndufa9

Smcé

0 5 10 15 20
fold enrichment
80 100
WT Rnf4nn
-+ - -+ - P22077 8-
- -+ - - + P5091 ’E‘
2 6- .
191=" SUMO02/3 S
g % oo ..’
97— E:/ 4 O % °
o) oge  oa SUMOT
64— E ° 2 UIY\I/IOZ3
——tii 1 - °
51 . d 2 o 2 Q
=)
ko)
14 = M Histone H3 0 T T T 1
: -4 -2 0 2 4

log, Abundance (Rnf4~2 [ WT)

Supplemental Figure 4: (A) PANTHER protein class analysis of proteins
showing increased abundance in Rnf4~ B cells relative to WT after 48 hrs in
vitro culture. (B) PANTHER over-representation test showing enrichment of
protein classes among 455 proteins with increased abundance in Rnf4~2B cells
cultured in vitro for 48 hrs. (C) STRING functional enrichment analysis of
proteins showing significant changes in abundance at replication forks, as
measured by iPOND using B cells from WT and Rnf4~ B cells. (D) Western
blot of chromatin extracts from cells grown in vitro for two days + continual
treatment with USP7 inhibitors, P22077 (2 uM) or P5091 (1 uM). (E) Volcano
plot showing protein abundance in chromatin samples from WT and Rnf4~ B
cells after immunoprecipitation of SUMO2/3. Each data point represents the
average of four samples. (F) STRING functional enrichment analysis of proteins
showing significant changes in abundance in chromatin samples from WT and
Rnf4¥A B cells after immunoprecipitation of SUMO2/3.
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Supplemental Figure 5: (A) Measurement of homologous recombination frequency by DR-GFP assay after transfection with either
control siRNA (siCTRL) or siRNA oligonucleotides targeting RNF4. Efficiency of knockdown is shown by Western blot in the lower panel.
(B) Quantification of RAD51 foci in cells after no treatment (NT), or after 4 hrs recovery from treatment with 10 Gy of ionizing radiation
(IR). (C) Analysis of proportion of WT cells showing >5 ionizing radiation-induced nuclear foci after either no treatment (-) or with the
RADS51 inhibitors, BO2 and RI-1 (1 hr, 50 uM). (D) Homologous recombination efficiency measured by DR-GFP assay in cells that were
either untreated (-) or treated for 1 hr with B02 (20 uM) or RI-1 (50 uM). (E) Measurement of cell cycle by quantification of EAU
incorporation and DAPI binding in splenic B cells after 48 hrs growth in vitro + 10 uM RI-1 or 5 uM B02. (F) Abundance of RAD51 at active
replication forks, measured by iPOND-MS in n=4 replicate samples. (G) RAD51 abundance measured by Western blot in cells that were
either not treated (NT) or treated with 25 ug/ml cycloheximide (CHX) for 4 hrs. (H) Analysis of ubiquitin present in FLAG-RAD51 pulldown
samples in cells treated with either control siRNA (siCTRL) or siRNA targeting RNF4 (siRNF4). Some samples were treated with the
proteasome inhibitor, MG132 (10 uM, 4 hrs). (I) Homologous recombination efficiency measured by DR-GFP in cells that were treated +
siRNF4 and /or the USP7 inhibitor, P22077 (2, 5, 10uM). Error bars in A-F, and | represent the S.D. of the mean. P values were
calculated by unpaired t-test (A, B, F), one-way ANOVA with Tukey’s multiple comparison test (C, I), and one-way ANOVA with Dunnett's
multiple comparison test (D). P < 0.05 was considered significant.
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Supplemental Figure 6: (A) Quantification of proliferation of B cells growing in vitro for 72 hrs, measured by flow cytometry analysis of
CFSE dilution. Rnf4 and Brca1 were deleted either singly or in combination in the B cell lineage by breeding to a CD19-Cre transgenic
line. (B) as (A) but with conditional deletion of Brca2 on a WT or Rnf4~2 background. (C) Quantification of cell viability of cells of the
indicated genotypes, after three days of in vitro B cell culture. Cell viability was measured by DAPI exclusion, as detected by flow
cytometry. (D) As (C) but with deletion of Brca2. (E) Quantification of chromosome aberrations of B cells of the indicated genotypes. (F) As
(E) but with conditional deletion of Brca2. Error bars show the S.D. of the mean in each case, with P values calculated by one-way
ANOVA with Tukey’s multiple comparison test. A P value < 0.05 was considered statistically significant.
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Supplemental Figure 7: (A) Kaplan-Meier analysis showing overall survival of Rnf4**;CD19-Cre or Rnf4"*;CD19-Cre (n = 38), and
Rnf4",CD19-Cre (n = 44). (B) Kaplan-Meier analysis of overall survival of Rnf4**;Trp53*-,CD19-Cre or Rnf4"*; Trp53*-,CD19-Cre (n = 30),
and Rnf4", Trp53*-,CD19-Cre (n = 30). (C) Kaplan-Meier analysis of overall survival of Ey-myc;Rnf4**;CD19-Cre or Eu-myc;Rnf47*;CD19-
Cre (n = 47), and Eu-myc;Rnf4";CD19-Cre (n = 27). (D) Flow cytometry analysis showing EdU uptake by B220" resting B cells from the
spleens of WT, Rnf4¥2, and Eu-myc transgenic mice. (E) Quantification of 53BP1 G1 nuclear bodies, measured by anti-53BP1
immunofluorescence in G1 cells of the indicated genotypes after two days of in vitro culture. Mean + S.D. of n=3 experiments shown. (F)
Expression of RNF4 in different tumor types according to TCGA data sets. (G) Survival of breast adenocarcinoma patients with tumors
expressing either above-median (n = 541) or below-median (n = 541) levels of RNF4. Data from TCGA PanCancer Atlas retrieved through
cBioPortal. (H) Survival of patients with lung adenocarcinoma expressing either above-median (n = 249) or below-median (n = 252) levels
of RNF4. P values in A-C and G-H calculated by log-rank test. P value in E calculated by paired t-test. P < 0.05 was considered significant

in each case.



