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Supplementary Fig. 1 — related to Fig. 1. ZNF384 is recruited to DNA damage sites (A)
Western blot analysis of ZNF384 expression in cells from Figure 1A. Tubulin is a loading
control. Data shown represent 2 independent experiments. (B) Schematic representation of
the laser micro-irradiation approach to study protein accumulation at sites of DNA damage.
An 800 nm multiphoton (MP) laser, 365 nm UV-A laser or Ultra-soft X-ray (USX) irradiation
was used. (C) Representative images of two independent experiments of the accumulation of
ZNF384 at yH2AX-marked 365 nm UV-A tracks in cells transfected with the indicated siRNAs.
Cells were fixed and immunostained 10 minutes after laser micro-irradiation. White triangles
indicate irradiated regions. (D) Accumulation of endogenous ZNF384 at yH2AX-marked DNA
damage inflicted by USX irradiation in U20S Flp-In/T-Rex cells expressing doxycycline (dox)-
inducible GFP-ZNF384. Cells were fixed and immunostained 5 minutes after USX irradiation.
White triangles indicate irradiated regions. (E) Quantification of ZNF384 and yH2AX
accumulation in cells from D. The mean of at least 40 cells acquired in 2 independent
experiments is shown. Data were normalized to the nuclear background outside the irradiated
area, which was set to 1. (F) Accumulation of GFP-ZNF384 at sites of Ku70-marked DNA
damage inflicted by USX irradiation in U20S Flp-In/T-Rex cells expressing doxycycline (dox)-
inducible GFP-ZNF384. Cells were fixed and immunostained 5 minutes after laser micro-
irradiation. White triangles indicate irradiated regions. (left panel). Quantification of ZNF384
and Ku70 is presented as the +SEM of >45 cells acquired in 3 independent experiments. Data
were normalized to the nuclear background outside the irradiated area, which was set to 1
(right panel). P-values were calculated using the two-tailed unpaired Student’s t test. (G) As
in F, but for GFP-ZNF384 and XRCC4. Quantification of ZNF384 and XRCC4 is presented as
the £SEM of 60 cells acquired in 3 independent experiments. P-values were calculated using
the two-tailed unpaired Student’s t test, assuming unequal variances. (H) PLA of 53BP1 and
ZNF384 and yH2AX in AsiSI-ER-U20S cells treated with 4-OHT for DSB induction. PLA foci
were scored after 5 hours of DSB induction. (I) Quantification of H. PLA foci formation and foci
intensity from >200 cells acquired in 2-3 independent experiments are shown. Statistical
significance was calculated with the two-tailed Student’s t test, assuming unequal variances.
(J) Immunoprecipitation (IP) of endogenous ZNF384 from 500uM Phleomycin treated U20S
cells transfected with the indicated siRNAs. Control IP contained beads only. Blots were
probed for ZNF384 and Ku70. Data shown represent 2 independent experiments. Scale bar 5

pMm, except for C in which scale bar is 10 um. Source data are provided as Source Data file.
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Supplementary Fig. 2 — related to Fig. 1. ZNF384 is recruited to DNA damage sites
independent of Ku70/Ku80 and DNA-PKcs (A) Recruitment of GFP-ZNF384 to 365 nm UV-
A tracks in BrdU-sensitized U20S Flp-In/T-Rex ZNF384 KO cells. White triangles indicate
irradiated regions (left panel). Quantification of the data is plotted on a time scale as relative
abundance in tracks. The graph represents the mean +SEM of >40 cells acquired in 3
independent experiments (middle panel). Western blot analysis of Ku80 and DNA-Pkcs
expression. Tubulin is a loading control. Data shown represent 2 independent experiments
(right panel). (B) As in A, except for mCherry-NBS1. (C) Accumulation of endogenous ZNF384
at 365 nm UV-A tracks in BrdU-sensitized U20S cells following transfection with siLuc and
siKu70. Cells were fixed and immunostained 10 minutes after laser micro-irradiation. White
triangles indicate irradiated regions. YH2AX was used as a DNA damage marker. (D)
Quantification of endogenous ZNF384 and yH2AX levels in laser tracks in cells from D is
presented as the mean +SEM of >180 cells acquired in 3 independent experiments (left panel).
Western blot analysis of Ku70 and K80 expression in cells. Tubulin is a loading control. Data
shown represent 2 independent experiments (right panel). (E) Accumulation of endogenous
ZNF384 at 365 nm UV-A tracks in BrdU-sensitized U20S cells following transfection with
siLuc, siKu80 and siDNA-PKcs. Cells were fixed and immunostained 10 minutes after laser
micro-irradiation. White triangles indicate irradiated regions. yYH2AX was used as a DNA
damage marker (left panel). Quantification of endogenous ZNF384 and yH2AX levels in laser
tracks is presented as the mean £SEM of >180 cells acquired in 3 independent experiments
(middle panel). Western blot analysis of Ku80 and DNA-Pkcs expression. Tubulin is a loading
control. Data shown represent 2 independent experiments (right panel). (F) Accumulation of
endogenous ZNF384 at 365 nm UV-A tracks in BrdU-sensitized wildtype (WT) and xrs-5 KO
hamster cells. Cells were fixed and immunostained 10 minutes after laser micro-irradiation.
White triangles indicate irradiated regions. yH2AX was used as a DNA damage marker. (G)
Quantification of F. Endogenous ZNF384 and yH2AX levels in laser tracks are presented as
the mean +SEM of >150 cells acquired in 3 independent experiments. (H) Kinetics of GFP-
ZNF384 recruitment to 800 nm laser tracks in U20S Flp-In/T-Rex ZNF384 KO cells treated
for 1 hour with DNA-PKcs inhibitor prior to laser micro-irradiation. White triangles indicate
irradiated regions (left panel). Quantification of GFP-ZNF384 in laser tracks is presented as
the mean £SD from 2 independent experiments (right panel). (I) Accumulation of endogenous
ZNF384 at 365 nm UV-A tracks in BrdU-sensitized U20S cells treated for 1 hour with DNA-
PKcs inhibitor prior to laser micro-irradiation. Cells were fixed and immunostained 10 minutes
after laser micro-irradiation. White triangles indicate irradiated regions. yH2AX was used as a
DNA damage marker (left panel). Quantification of endogenous ZNF384 and yH2AX levels in

laser tracks is presented as the mean +SEM of >180 cells acquired in 3 independent



experiments (right panel). Statistical significance was calculated with the two-tailed Student’s
t test, assuming unequal variances. Scale bar 5 ym. (J) Western blot analysis of p-DNA-PKcs
(S2056) levels in IR- and DNA-PKcs inhibitor-treated cells used in I. Cells were treated with
DNA-PKi 1 hour before IR exposure. Blots were probed for p-DNA-PKcs (S2056), DNA-PKCcs,

yH2AX. Tubulin and H3 are loading controls. Source data are provided as Source Data file.
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Supplementary Fig. 3 — related to Fig. 1. ZNF384 is recruited to DNA damage sites via
PARP1/PAR (A) Accumulation of endogenous ZNF384 at 365 nm UV-A tracks in BrdU-
sensitized U20S cells treated for 1 hour with PARPI prior to laser micro-irradiation. Cells were
fixed and immunostained 10 minutes after laser micro-irradiation. White triangles indicate
irradiated regions. yH2AX was used as a damage marker (left panel). Quantification of
endogenous ZNF384 and yH2AX levels in laser tracks is presented as the mean +SEM of
>200 cells acquired in 3 independent experiments (right panel). (B) Western blot analysis of
PAR levels in IR treated and PARPI treated cells used in Figure 2A and Figure S3A. Cells
were treated with PARPI 1hr before the IR treatment. Tubulin is a loading control. Data shown
represent 2 independent experiments. (C) yH2AX accumulation at 365 nm UV-A tracks 10
minutes after DNA damage induction in BrdU-sensitized wildtype, PARP1 KO, PARP2 KO and
PARP1/PARP2 KO U20S cells. White triangles indicate irradiated regions (left panel). The
mean +SEM of >180 cells from 3 independent experiments is shown (right panel). (D) Western
blot analysis of PARP1 and PARP2 expression in cells from Figure 2B and Figure S3C.
Tubulin is a loading control. Data shown represent 2 independent experiments. (E)
Accumulation of endogenous ZNF384 at 365 nm UV-A tracks in BrdU-sensitized U20S cells
transfected with the indicated siRNAs. Cells were fixed and immunostained 10 minutes after
laser micro-irradiation. White triangles indicate irradiated regions. yYH2AX was used as a
damage marker (left panel). Quantification of endogenous ZNF384 and yH2AX levels in laser
tracks is presented as the mean £SEM of > 200 cells acquired in 3 independent experiments
(right panel). (F) Western blot analysis of PARP3 expression in cells from Figure S3E. Tubulin
is a loading control. Data shown represent 2 independent experiments. (G) Accumulation of
endogenous Ku80 at 365 nm UV-A tracks in BrdU-sensitized U20S cells transfected with the
indicated siRNAs. Cells were fixed and immunostained 10 minutes after laser micro-
irradiation. White triangles indicate irradiated regions (left panel). Quantification of
endogenous Ku80 levels in laser tracks is presented as the mean +SEM of >120 cells acquired
in 3 independent experiments (right panel). (H) As in G, except for PAR. (I) Pull-downs of
GFP-ZNF384 and GFP-NLS under denaturing conditions in untreated and phleomycin
(Phleo)-treated U20S Flp-In/T-Rex cells expressing doxycycline (dox)-inducible GFP-ZNF384
or GFP-NLS. Cells were also treated with PARPI (Olaparib) for 1 hour prior to the phleomycin
treatment. Blots were probed for PAR, PARP1 and GFP. Data shown represent 2 independent
experiments. Statistical significance was calculated with the two-tailed Student’s ¢ test,

assuming unequal variances. Scale bar 5 um. Source data are provided as Source Data file.
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Supplementary Fig. 4 — related to Fig. 2. ZNF384 is recruited to DNA damage sites via
PARP1/PAR dependent chromatin unfolding (A) Schematic of the fluorescence three-
hybrid assay (F3H). Prior to laser irradiation, a GFP-tagged bait protein which is tethered to a
genomically integrated LacO array through a Lacl-GFP binding protein (LacO-trap) does not
show enrichment of mCherry-PARP1 at the LacO array. After laser micro-irradiation, mCherry-
PARP1 diffuses away from the site of damage in a PARylated state. If the tethered GFP-
tagged bait protein can interact with PARylated PARP1 (bottom left), mCherry-PARP1 will
enrich at the LacO array. If the tethered protein of interest does not interact with the tethered
bait protein (bottom right), there is no enrichment of mCherry-PARP1 at the LacO array. (B)
Western blot analysis of PAR levels in H,O, and PARPi or PARGI treated cells used in Figure
S4D. Cells were treated with 2 mM H»O, for 10 min to induce PARYylation. Blot was probed
with panADPr. Actin is a loading control. Blots are representative of 3 independent replicates.
(C) Fluorescence images of in situ PAR binding three-hybrid assays. Lacl-GFP-macroH2A1.1
(GFP-macro) was tethered to a LacO array in Hoechst-sensitized cells co-expressing
mCherry-PARP1 treated for 1 hour with PARPi or PARGi prior to 405 nm laser micro-
irradiation. White triangles indicate irradiated regions. Inset shows the magnified LacO array.
Insets are pseudocolored according to the look-up table displayed on the right. Scale bar 5
um. (D) The mean intensity of mCherry signal at the LacO array from 19-20 cells was
quantified pre damage and 60 seconds post damage. Data shows mean intensity of the
mCherry signal at the LacO array +SEM. Cells were treated for 1 hour with PARPi or PARGI
prior to micro-irradiation. (E) Fluorescence images of in situ PAR binding three-hybrid assays.
GFP-ZNF384 or GFP-macro was tethered to a LacO array in Hoechst-sensitized cells co-
expressing mCherry-PARP1 prior to 405 nm laser micro-irradiation. White triangles indicate
irradiated regions. Inset shows the magnified LacO array. Insets are pseudocolored according
to the look-up table displayed on the right. (F) The mean intensity of mCherry signal at the
LacO array from 12-15 cells was quantified pre damage and 60 seconds post damage. The
boxplot limits correspond to the 25" and 75™ percentiles and the center line in the box indicates
the median value. The whiskers extend 1.5 times the interquartile range. P-values were
calculated using the two-tailed Student’s t test, assuming unequal variances. Scale bar 5 ym.

Source data are provided as Source Data file.
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Supplementary Fig. 5 — related to Fig. 2. ZNF384 is recruited to DNA damage sites via
PARP1/PAR dependent chromatin unfolding. (A) Confocal images showing accumulation
of GFP-WWE at sites of 405 nm laser micro-irradiation in Hoechst-sensitized U20S cells.
Cells were left untreated or treated with PARPi or PARPi and PARGiI 240 seconds after DNA
damage induction. White triangles indicate irradiated regions. Scale bar 5 ym. (B) Boxplot
showing the accumulation of GFP-WWE at 450 seconds post irradiation from cells in A.
Boxplots show the first, median and third quartiles from a representative of 3 independent
replicates. The whiskers extend 1.5 times the interquartile range. P-values were calculated
using the two-tailed unpaired Student’s t test, assuming unequal variances. (C) Chromatin
relaxation was measured for each of the overexpression conditions from Figure 2G. The mean
+SEM from 13-16 cells from a representative of 3 independent experiments is shown. (D)
Western blot analysis of the indicated proteins in soluble and chromatin fractions from
untreated and phleomycin treated U20S cells. H3 is the loading control. YH2AX is a DNA
damage marker. A representative experiment is shown. (E) Quantification of ZNF384 levels
on chromatin in cells from D. H3 is a loading control, which was used for normalization of
ZNF384 levels on chromatin. The mean +SEM from 4 independent experiments is shown. P-
values were calculated using the Student's t test, assuming unequal variances. (F)
Representative images of Hoechst-sensitized U20S Flp-In/T-Rex ZNF384 KO cells in which
FRAP measurements were performed to assess the local turnover of GFP-ZNF384 at DNA
damage sites. DNA damage was induced in the region indicated with a dashed line using 405
laser micro-irradiation. Subsequent FRAP was induced in a subarea within the damaged
region, as indicated with an unbroken line. Images are pseudocolored according to the look-
up table displayed on the right. Scale bar 4 um. (G) Normalized FRAP curves from F. Data
show mean *SEM from 14 cells per condition from a representative of 3 independent
replicates (H) Boxplot showing the characteristic recovery times estimated from the FRAP
curves shown in F. The boxplot limits correspond to the 25" and 75t percentiles and the center
line in the box indicates the median value. The whiskers extend 1.5 times the interquartile
range. P-values were calculated using the two-tailed paired Student’s t test. (I) Normalized
FRAP curves of the GFP-tagged DNA binding domain BZIP from the transcription factor C-
EBPa and DNA damage induction in U20S cells (left panel). Normalized FRAP curves of
GFP-tagged CHD4 and DNA damage induction in U20S cells (right panel). (J) Normalized
FRAP curves of GFP-Ku70 and DNA damage induction in RPE1-hTERT cells. The mean +SD
is shown from 14 cells per condition from a representative of 2 independent replicates. Source

data are provided as Source Data file.
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Supplementary Fig. 6 — related to Fig. 3. ZNF384 is recruited to sites of DNA damage in
manner dependent on its ability to bind DNA (A) SDS-PAGE analysis of the indicated
purified His-MBP-tagged proteins. Data shown represent 2 independent experiments. (B) DNA
binding by His-MBP-ZNF384 and His-MBP to biotinylated T-rich ssDNA (ssDNA(T)) by BLI.
(C) Pulldowns of the indicated biotinylated DNA or RNA substrates in the presence of His-
MBP-ZNF384 or His-MBP. Blots were probed for MBP. Data shown represent 2 independent
experiments. (D) Representative images of U20S Flp-In/T-Rex ZNF384 KO cells expressing
either GFP-tagged full-length ZNF384 or AC2H2. Cells were co-stained with Hoechst or 5-
Ethynyl Uridine (5-EU) to assess their colocalization with DNA or RNA (left panel). The levels
of colocalization between ZNF384 or AC2H2 and DNA or RNA were assessed using the
Pearson coefficient (right panel). The mean xSD is shown from >23 cells per condition. The
boxplot limits correspond to the 25" and 75™ percentiles and the center line in the box indicates
the median value. The whiskers extend 1.5 times the interquartile range. For GFP-ZNF384 +
Hoechst vs GFP-ZNF384 + 5-EU, p= 7.1156x107. For GFP-ZNF384 + Hoechst vs GFP-
AC2H2 + Hoechst, p= 4.027x10-'2, P-values were calculated using the two-tailed unpaired

Student’s t test, assuming unequal variances. Source data are provided as Source Data file.
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Supplementary Fig. 7 — related to Fig. 3. ZNF384 is recruited to sites of DNA damage
via its C2H2 domain (A) DNA pulldowns of biotinylated DNA with a 3’overhang in the
presence of the indicated ZNF384 proteins. Blots were probed for MBP. For each protein,
input signals were used for normalization of the pulldown signals. The mean of 2 independent
experiments is indicated below the blot. A representative experiment is shown. N.D. = not
detectable. (B) DNA binding by the indicated ZNF384 proteins to DNA with a 3’overhang as
measured by BLI. Quantification of the data is plotted on a time scale and normalized to His-
MBP alone. (C) DNA pulldowns of biotinylated T-rich ssDNA (ssDNA(T)), biotinylated DNA
with a 5’overhang or biotinylated DNA with a 3’'overhang in the presence of His-MBP-C2H2 or
His-MBP (control). Blots were probed for MBP. His-MBP-C2H2 pulldown signals were
normalized to that in the input, which was set to 1. The mean from 3 independent experiments
is indicated below the blot. His-MBP was not detectable in pulldowns. A representative
experiment is shown. (D) DNA binding of His-MBP-C2H2 to biotinylated T-rich ssDNA
(ssDNA(T)), biotinylated DNA with a 5’overhang or biotinylated DNA with a 3’overhang as
measured by BLI. Quantification of the data is plotted on a time scale and normalized to His-
MBP (control). (E) Pulldowns of the indicated GFP-fusion proteins in U20S Flp-In/T-Rex cells.
Blots were probed for GFP, ZNF384 and Tubulin. Data shown represent 2 independent
experiments. (F) Live cell imaging of mCherry-NBS1 to 365 nm UV-A tracks in BrdU-
sensitized ZNF384 KO U20S Flp-In/T-Rex cells. mCherry-NBS1, which was co-expressed
with GFP-ZNF384 proteins, served as a DNA damage marker for Figure 3D. Representative
images are shown. White triangles indicate irradiated regions. Scale bars 10 um (upper panel).
Quantification of the data is shown as mean +SEM from 30-40 cells (lower panel). (G)
Schematic representation of full-length ZNF384 and three deletion mutants (AC2H2, AN-
terminus and AC-terminus). (H) Representative images of cells from Figure 3E in which the
FRAP measurements are performed to assess the local dynamics of the indicated GFP-
ZNF384 constructs. FRAP area is indicated with a dashed line. Images are pseudocolored
according to the look-up table displayed on the bottom. Scale bar: 4 ym. Source data are

provided as Source Data file.
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Supplementary Fig. 8 — related to Fig. 4. ZNF384 modulates the loading of Ku70/Ku80
at DNA damage sites (A) Western blot analysis of the indicated proteins in soluble and
chromatin fractions from U20S cells. Blots were probed for the indicated proteins. H3 and
Tubulin are loading controls. A representative experiment is shown. Ku70 levels in chromatin
were first normalized to H3 levels. Ku70/H3 ratios were then normalized to that for siLuc, which
was set to 1. Quantifications are shown as the mean from 2 independent experiments. (B)
Normalized FRAP curves of GFP-Ku70 in RPE-hTERT cells transfected with the indicated
siRNAs in the absence of DNA damage. The mean xSD is shown from 20-21 cells per
condition. (C) Normalized FCS autocorrelation curves of GFP-Ku70 in RPE1-hTERT cells and
GFP-ZNF384 in U20S cells in the absence of DNA damage. The mean +SEM is shown from
10-16 cells analyzed per condition. (D) Boxplot showing the residence times of GFP-Ku70 and
GFP-ZNF384 in RPE1-hTERT and U20S cells, respectively, as measured by FCS. 10-15
cells were analyzed per condition. The boxplot limits correspond to the 25" and 75®
percentiles and the center line in the box indicates the median value. The whiskers extend 1.5
times the interquartile range. P-values were calculated using the two-tailed unpaired Student’s
t test, assuming unequal variances. (E) DNA pulldowns of biotinylated DNA with a 3’overhang
in the presence of His-Ku70/Ku80, His-MBP-ZNF384 or His-MBP (control) alone or His-
Ku70/Ku80 in combination with His-MBP-ZNF384 or His-MBP (control). Blots were probed for
MBP and Ku80. Ku80 pulldown signals were normalized to that in the pulldown lacking His-
MBP-ZNF384, which was set to 1. The mean from 4 independent experiments is indicated
below the blot. His-MBP was not detectable in pulldowns. (F) GFP-Ku70 recruitment to 365
nm UV-A tracks in cells treated with PARPI for 1 hour before laser micro-irradiation. White
triangles indicate irradiated regions (left panel). Quantification of the data is presented as the
mean +SEM of >100 cells acquired in 3 independent experiments (right panel). (G) As in F,
except for mCherry-NBS1. (H) Western blot analysis of PAR levels, which likely reflect PARP1
autoPARYylation, in phleomycin- and PARPiI-treated cells from F and G. Cells were treated with
PARRPI for 1 hour before IR treatment. Blots were probed for PAR, GFP and Tubulin. Tubulin
is a loading control. Data shown represent 2 independent experiments. Statistical significance
was calculated using the two-tailed unpaired Student’s t test, assuming unequal variances.

Scale bar 5 ym. Source data are provided as Source Data file.
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Supplementary Fig. 9 — related to Fig. 4. ZNF384 facilitates the recruitment rather than
the retention of Ku70/Ku80 at sites of DNA damage (A) FRAP curves of GFP-Ku70 at the
DNA lesions fitted with two alternative models: i) a diffusion-limited model which assumes that
Ku interacts only very transiently with DNA at the sites of damage, and ii) a reaction-limited
model which is valid if the fluorescence recovery is limited by the long lifetime of the interaction
between Ku and the DNA lesions [1]. The mean +#SEM is shown from 15 cells from a
representative of 3 independent experiments is shown. (B) FCS curves of GFP-Ku70 at the
DNA lesions fitted with models assuming either one or two population dynamics. Based on
the 2-population fit, the fast population displays a characteristic diffusion time of 590+70
pseconds within the confocal volume. Given that the molecular weight of the GFP-tagged
Ku70/Ku80 complex (180 kDa) is ~6 times larger than GFP only, and that GFP shows a
diffusion time of approximately 300 pseconds when diffusing through the nucleus [2], the
Stockes-Einstein equation predicts that the diffusion time on an unbound Ku70/Ku80 complex
should be equal to 300*6"3=550 useconds. Therefore, it seems reasonable to assume that
the fast population of Ku seen by FCS corresponds to freely diffusing Ku complexes. The
mean £SEM is shown from 10 cells from a representative of 3 independent experiments. (C)
FRAP curves of GFP-Ku70 at the DNA lesions obtained for two different bleaching area and
fitted with a reaction-limited model for the timepoints at more than 3 seconds post
photobleaching. The mean +SEM is shown from 15 cells from a representative of 3
independent experiments is shown. (D) kor parameters estimated from the reaction-limited
model for the two different sizes of bleached area from C. The mean +SEM is shown from 15
cells from a representative of 3 independent experiments is shown. The boxplot limits
correspond to the 25" and 75™ percentiles and the center line in the box indicates the median
value. The whiskers extend 1.5 times the interquartile range. P-values were calculated using
the two-tailed unpaired Student’'s t test, assuming unequal variances. Source data are

provided as Source Data file.
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Supplementary Fig. 10 — related to Fig. 5 and 6. ZNF384 is dispensable for cNHEJ
complex stability (A) Pull-downs of the indicated GFP fusion proteins in IR treated RPE-
hTERT cells transfected with indicated siRNAs. Blots were probed for GFP, Ku80, ZNF384,
yH2AX and H3. Data shown represent 2 independent experiments. (B) Nuclear localization of
GFP-APLF in U20S Flp-In/T-Rex cells expressing doxycycline (dox)-inducible GFP-APLF
transfected with the indicated siRNAs (left panel). Quantification of the data is presented as
the mean of >200 cells acquired in 2 independent experiments (right panel). (C) Western blot
analysis of Ku80 in cells from B. Tubulin is a loading control. Data shown represent 2
independent experiments. (D) Nuclear localization of GFP-APLF in wildtype and Ku80”- mouse
embryonic stem (ES) cells (left panel). Quantification of the data is presented as the mean of
>60 cells acquired in 2 independent experiments (right panel). (E) Pull-downs of the indicated
GFP fusion proteins transfected with indicated siRNAs in U20S cells. Blots were probed for
GFP, Ku80, ZNF384 and tubulin. Data shown represent 2 independent experiments. (F)
Kinetics of GFP-ZNF384 recruitment to 365 nm UV-A tracks in BrdU-sensitized U20S Flp-
In/T-Rex ZNF384 KO cells. White triangles indicate irradiated regions (left panel).
Quantification of GFP-ZNF384 is presented as the mean £SD from >120 cells acquired in 2
independent experiments (right panel). (G) Kinetics of GFP-Ku70 recruitment to 365 nm UV-
A tracks in BrdU-sensitized RPE1-hTERT cells. White triangles indicate irradiated regions.
(left panel). Quantification of GFP-Ku70 is presented as the mean +SD from >120 cells
acquired in 2 independent experiments (right panel). (H) Kinetics of GFP-APLF recruitment to
365 nm UV-A tracks in BrdU-sensitized U20S Flp-In/T-Rex GFP-APLF cells. White triangles
indicate irradiated regions (left panel). Quantification of GFP-APLF is presented as the mean
+SD from <120 cells acquired in 2 independent experiments (right panel). Statistical
significance was calculated with the two-tailed unpaired Student’s f test, assuming unequal

variances. Scale bar 5 ym. Source data are provided as Source Data file.
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Supplementary Fig. 11 — related to Fig. 6. ZNF384 promotes recruitment of cNHEJ
proteins independently of DNA-PKcs. (A) Western blot analysis of DNA-PK activation 1
hour after 10 Gy of irradiation radiation (IR) in U20S cells transfected with the indicated
siRNAs. Blots were probed for p-DNA-PKcs (S2056), DNA-PKcs, Ku80 and ZNF384. Tubulin
is a loading control. Data shown represent 3 independent experiments. (B) Western blot
analysis of DNA-PK activation 1 hour after 10 Gy of irradiation radiation (IR) in wildtype and
Ku80”- mouse embryonic stem cells. Blots were probed for p-DNA-PKcs (S2056), Ku80 and
yH2AX. H3 and tubulin are loading controls. Data shown represent 2 independent
experiments. (C) Endogenous XRCC4 recruitment to 365 nm UV-A tracks 10 minutes after
damage induction in U20S cells transfected with the indicated siRNAs. yH2AX is a damage
marker. White triangles indicate irradiated regions. (D) XRCC4 quantification of C. Data shows
the mean +SEM of >150 cells acquired in 3 independent experiments (E) YH2AX quantification
of C. The mean +SEM from 3 independent experiments is shown. Data were normalized to
siLuc, which was set to 100%. (F) Western blot analysis of DNA-PKcs, Ku80, ZNF384, yH2AX
and Tubulin in cells from C. Tubulin is a loading control. Data shown represent 2 independent
experiments. (G) GFP-DNA-PKcs recruitment to 365 nm UV-A tracks in BrdU-sensitized
HCT116 cells treated with PARPi for 1 hour before laser micro-irradiation. White triangles
indicate irradiated regions (left panel). Quantification of the data is presented as the mean
+SEM of >100 cells acquired in 3 independent experiments (right panel). (H) As in G, except
for mCherry-NBS1. (I) Western blot analysis of PAR levels in IR- and PARPI -treated cells
from G. Cells were treated with PARPI for 1 hour before IR treatment. Blots were probed for
PAR, GFP and Tubulin. Tubulin is a loading control. Data shown represent 2 independent
experiments. Statistical significance was calculated with the two-tailed unpaired Student’s ¢
test, assuming unequal variances. Scale bar 5 ym. Source data are provided as Source Data

file.
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Supplementary Fig. 12 — related to Fig. 6. ZNF384 and PARP1, as well as DNA-Pkcs and
PARP1, function epistatically in cNHEJ (A) Endogenous XRCC4 recruitment to 365 nm UV-
A tracks in BrdU-sensitized U20S cells transfected with the indicated siRNAs. Cells were fixed
and immunostained 10 minutes after laser micro-irradiation. White triangles indicate irradiated
regions. YH2AX is a damage marker. (B) YH2AX quantification of A. Data shows the mean
+SEM of >240 cells acquired in 4 independent experiments (C) XRCC4 quantification of A.
The mean +SEM from 3 independent experiments is shown. Data were normalized to silLuc,
which was set to 100%. (D) Western blot analysis of ZNF384, DNA-PKcs and PARP1 in cells
from A. Tubulin is a loading control. Data shown represent 2 independent experiments.
Statistical significance was calculated with the two-tailed unpaired Student’s t test, assuming

unequal variances. Scale bar 5 um. Source data are provided as Source Data file.
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Supplementary Fig. 13 — related to Fig. 7. ZNF384 promotes efficient NHEJ
independently of transcription (A) Cell cycle profile of the indicated siRNA-transfected
U20S cells. The fraction of G1-, S- and G2-phase cells was determined by propidium iodide
staining and FACS analysis. >30000 cells per condition were analyzed. Data show mean
+SEM from 3-4 independent experiments. (B) Western blot analysis of ZNF384 expression in
U20S cells from A. Tubulin is a loading control. Data shown represent 2 independent
experiments. (C) Western blot analysis of the expression of NHEJ factors in siRNA transfected
ZNF384 knockdown U20S cells. Blots were probed for ZNF384, 53BP1, DNA-PKcs, Ku80,
Ku70, PARP1, XRCC4 and LIG4. Tubulin is a loading control. (D) Quantification of XRCC4
expression in cells from C. Tubulin is a loading control, which was used for normalization of
XRCC4 expression. The mean xSD from 2 independent experiments is shown. Data were
normalized to WT + siLuc, which was set to 1. (E) Quantification of XRCC4 expression in cells
from Figure 7E. Tubulin is a loading control, which was used for normalization of XRCC4
expression. The mean £SD from 2 independent experiments is shown. Data were normalized
to WT + siLuc, which was set to 1. (F) Western blot analysis of IR-induced ATM
phosphorylation (p-ATM) at Ser1981 and CHK1 phosphorylation (p-CHK1) at Ser345. Cells
were collected 1 hour after exposure to 10 Gy of IR. Blots were also probed for ATM, ZNF384,
CHK1 and Tubulin. Tubulin is a loading control. A representative blot from 3 independent
experiments is shown. (G) Quantification of ATM expression in cells from F. Tubulin was used
for normalization of ATM expression. The mean +SEM from 3 independent experiments is
shown. Data were normalized to siLuc - IR, which was set to 1. (H) As in G, except for CHK1.
() As in G, except for pATM. (J) As in G, except for pCHK1. Statistical significance was
calculated with the two-tailed unpaired Student’s t test, assuming unequal variances. Source

data are provided as Source Data file.



Singh et al_Supplementary Fig. 14

a p = 0.0009 b
p=143x10° 100
—> DR-GFP p=2.07x10% p=283x10°
T 1
GFP-| Puro | GFPA3’ } 1007 soe
I-Scel = 804 %o
l |-Scel endonuclease ? %I—‘ =
o 607 2
) on
|:| | | Puro | GFPA3 } ° 40 2
T
[
} HR 2 20]
o ° = silLuc
4 Ii?l — SiZNF384-1
GFPA3' 0 . . . . . — SiZNF384-3
RO N N o = SIBRCA1
N N o o o 10 T )
& & & 0 10 100
N 2 Olaparib (nM)
+|-Scel
c d
siLuc SIZNF384-1 SiZNF384-3 siKu80
N D
W W N
&
g & &£ &
kDa: & 6(\’ o)ﬂ' ,§>
73 . . ZNF384
220 mu BRCA1
50 Tubulin
U20S
€ s, g
M siLuc 2501
[l siZNF384-1 ‘ P =0.5658
B sizNF384-3 p = 0.4766 p=0.1114
M sikuso p=03779 2004 °
1004 o N
&
150 o « & S
kDa 2 2 2 2

RPA foci number in geminin-positive cells

504

100+

a
o
1

50 L— = == -;ITubunn

Mean RPA foci intensity in geminin-positive cells (a.u.)

o
l

+5Gy IR, 4h

+5Gy IR, 4h
60 1 p = 0.3668
[l siLuc [
SiZNF384-1 SiZNF384-3 M sizZNF384-1 °
M sizNF384-3 .
[ ]
401 p=0.1945

201

% of geminin positive cells with >5 RAD51 foci

-IR + 5Gy IR, 6h



Supplementary Fig. 14 — related to Fig. 7. ZNF384 is dispensable for HR (A) Schematic
of the DR-GFP reporter for HR (left panel). Quantification of HR efficiencies in 3 independent
DR-GFP- U20S transfected cells with the indicated siRNAs. I-Scel transfection was corrected
by co-transfection with mCherry expression vector. The mean +SEM from 3 independent
experiments is shown (right panel). (B) Clonogenic survival of U20S cells transfected with the
indicated siRNAs following treatment with the PARPi. The mean +SEM from 3 independent
experiments is shown. (C) Western blot analysis of ZNF384 and BRCA1 expression in U20S
cells. Tubulin is a loading control. Data shown represent 2 independent experiments. (D) RPA
foci formation in U20S cells transfected with the indicated siRNAs. Cells were exposed to 5
Gy of IR and foci were scored after 4 hours. (E) Quantification of RPA foci formation in cells
from D. Foci were quantified in immuno-stained, geminin-positive S/G2 phase cells. The mean
+SEM from >200 cells from 3-4 independent experiments is shown. (F) As in E, except that
RPA foci intensity was measured. (G) Western blot analysis of ZNF384 and Ku80 expression
in cells from D. Tubulin is a loading control. (H) RAD51 foci formation in U20S cells transfected
with the indicated siRNAs. Cells were exposed to 5 Gy of IR and foci were quantified after 6
hours (left panel) The mean +SEM from >300 cells from 2-3 independent experiments is
shown. Foci were quantified in immuno-stained, geminin-positive S/G2 phase cells (right
panel). Statistical significance was calculated with the two-tailed unapired Student’s ¢ test,

assuming unequal variances. Scale bar 5 ym. Source data are provided as Source Data file.
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Supplementary Fig. 15 — related to Fig. 7. ZNF384 promotes DSB repair via cNHEJ (A)
Schematic of the GC92 reporter for NHEJ. (B) Western blot analysis of ZNF384 and Ku80
expression in GC92 fibroblasts. Tubulin is a loading control. Data shown represent 2
independent experiments. (C) Mutational signatures (top left panel, deletion sized (top right
panel) and microhomology usage (in case of deletion formation) (bottom panel) at repair
junctions in GC92 reporter for NHEJ. GC92 cells were transfected with the indicated siRNAs
and [-Scel expression vector. Repair junctions were amplified by PCR and Sanger-
sequenced. (D) Clonogenic survival of VH10-SV40 cells transfected with the indicated siRNAs
and exposed to 4 Gy of IR. The mean +SEM from 4 independent experiments is shown. P-
values were calculated using the two-tailed unpaired Student's t test, assuming unequal
variances. (E) Western blot analysis of ZNF384 and XRCC4 expression in cells used in D.
Tubulin is a loading control. Data shown represent 2 independent experiments. (F) yYH2AX foci
formation (green) in stable Monomeric Kusabira-Orange (mKO)-Cdt1 expressing U20S cells
transfected with the indicated siRNAs. Cells were exposed to 2 Gy of IR and foci were scored
after 15 minutes, 45 minutes, 2 hours and 24 hours. (G) Quantification of yYH2AX foci formation
in Cdt1-positive G1 phase cells from F. The mean +SEM from 2-4 independent experiments.
Statistical significance was calculated with the two-tailed unpaired Student’s t-test, assuming
unequal variances. (H) Western blot analysis of ZNF384 and Ku80 expression in cells from F.
Tubulin is a loading control. Data shown represent 2 independent experiments. (I) Gating
strategy for flow cytometric analysis of cells for DR-GFP and EJ5- GFP reporter assays, as
well as random plasmid integration assays. Scale bar 10 um. Source data are provided as a

Source Data file.



Supplementary Table 1. Statistical analysis comparing LFQ intensities of proteins identified by LC-MS/MS in GFP-pulldowns from U20S Flp-In/T-Rex cells expressing
either GFP-ZNF384 or GFP-NLS. -Log p-value and average fold-enrichment (log2) are indicated. Additional information from the analysis of identified proteins is also included.

GENE GFPZNF 384 vs GFP WMiscalancous Valies 1
Fasta headers _Protein names __Gene namelt Significantr-test p-valLst Di ptide: Razor + Unique | Sequence Unique + Unique : Mol. weigh Q-value Score Intensity MS/MS Protein | Majority §GFP-1 GFP-2 GFP-3'NF384- NF384 ZNF384-3
SPIQE T COZIZN ZInC Tngor protein ZNr 363 + ERE] SO 7 a— 0 T T B T T (R R = 7 o Y T VTEY R N N R T TN
SpIP13010)XRC! X-ray repair cross- XRCC5 + 346 7,90 28 28 28 548 548 548 82704 0 3233 1,3E+10 116 P13010; P13010 | 2398 2336 2568 3240 32,19 32,12
SplP12956XRC! X-ray repair cross- XRCC6 + 533 7,85 2 %2 %2 514 514 514 69,842 0 3209 1,5E+10 179 P12056; P12056:f 24,32 24,49 24,99 32,36 32,31 32,69
Sp|QINUAB|ZB1 Zinc finger and BT ZBTB40 + 185 6,21 34 34 34 347 347 347 13812 0 3233 7,5E409 158 QONUAE QINUAG 27,83 24,02 2331 32,29 30,63 30,89
SplP34932/HSP" Heat shock 70 kD: HSPA4 + 2,93 541 23 23 21 307 307 279 9433 0 2165 3,7E+09 92 P34932; P34932:§ 2510 2390 26,12 3070 30,33 30,33
splP11021[BIP_ 78 kDa glucose-re HSPAS + 549 423 2 a2 u 566 566 566 72332 0 3233 55E+10 331 P11021 P11021 | 30,11 2001 30,07 3431 34,07 34,40
plP11142]HSP" Heat shock cognal HSPAS + 501 3,94 9 38 21 613 613 356 70897 0 3233 1,7E+11 418 P11142; P11142, 31,97 31,91 31,94 3588 3564 36,12
5p|Q08209-2IPF Serine/threonine-p PPP3CA + 284 374 313 7 264 264 147 57658 0 37,58 26409 50 Q08209- Q08209-] 2502 2599 26,08 30,10 28,97 29,25
(r/AOAOG2UIW 1] Heat shock 70 kD: HSPATBH|  + 525 373 8 24 M 511 466 224 70,108 0 3233 25E+10 172 AOAOG2 A0AOG2] 2042 2920 29,50 33,16 32,95 33,29
Sp|P09874|PARI Poly [ADP-ribose] PARP1 + 4554 3,68 47 41 47 486 486 486 11308 0 3233 28E+10 281 P09B74; P984 | 2080 2072 20,27 3337 33,25 33,19
SplP38646|GRP Stress-70 protein, HSPAY + 485 363 4 40 40 558 558 558 7368 0 3233 5E+10 345 P38646; P38646 | 30,50 30,41 3048 34,07 33,86 34,35
5p|Q92598-2IHS Heat shock proteir HSPH1 + 481 3,50 2 20 2 318 308 291 92115 0 260 7.2E409 99 QU2598- QU2598-] 28,00 27,68 27,77 31,44 31,12 3140
5pl015294|0GT UDP-N-acetylgluc: OGT . 3,64 3,38 4 4 4 63 63 63 11692 0 1723 3E+08 12 O15204; 015294] 23,04 2375 2358 2673 26,62 27,16
SpIP14618[KPYI Pyruvate kinase P PKM + 489 3,26 35 35 35 569 569 569 57,036 03233 7E+10 312 P14618; P14618)§ 31,18 3120 31,35 3443 3442 34,77
p|Q93009|UBP Ubiquitin carboxyl- USP7 . 182 3,20 6 6 6 67 67 67 1283 0 1833 27E+08 18 Q93009; Q93009.] 24,17 21,87 23,99 26,05 26,65 26,93
plP16298|PP2t Serinelthreonine-p PPP3CB + 2,92 2,96 9 3 3 197 82 82 50024 0 1024 2,2E+08 4 P16208; P16298:f 23,36 23,92 22,97 26,05 2626 26,82
splP35251-2|RF Replication factor | RFC1 + 3,64 2,92 2 12 12 18 18 118 12818 03724 1E+09 35 P35251- P35251] 2561 2538 2554 2824 28,17 28,87
\fIE7EWP2IETE Triple functional d: TRIO + 3,16 2,89 4 4 4 22 22 22 26268 0 4,157 2,3E+08 5 E7TEWP: ETEWP] 2382 2289 2366 2631 2619 26,54
5p|0431431DHX Pre-mRNA-splicin DHX15 101 2,89 6 6 6 91 91 91 90,932 0 9,827 4,6E+08 8 043143 043143 | 23,15 22,53 2667 26,28 27,51 27,23
SplQ9Y3F4ISTR Serinethreonine k STRAP + 1,86 2,50 4 4 4 177 77 177 38438 0 16,15 2,3E+08 5 QOY3F4 QOY3F4f 22,67 24,12 2467 2632 2628 26,35
SplP28482|MKO Mitogen-activated MAPK 1 + 373 2,38 4 4 4 156 156 156 41389 0 2078 34E+08 12 P28482; P28482§ 2446 2421 24,63 2682 26,58 27,04
5plQ0BJ23-3INS tRNA (cytosine(34 NSUN2 122 2,34 3 3 3 83 83 83 59,383 0 9,354 126408 4 Qo8J23- QUBJ23| 23,02 24,52 2142 2531 2520 2548
tr|HOY4R1[HOY Inosine-5-monoph: IMPDH2 + 321 207 10 10 10 232 282 232 50957 0 1125 36E+09 74 HOYAR! HOY4R1]27.99 2768 28,09 3006 29,93 30,57
SPIQBNHY2-2IC E3 ubiquitin-protei RFWD2 . 2,17 219 2 2 2 47 47 47 7760 0 1022 9,6E+07 5 QBNHY: Q8NHYH 2345 2225 2341 2524 2495 2548
5pl014744-2/AN Protein arginine N- PRMT5 + 172 2,05 4 4 4 94 94 94 71319 0 1339 26408 6 014744- 014744 23,19 24,46 2413 26,50 2523 26,22
(r|AOA2COF2P4] Paimitoyl-protein t PPT1 0,97 1,99 2 2 2 108 108 108 34,136 0 825 2,8E+08 5 AOA2CY AOA2COf 2328 2561 2242 2566 2570 2591
SplP35249|RFC: Replication factor | RFC4 + 177 1,04 6 6 6 264 264 264 39681 0 1212 5E+08 15 P35249; P35249,§ 2562 2573 24,41 27,01 26,87 27.70
r[B4DXZ6B4D) Fragile X mental 1 FXR1 + 3,19 1,90 8 8 8 199 199 199 68326 0 7333 12E+09 31 BADXZ6 BADXZ6| 2659 26,80 26,52 2837 28,35 28,90
SpIP60903(S107 Protein $100-A10 S100A10 + 173 1,90 2 2 2 31 351 351 11208 0 5554 44E+09 33 P60903 P60903 | 2896 2861 27,60 2974 30,44 30,60
5plP35250-2|RF Replication factor | RFC2 + 159 188 3 3 3 19 119 119 35243 0 8589 2,7E+08 4 P35250- P35250-] 24.16 2529 2384 26,09 2591 26,93
Spl0958161BAG BAG family molec BAG2 + 3,98 172 6 6 6 209 299 209 23772 0 47,15 96E+08 31 095816; 095816:.] 2628 2647 26,62 2824 28,07 2821
SpIQOY3IO|RTCI tRNA-splicing liga: RTCB + 272 1,57 1 10 10 261 261 261 5521 0 3271 1,3E+09 30 Q9Y3I0 QoY3I0 | 27,14 2692 2679 2838 28,28 28,89
SplQ9HB71|CYE Calcyclin-binding | CACYBP + 212 1,56 2 2 2 162 162 162 2621 0 1421 1,6E+08 4 QoHB71 QoHB71] 2380 2336 2426 2556 2502 2551
5plQOY224|RTR UPFO568 protein ( C14orf166 + 252 149 5 5 5 258 258 258 28,068 0 30,36 7,9E+08 31 QOY224 QoY224] 26,61 26,45 26,01 27,82 27,60 28,11
5pl043684-2IBL Mitotic checkpoint BUB3 0,82 1,48 3 3 3 95 95 95 36954 0 472 15408 6 043684- 043684] 2500 22,23 2378 25,19 2493 2541
SplP62258(1433 14-3-3 protein eps YWHAE 073 1,47 5 2 2 188 9 9 20174 0 5386 2,5E+08 15 P62258; P62258;§ 2323 24,00 26,15 2650 2542 257
(r/AOAOAOMQS 1 Pyrroline-5-carbox PYCRL + 2,16 146 2 2 2 7 77 17 29892 0 4908 9E+07 5 AOAOAO AOAOAOR 2368 23,61 22,97 2522 2465 24,77
r[F1TOB3|F1TOI ATP-dependent R DDX1 + 241 143 77 7 147 147 147 73915 0 5444 BS5E+08 39 F1TOB3; F1T0B3| 26,53 26,24 26,67 27,72 27,70 28,32
1rlJ3QLD9I3AL Flotillin-2 FLOT2 045 1,43 6 6 6 157 157 157 47,142 0 3052 156408 9 J3QLD9 J3QLDOf 23,34 2278 2333 2337 2307 27,30
SpIP46063|REC! ATP-dependent D RECQL 073 1,42 4 4 4 79 78 79 73457 0 1397 3,6E+08 5 P46063 PAG0G3 | 26,02 2581 23,27 26,54 2637 26,44
Sp|P40937-2|RF Replication factor ' RFC5 + 1,66 1,36 4 4 4 179 179 179 36104 0 70,34 35E+08 13 P40937- P40937- 25,51 25,10 2500 26,08 2641 27,22
r[COK025CIKO 60S ribosomal pro RPL35A 117 126 2 2 2 202 202 202 10645 0 4883 61E+07 5 COK025; COK025] 23,54 2320 2370 2386 2490 25,55
SpIO75955/FLO" Flotilin-1 FLOT1 0.41 1.26 4 4 4 124 124 124 47,355 0 7013 1,9E+08 5 075955, O75955:] 23,68 23,99 23,71 23,71 23,80 27,64
trIF8VPD4IFBVF CAD protein;Gluta CAD + 2,69 1,24 1“4 14 83 83 83 23602 0 514 89E+08 41 FeVPD4 FavPDAl 2683 2650 26,76 28,07 27,65 28,08
SpIP53396-3|AC ATP-citrate synthe ACLY 0,66 1,17 2 2 2 28 28 28 91,008 03386 9E+07 3 P53396- P53396-§ 23.95 2176 2419 2491 2428 24,22
tr/AOATBOGUA1 Alpha-aminoadipic ALDH7A1 + 257 107 5 5 5 169 169 169 56465 0 2672 43E+08 13 AOATBO AOAIBO§ 2573 2595 2558 27,06 26,69 26,72
SpIPO7195|LDHE L-lactate dehydrog LDHB 0,44 1,06 9 9 9 329 329 329 36638 0 652 26409 37 POT195 POT195:§ 27,20 27,14 28,85 3023 28,87 27,26
spIP11166GTR Solute carrier fami SLC2A1 0,64 1,06 2 2 2 37 37 37 54083 0 4252 156408 10 P11166 P11166 | 2480 24,80 22,58 2518 24,96 2520
(r/AOAOAOMRO2 Voltage-dependen VDAC2 + 166 1,00 77 7 337 337 337 30,348 0 8209 1,5E+09 41 AOAOAO AOAOAON 27,53 27,52 27,96 28,72 2824 29,03
SpIP48681INES' Nestin NES 0,27 0,98 "o 11 83 83 83 17744 0 62,37 38E+08 18 P43681 P48681 | 2481 2418 2448 2317 28,09 2515
r/AOA3B3ISGB|, NADH dehydroger NDUFA9 + 2,09 0,97 4 4 4 78 78 78 64217 0 7,892 21E+08 10 AOA3B3 AOA3B3§ 2497 24,66 24,75 26,08 2548 2574
SpIQOUISOICMC Calcium-binding n SLC25A13|  + 1,70 0,97 6 6 6 M4 M4 114 74175 02364 3E+08 12 Q9UJSO QoUISOf 2549 2519 2535 26,11 26,03 26,80
plP06748-2INP Nucleophosmin  NPM1 + 156 0,96 5 5 5 272 272 272 29464 0 1136 18E+09 39 P06748- P06748-§ 2827 27.83 27,37 2858 28,97 2881
5pl014818-2IPS Proteasome subur PSMA7;PSMAS 0,52 0,96 3 3 3 25 225 225 2019 06969 21E+08 11 O14818- O14818] 2316 2559 2556 2569 2579 2570
plP40938|RFC! Replication factor | RFC3 0,79 0,94 3 3 3 9 9 9 40556 0 4926 1,2E+08 10 P40938; P40938:] 23,93 23,67 24,18 24,44 24,25 2594
Sp|P67775-2|PP Serinefthreonine-p PPP2CAPY  + 2,06 093 2 2 2 75 75 75 29734 0 606 1,7E+08 15 P67775- P67775-] 24,87 24,48 2424 2554 2534 2551
$p|Q96CV9-3(01 Optineurin OPTN + 132 0,91 2 2 2 37 37 37 59559 0 6,114 2,9E+07 7 Qoecve Qoecvel 2273 2212 2294 2340 2321 23,91
1rlQ5QPMOIQ5C RNA-binding prote RALY 1,28 088 5 5 5 287 287 287 18,66 0 1349 4,8E+08 27 Q5QPMI Q5QPM{ 26,08 2592 26,31 27,50 2645 27,00
(rlE9PLK3IE9PL Puromycin-sensith NPEPPS;NPEPPSL1 0,53 0,87 4 4 4 58 58 58 102,99 0 4,855 1,9E+08 5 E9PLK3 EOPLK3] 25,17 23,10 2533 25,35 2545 2540
SplP11413/G6PI Glucose-6-phosph GGPD + 1,86 0,86 5 5 5 107 107 107 59256 0 8795 35E+08 11 P11413; P11413,§ 2584 2550 2554 26,65 26,14 26,66
plP30153|2AA/ Serinelthreonine-p PPP2RIA + 2,58 0,84 5 5 5 122 122 122 65308 0 2647 G5E+08 25 P30153; P30153,] 2643 26,61 2652 27,58 27,20 27,31
(rlE9PMD7|ESP! Serinelthreonine-p PPP1CA;PPPICC;PPP 0,62 0,84 2 2 2 99 99 99 28898 0 582 17E+08 8 E9PMD7 EOPMD7] 25,08 23,23 2483 24,98 2559 2508
trHOKV75/HEK\ Alpha-actinin-1 ~ ACTN1 1,27 0,82 8 8 5 142 142 94 94,825 0 6666 6,5E+08 25 HOKV75 HOKV75R 2654 26,06 26,92 27,67 27,19 27,13
SpIP31948-3|ST Stress-induced-ph STIP1 0,60 0,81 3 3 3 7474 71 59777 0 7066 2E+08 12 P31948- P31948-] 24,72 24,47 2480 26,67 24,97 24,80
(r[E9PEBS|EOPE Far upstream elen FUBP1 + 2,06 0,81 8 8 6 124 124 101 68903 0 1348 51E+08 20 E9PEBS ESPEBS| 2618 26,10 26,49 2731 26,95 26,95
SpIP78346|RPP: Ribonuclease P pr RPP30 1,27 0,81 2 2 2 142 142 142 29321 0 1571 91E+07 4 Pr8ads; P78aacf 2424 2329 23,74 24,37 2455 24,78
5pl000429-4[DN Dynamin-T-fike prc DNMIL + 2,38 0,80 5 5 5 82 82 82 78000 0 12,76 2,5E+08 9 000429- 000420-] 25,00 25,17 2536 26,23 2591 25,89
SpQBBUTSICCE Coiled-coil domain CCDC84 1,13 077 2 2 2 6 6 6 37,074 0 3936 1,56+08 7 Q86UTS QB6UTS| 24,36 24,52 24,63 2563 24,65 2554
p|Q86V81|THC THO complex sub ALYREF 0,16 077 5 5 5 265 265 265 26888 0 5582 6,3E+08 15 Q86VS1 Q86VB1] 28,20 26,22 2257 26,11 2748 2579
5plQ15233-2INC Non-POU domain- NONO 1,01 075 77 6 186 186 165 43,866 0 2084 93E+08 37 Q15233 Q15233] 26,98 27,06 27,33 28,50 27,38 27.73
(r[F8WCJ1|F8W Eukaryotic translal EIFSAZEIR  + 1,54 075 2 2 2 19 19 19 11,687 05912 4E+08 17 FSWCJI FeWCJ 2622 2593 2566 2694 2640 26,72
\rIF8VXCBIFBV> SWI/SNF comple: SMARCC2]  + 1,44 0,74 3 3 3 33 33 33 136,18 0 5404 1,3E+08 8 FBVXCB FBVXC8 24,40 2426 2408 2542 2478 24,75
plP22234|PUR: Multfunctional pro PAICS + 240 074 9 9 9 245 245 245 47,079 0 8841 21E+09 55 P22234; P22234;§ 2835 28,10 28,37 2912 28,84 29,07
5pIQOHODE-2IXI 5-3 exoribonucleas XRN2 1,16 073 2 2 2 34 34 34 99,96 0 5324 11E+08 8 QOHODE QOHODB] 24,24 23,50 24,30 24,91 2444 24,87
SplO75531BAF. Barrier-to-autointe; BANF 1 0,23 073 2 2 2 427 427 427 1008 0 1016 45E+08 10 O75531 0755312636 2338 27,12 2607 27,17 2580
plP19784|CSK: Casein kinase Il st CSNK2A2 + 145 073 3 3 3 14 14 114 41213 0 7586 27E+08 14 P19784; P19784,] 2568 2526 2503 2594 2589 26,32
plQ9Y265IRUV RuvB-ike 1 RUVBL1 + 161 072 3 3 3 103 103 103 50227 0 3552 62E+08 14 QOY265 QOY265] 26,81 26,51 26,30 27,34 26,99 27.46
splP78527-2|PR DNA-dependent pi PRKDC + 2,15 0,70 3 3 3 96 96 96 4655 0 1859 3,7E+09 170 P78527- P78527-] 2928 29,06 29,06 30,00 29,61 29,90
\r[F6VDH7|F6VE Putative protein F/ ST13;ST13P4;STI3PS 1,25 0,70 4 4 4 309 309 309 18085 0 20,84 426408 19 FEVDH? FVDH7] 26,09 2574 2599 27,10 2629 26,54
Sp|Q9Y230|RUV RuvB-like 2 RUVBL2 + 144 0,69 5 5 5 143 143 143 51156 0 923 49E+08 13 QOY230 QOY230] 26,37 26,33 2594 27,01 26,56 27,13
plP21796]VDA Voltage-dependen VDAC1 1,04 0,67 12 12 12 569 569 569 30772 0 1723 2,8E+09 49 P21796; P21796,§ 28,77 2839 28,99 2968 28,89 29,59
trIH7BY 10[H7BY 608 ribosomal pro RPL23A 0,20 0,66 3 3 3 203 203 203 17,692 0 489 3,7E+08 7 H7BY10 H7BY10] 26,84 2537 2324 24,68 27,09 2565
5plQV9028-3[RE Histone-binding pr RBBP4RBY  + 1,65 0,66 4 4 4 93 93 93 46158 0 1159 53E+08 15 Q09028- Q09028 2630 2627 26,44 2734 26,89 26,77
plP31153-2]ME S-adenosylmethiol MAT2A 0,21 0,66 2 2 2 8 8 8 32964 0 962 13E+08 11 P31153- P31153-§ 2267 2620 22,57 2437 2423 24.80
(r[E7ENZBIEED T-complex protein CCT5 0,97 0,65 8 8 8 189 189 189 53,848 0 1336 7.5E408 15 E7ENZ3 E7ENZ3| 2695 2669 27,08 2813 27,22 27,30
r[B4DJ81(B4DJ NADH-ubiquinone NDUFS 1 0,68 0,64 2 2 2 43 43 43 66,921 0 7,546 9,7E+07 8 BADUBY; BADJBT] 24,05 23,70 23,94 2536 24,07 24,17
SplQ08211|DHX ATP-dependent R DHX9 122 0,61 5 5 5 48 48 48 140,96 0 155 3,6E+08 9 Qo8211; QOB211 | 25,83 2562 2601 26,62 26,65 26,01
sp|P31930/QCR Cytochrome b-c1« UQCRC1 0,66 0,60 4 4 4 131 131 131 52645 0 1789 32E+08 12 P31930 P31930 | 2524 2565 2588 2659 2546 26,52
5plP33993-2]MC DNA replication lic MCM7 125 0,60 3 3 3 126 126 126 44,648 02572 3E+08 13 P33993- P33003] 2583 2528 2534 2621 26,23 2579
1rlJ3KR24J3KR Isoleucine-{RNA | IARS + 3,08 0,59 33 3 24 24 24 13176 0 5873 226408 12 J3KR24; J3KR24] 2525 2518 25,11 2582 2567 2583
SpIP30041|PRD. Peroxiredoxin-6 ~ PRDXG 1,04 0,58 6 6 6 344 344 344 25035 0 4995 59E+08 18 P30041 P30041 | 2662 2644 26,44 27,55 27,02 26,67
plP61604|CH1( 10 kDa heat shock HSPE 042 0,58 3 3 3 294 294 204 10932 0 57 176408 11 P61604; P61604:f 24,45 24,49 24,96 26,31 24,80 24,52
plP22087|FBRI rRNA 2-O-methylt FBL 0,60 0,57 5 5 5 209 209 299 33,784 0 4375 49E+08 12 P22087; P22087;§ 2652 2622 2576 26,03 27,23 26,95
\fE7EQRAETE( Ezrin;Radixin  EZRRDX 0,44 0,55 5 5 2 77 77 29 69371 0 8658 3,5E+08 13 E7EQR¢ ETEQRA 2578 2581 2563 27,20 26,11 2548
1r/G3VAWO|G3V Heterogeneous nu HNRNPCH  + 163 0,54 8 8 8 324 324 324 28916 0 127,8 41E+09 83 GaVAW( Gavaw( 20,50 29,45 29,15 30,05 29,70 29,98
SplP62195-2|PR 268 protease regu PSMC5 0,99 0,54 3 3 3 95 95 95 44784 0 2458 26E+08 21 P62195- P62195-] 2553 2512 2559 2625 2555 26,07
plP49368|TCP( T-complex protein CCT3 1,08 052 1 10 10 25 25 25 60,533 0 4524 13E+09 48 P49368; P49368;§ 27,99 27,53 27,86 28,64 28,02 28,30
5plP62993-2/GR Growth factor rece GRB2 0,61 0,52 2 2 2 108 108 108 20557 0 369 156408 6 P62003- P62993-] 25,13 23,88 2443 24,77 2501 2521
(r|AOAZRBYF43] Casein kinase Il st CSNK2AT{  + 140 0,51 6 6 6 202 292 202 4179 0 4871 12E+09 28 AOAZRS AOARS] 27.69 27.70 27,41 2806 27,90 28.38
111Q32Q12/Q32C Nucleoside diphos NME1-NME2:NME2 0.80 0.49 77 3 36 36 92 32642 0 21,18 1,6E+09 59 Q32012 Q32Q12] 27,93 27,95 28,33 29,05 2840 28,23
tr/AOAOB7XOX3| Heterogeneous nu HNRNPM + 179 049 2 21 2 388 388 388 77,569 0 1233 54E+09 154 AOAOST ADAOSTY| 2096 2979 29,58 3027 30,17 30,36
5pl075367-2IH2 Core histone mact H2AFY 045 048 4 4 4 187 187 187 3983 0 1013 11E+09 20 O75367- 075367] 27,66 27,16 27,20 27,08 28,59 27,79
5p|043242|PSM 268 proteasome n PSMD3 0,67 048 3 3 3 7474 71 60977 03002 14E+08 17 043242; 043242, 2482 2398 24,90 2516 24,79 25,18
plQ99959-2/PK Plakophilin2  PKP2 0.52 047 3 3 3 53 53 53 92755 0 8672 89E+07 8 Q99959- Q99959 24,28 2407 2300 2423 2426 24,28
plP12004|PCN, Proliferating cell ni PCNA 0,80 047 2 2 2 57 57 57 28768 0 289 21E+08 10 P12004 P12004 | 2526 2514 2516 2608 2515 2572
Sp|P61981[1433 14-3-3 protein gan YWHAG 048 046 6 2 2 281 93 93 28302 0 205 256408 6 P61981 P61981 | 2538 2529 2550 26,68 2536 25,51
p|Q92769-3[HE Histone deacetylas HDAC2 0,66 045 3 3 3 92 92 92 51998 0 12,82 256408 14 QU2769- QU2769-] 2562 24,82 2570 26,06 2563 2578
r/AOAOBA4J269); Tubulin beta-3 che TUBB3 0,87 044 % 3 3 25 65 65 88381 0 1098 39E+08 18 AOAOB4 AOAOB4] 2638 2574 2586 2667 26,41 2623
SpIP27348(1433 14-3-3 protein thet YWHAQ 0,98 044 74 4 29 188 188 27,764 0 52,33 BGE08 20 P27348; P27348§ 27,41 27,06 27,19 2795 27,32 27,71
p|PO8G70IVIME Vimentin VM 017 043 37 % 34 758 742 723 53651 0 3233 28E+10 278 POB670; POB6TO;§ 31,88 3122 32,19 3068 33,74 32,16
r|G5ES72|GSES Lamina-associatec TMPO + 131 043 3 3 3 104 104 104 46306 0 2053 2,3E+08 10 GSE972 G5E972] 2532 2506 2546 2586 2575 2553
SpIP23284|PPIB Peptidyl-prolyl cis- PPIB 0,37 042 2 2 2 102 102 102 23742 0 3341 1,3E+08 7 P23284 P23284 | 23,89 24,31 2489 2555 2450 24,31
SpIP46060IRAG Ran GTPase-activ RANGAP 0,33 042 3 3 3 56 56 56 63541 0 6,837 2,3E+08 4 P46060; PA60GO | 25,57 25,62 24,08 2550 2552 2546
\rIFSGWF6|F5G T-complex protein CCT2 0,65 0,40 12 12 12 291 291 291 56806 0 4476 1,4E+09 25 FSGWF(FSGWFq| 27,87 27,60 28,36 28,66 28,17 28,19
SpIP07900]HS( Heat shock proteir HSPIOAAT 0,57 0,40 24 12 12 322 153 153 84,859 0 1578 24E+09 72 PO7900; PO7900:] 28,60 28,55 29,01 29,66 2878 28,92
plP00558-2IPG Phosphoglycerate PGK 1 0,21 0,39 5 5 5 18 18 18 41428 0 2066 2,7E+08 6 P00558- P00558-] 25,01 25,36 2592 27,16 2531 24,99
SplPO5783|K1C" Keratin, type | cytc KRT18 0,53 0,39 % 15 10 44 423 321 48,057 0 1379 2,7E409 65 P05783; PO5783,§ 2893 2835 29,11 2882 29,60 29,13
Sp|P06753-4|TP Tropomyosin alph: TPM3 0,64 039 "oon 7 389 389 247 28793 0 1053 17E+09 50 P06753- P06753.] 2802 2822 2829 2907 2823 2839
5p|043390-3[HN Heterogeneous nu HNRNPR 072 0,39 77 7 145 145 145 66,079 03974 93E+08 32 043390- 043390 27,61 2726 27,04 2803 27.43 27,60
plP00338|LDH: L-lactate dehydrog LDHA 0,19 0,38 12 12 12 337 337 337 36688 0 4152 1,7E+09 37 P00338; P00338;§ 27,80 27,39 28,97 2953 28,38 27,40
SplP13489IRINI. Ribonuclease inhit RNH1 123 0,38 2 2 2 65 65 65 49973 0 2529 24E+08 12 P13489; P13489,§ 2528 2522 2568 2577 2576 2580
SplP55072|TER, Transitional endop VCP 0,44 0,38 "o 11 182 182 182 89321 0 5557 1,1E+09 50 P55072; P55072 | 27,40 27,00 28,09 28,51 27,69 27,72
SplP14868-2ISY Aspartate-tRNA li DARS + 2,10 0,38 4 4 4 122 122 122 45771 0 148 27E+08 20 P14868- P14868-] 2556 2564 2558 2596 2585 26,10
5plQ15293-2IRC Reficulocalbin-1  RCNT 047 0,37 2 2 2 104 104 104 33,026 0 1742 1,3E+08 9 Q15293 Q15203] 24,85 24,70 23,81 24,95 2492 24,62
pP52292]IMA1 Importin subunit a KPNA2 1,05 0,35 9 9 9 263 263 263 57,861 0 1222 156409 46 P52202; P52202,] 28,21 27,89 28,07 28,50 28,15 28,56
SpIP20962PTM Parathymosin ~ PTMS 0,23 0,35 1 1 1 18 118 118 11,53 0 2546 83E+07 14 P20962 P20962 | 2487 2412 2354 2517 23,69 24.71
SpIQ13155/AIMF Aminoacyl tRNA s AIMP2 0.33 035 2 2 2 106 106 106 35348 0 552 17E+08 8 Q13155; Q131554 25,00 2533 2394 2519 2501 2520
(r/AOAOBTWTT1 Polyadenylate-bin PABPC1;PABPC3 0,46 0,35 3 3 3 7471 71 58535 0 1382 1,6E+08 11 AOAOST| AOAOBT 2473 2451 2530 2563 2504 24,91
SpIQ14315-2/FL Filamin-C Fine 0,86 0,34 B9 9 62 43 43 287,28 02151 6E+08 18 Q14315- Q14315] 2665 2673 27,19 2733 27,18 27,08
Sp|QUBVA1|TBE Tubulin beta-2B cl TUBB2B;TUBB2A 043 0,34 7 3 2 458 108 81 49,953 0 27,86 1E+09 21 QUBVATQUBVAT| 27,55 27,68 27,16 27,27 27,85 28,29
1rIC9UJT5ICIUJT ATP synthase sub ATP5J2-PTCDTATPSS, 0,70 0,34 2 2 2 444 444 444 59149 0 1127 53E+08 15 CUJTS; COUUT5] 2656 2648 26,54 2725 26,50 26,84
pIP24534|EF 1E Elongation factor 1 EEF182 || 0,49 0,34 3 3 3 178 178 178 24763 0 3611 61E+08 20 P24534; P24534 | 26,78 2650 26,99 27,58 26,66 27,04




spIQOUMS4|PRI Pre-mRNA-proces PRPF19
SpIP60468|SCE” Protein transport | SEC61B
sp|000299|CLIC Chioride intracellul CLICT
spIP02545|LMN, Prelamin-A/C;Lam LMNA
spIP50990[TCP( T-complex protein CCT8
SpIQONVI7-3|AT ATPase family AA ATAD3A
5p|Q99832-4[TC T-complex protein CCT7
sp|P12236|ADT: ADP/ATP transloc SLC25A6
sp|P31689|DNJ/ DnaJ homolog sut DNAJAT
tr|Q5JP53]Q5JP Tubulin beta chain TUBB
tr|Q5TECE|Q5T! Histone H3;Histon HIST2H3P!
tr/AOA1BOGVUS Glutamine—tRNA | QARS
tr|HOY5HIIHOYE Serpin B4 SERPINB4
spIPO7737|PRO Profilin-1 PFN1
spIP30101|PDIA Protein disulfide-is PDIA3
5p|Q99714|HCD 3-hydroxyacyl-Cor HSD17B10)
tr|B4DRG1|BADF Protein transport ¢ SEC61AT;

2;H3F3C

EC61A2

sp|P63261|ACT( Actin, cytoplasmic ACTG1;ACTB

splP14866|HNR Heterogeneous nu HNRNPL
tr|G3V2K7|G3V: Transmembrane e TMED10
tr/AOA2U3TZH3 Elongation factor 1 EEF1A2
tr|HOYI98|HOYIS Dynactin subunit z DCTN2
tr[X6RIPEIXGRY Transgelin-2 TAGLN2
spIP30044-2|PR Peroxiredoxin-5, m PRDX5
SpIQ14697|GAN Neutral alpha-gluc GANAB
trAOA1C7CYX Dihydropyrimidina DPYSL2
splQ14204[DYH Cytoplasmic dynei DYNC1H1
sp|Q13268|DHR Dehydrogenase/re DHRS2
spIP631041433 14-3-3 protein zete YWHAZ
tr/AOA494C1L1|, Lamin-B receptor LBR
sp|Q00325-2|MF Phosphate carrier SLC25A3
sp|P42704|LPPF Leucine-rich PPR LRPPRC
spIP16989-2|YB Y-box-binding prot YBX3
splQ13347|EIF3 Eukaryotic translal EIF3I
splP22695|QCR Cytochrome b-c1« UQCRC2
tr|/AOA286YFA2| D-3-phosphoglyce PHGDH
spIPO5141|ADT: ADP/ATP transloc SLC25A5
splQV6830|PRD Peroxiredoxin-1 ~ PRDX1
splQ15149-4[PL Plectin PLEC
sp|Q6Y1H2IHAC Very-long-chain (3 HACD2
spIP00167-2|CY Cytochrome b5 CYBSA
splP14625(ENPI Endoplasmin  HSP90B1
spIP61019|RAB: Ras-related proteir RAB2A;RA
tr/AOAOU1RQFO Fatty acid synthas FASN

2B

sp|P68363|TBA" Tubulin alpha-1B « TUBA1B;TUBA1C;TUB/

sp|075821|EIF3 Eukaryotic transla EIF3G

SpIPB4077|ARF" ADP-ribosylation f: ARF1;ARF3;ARF5

sp|P31946-2|14 14-3-3 protein bet: YWHAB
sp|P51149|RAB’ Ras-related proteir RAB7A
trlJ3KPX7|J3KP Prohibitin-2 PHB2
sp|P26641|EF1C Elongation factor 1 EEF1G
sp|Q13148|TAD! TAR DNA-binding TARDBP;T!
sp|P04406|G3P_ Glyceraldehyde-3- GAPDH
5p|P31942-2|HN Heterogeneous nu HNRNPH3
sp|P62424|RL7/ 60S ribosomal pro RPL7A
sp|P35232|PHB. Prohibitin PHB
trHOYHC3|HOYI Nucleosome asser NAP1L1
sp|P49411|EFTL Elongation factor 1 TUFM
tr|ADA0B7WVQE Clathrin heavy che CLTC
sp|P17655-2|CA Calpain-2 catalytic CAPN2
tr|F5HEU7|F5HE Vesicle transport f GOLT1B
tr|QBOFES|QBOF Filamin-A FLNA
sp|P43358]MAG Melanoma-associc MAGEA4
sp|Q13151|ROA Heterogeneous nu HNRNPAQ
splP52597|HNR Heterogeneous nu HNRNPF

DP43

tr|HOY400|HOY4 ATP-dependent R DDX39B;DDX39A

sp|P31947-2[14 14-3-3 protein sigr SFN
Sp|QOPOLO|VAP Vesicle-associatec VAPA
sp|P18124|RL7_ 60S ribosomal pro RPL7

sp|095373|IPO7 Importin-7 1PO7
spIP05556-2[ITE Integrin beta-1  ITGB1
tr|DGREM6ID6R Matrin-3 MATR3

sp|P09496-5|CL Clathrin light chair CLTA
5p|075643]U52( US small nuclear r SNRNP20(}
sp|Q06323|PSM Proteasome active PSME1
tr|ADAO8TWX59 Proteasomal ubiqu ADRM1
tr|H7C5F2|H7CE 288 ribosomal pro MRPS22
sp|Q14974|IMB1 Importin subunit b KPNB1
tr[E9PMBO|E9PD 265 protease regu PSMC3
splQ15021|CND Condensin comple NCAPD2
sp|P18859]ATP! ATP synthase-cou ATP5J
sp|075477|ERLI Erlin-1;Erlin-2
sp|P40227|TCP; T-complex protein CCTEA

ERLINT;ERLIN2

tr/AOAO87W XMt 60S ribosomal pro RPL17;RPL17-C180rf32

spP50991-2|TC T-complex protein CCT4
sp|P0B238HSA( Heat shock proteir HSP90AB
sp|000264|PGR Membrane-associ: PGRMC1
sp|P13639EF2_ Elongation factor z EEF2
sp|P61978-3|HN Heterogeneous nu HNRNPK
spP36542-2]AT ATP synthase sub ATP5C1
sp|QOBUFS5|TBE Tubulin beta-6 ch: TUBB6
tr|B4DY09|B4DY Interleukin enhanc ILF2
tr|AOAOAOMRMS Nucleolar and coilt NOLC1
tr|[F5GXX5|F5G} Dolichyl-diphosphc DAD1
tr/AOAOCADGHE Cullin-associated I CAND1
sp|014929-2HA Histone acetyltran: HAT1
sp|P22102-2|PU Trifunctional purin GART
tr|F6VRRS|F6VF Polymerase delta-| POLDIP3
sp|P62805|H4_t Histone H4 HIST1H4A
sp|Q15366-6|PC Poly(rC)-binding p PCBP2
sp|P22314-2|UB Ubiquitin-like mod UBA1
sp|Q15907|RB1" Ras-related proteir RAB11B;RA
tr|MOR3DB|MOR: 60S ribosomal pro RPL18A
sp|P27824|CAL} Calnexin CANX
spIP37108|SRP Signal recognition SRP14
spIP16403]H12_ Histone H1.2;Histc HISTIH1C|
tr|ESRURS|ESRJ S-phase kinase-as SKP1
sp|014980|XPO Exportin-1 XPO1
sp|PO7814[SYE Bifunctional glutan EPRS
sp|P68371[TBB¢ Tubulin beta-4B cl TUBB4B
sp|P68431|H31_ Histone H3.1:Histc HIST1H3A;
trID6RAAB|DER, Transmembrane p TMEM33
sp|P10809|CH6!( 60 kDa heat shock HSPD1
tr|Q5QNZ2/Q5Q ATP synthase F(0 ATP5F1
sp|P23528|COF Cofilin-1 CFL1
5p|P20700]LMNI Lamin-B1 LMNB1
tr[VOGYY3|VOG' C-1-tetrahydrofolal MTHFD1
tr[D6RAF8|D6R/ Heterogeneous nu HNRNPD
sp|P60842|IF4A Eukaryotic initiatio EIF4AT;EIF

tr|E9PHSO|E9PH LanC-like protein  LANCL1 ||

tr|E7EP32|E7EF Guanine nucleotid GNB2;GNB
spIP23526|SAH! Adenosylhomocys AHCY
spIPOG733]ENO Alpha-enolase  ENO1
sp|P55084-2|EC Trifunctional enzyr HADHB
sp|P45974-2|UB Ubiquitin carboxyl- USP5
spIP68133|ACT! Actin, alpha skelet ACTA1:AC
sp|P00387-2NB NADH-cytochrom¢ CYB5R3
sp|P62316|SMD Small nuclear ribo SNRPD2
sp|P62829]RL2¢ 60S ribosomal pro RPL23
tr|H3BNX8|H3BI Cytochrome ¢ oxic COX5A
splP04843|RPN Dolichyl-diphosphc RPN1
tr|H7BZ94|H7BZ Protein disulfide-is PAHB
tr|C9JU14|C9JU Ras-related proteir RABEB;RA
spIP56385|ATP! ATP synthase sub ATP5I
splP48047|ATP( ATP synthase sub ATP50

B11A

HIST1H1D

HIST2H3AH

4A2

1,GNB4

C1,ACTG2;

sp|P68104|EF 1/ Elongation factor 1 EEF1A1,EEF1A1PS

sp|P36578|RL4_ 60S ribosomal pro RPL4
sp|P26599|PTBF Polypyrimidine trai PTBP1
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5E+10
1,4E410

7E+07
1,2E408
2,5E+08
8,5E+08
6,4E+09

8E+10

3E+08
2,26+09
5,7E+08
1,3E409
7,1E+09
1,6E+09
9,26+08
1,4E+10
4,3E+08
4,9E+08
7,6E+409
1,9E409
2,6E+09
3,3E+09
1,9E408
7,4E+07
2,9E+09
1,7E409
6,5E+08
2,7E+09
3,5E+08
4,3E409
2,26+08
7,7E+08
4,3E+08
2,26+08
2,8E+09
1,7E408
2,7E+08
4,8E+08
4,6E+07
1,3E408

3E+09
326408
1,7E408
3,5E+08
4,4E+08
1,4E409

4E+08
1,1E409
1,8E+10
7,5E+08
3,7E+09
6,6E+09
1,1E409

6E+09
2,9E+08
2,6E+09
39408

3E+08
4,6E+08
5,1E+08
2,5E+08
9,5E+10
2,1E+09
3,6E+08
1,6E409
2,6E+08
9,26+08
7,6E+08
5,4E409
8,26+08
3,26+08
4,2E+08

1E+10
1,6E+10
4,26+08
1,3E+10
7,1E+08
6,6E+09
4,6E+09
6,7E+08
8,1E+08
8,26+08
2,1E+08
2,5E+08
2,1E+08
1,8E409
1,3E409
3,6E+08
5,4E+09
5,6E+08
2,5E+08
5,4E+08
1,6E408
2,26+09
2,8E+08
1,1E409
2,4E+08
1,2E+09
6,4E+10
1,5E409
3,3E+09

m

140

110

242

102

QIUMS: QOUMS
P60468; P60468

000299 000299
P02545; P02545;
P50990; P50990;
QINVI7- QONVI7:
Q99832- Q99832:
P12236; P12236

P31689; P31689;
Q5JP53 Q5JP53}
QSTECE QSTEC

AOA1BO AOA1BO!
HOY5H9 HOY5H9
P07737; PO7737;
P30101; P30101

Q99714; Q99714
B4DR61 B4DR61
P63261; P63261;
P14866; P14866;
G3V2K7 G3V2K7
AOA2U3 A0A2U3
HOYI98;| HOY198;
X6RJP6 X6RJPS;
P30044- P30044-
Q14697; Q14697;
AOA1CT AOA1CT
Q14204; Q14204
Q13268; Q13268;
P63104; P63104;
ADA494( ADA494
Q00325 Q00325:
P42704; P42704

P16989- P16989-
Q13347 Q13347
P22695; P22695;
AOA286' AOA286
P05141 P05141

Q06830; Q06830;
Q15149- Q15149.
Q6Y1H2 Q6Y1H2}
P00167- P00167-
P14625; P14625

P61019; P61019;
AOAOU1 AOAOU1
P68363; P68363;
075821; 075821,
P84077; P840TT;
P31946- P31946-
P51149; P51149;
J3KPX7 JBKPXT
P26641; P26641;
Q13148; Q13148;
P04406; P04406;
P31942- P31942-
P62424; P62424;
P35232; P35232;
HOYHCZ HOYHC:

P49411; P49411

AOA0B7) AOAOST
P17655- P17655-
F5HBU7 F5HBU7]
QBOFE5 QBOFES|
P43358; P43358

Q13151 Q13151

P52597; P52597

HOY400; HOY400
P31947- P31947-
Q9POLO QIPOLO
P18124; P18124;
095373; 095373
P05556- P05556-
DEREM¢ D6REM]
P09496- P09496-
075643; 075643,
Q06323; Q06323
AOAOB7) AOAOST
H7C5F2 H7C5F2
Q14974; Q14974
E9PM69 E9PM69)
Q15021; Q15021

P18859; P18859;
075477; 075477,
P40227; P40227;
AOAOB7) AOAOST
P50991- P50991-
P08238; P08238

000264; 000264
P13639; P13639

P61978- P61978-
P36542- P36542-
QIBUFE QUBUFH
BA4DY09 B4DY09)
AOADAO AOAOAOI
F5GXX5 F5GXX5)
ADAOC4 AOAOCH
014929- 014929
P22102- P22102-
F6VRRS5 FEVRRS|
P62805 P62805

Q15366- Q15366.
P22314- P22314-
Q15907; Q15907
MOR3DE MOR3D

P27824; P27824;
P37108; P37108;
P16403; P16403;
E5RJR5 ESRJRS|
014980; 014980
PO7814; PO7814

P68371; P68371

P68431; P68431;
DERAAE DBRAAY)
P10809; P10809

Q5QNZZ Q5QNZJ
P23528; P23528;
P20700; P20700;
VIGYYZ VOGYY3
DERAF8 D6RAF8|
P60842; P60842;
E9PHS0 E9PHSO)
E7EP32 E7EP32
P23526; P23526;
P06733; P06733;
P55084- P55084-]
P45974- P45974-
P68133; P68133;
P00387- P00387-
P62316; P62316;
P62829; P62829;
H3BNXE H3BNX¢

P04843; P04843;
H7BZ94 H7BZ94
C9JU14; COJU14
P56385 P56385

P48047; P4804T;
P68104; P68104;
P36578; P36578;

P26599; P26599;
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27,80
31,97
27,39
29,69
30,34
28,26
30,07
25,70
28,98
26,67
25,68
26,36
26,55
25,63
33,79
28,66
26,28
28,60
25,13
27,71
26,98
29,58
27,15
25,68
26,12
3074
3148
26,49
31,26
27,63
30,40
30,09
27,39
27,17
27,42
25,83
25,81
25,12
28,78
27,91
26,16
29,96
26,91
2592
26,56
24,72
2925
25,90
27,93
26,21
28,38
33,76
27,83
29,32

26,04
26,89
26,62
28,43
29,66
25,87
26,26
28,56
26,02
34,03
27,80
26,67
25,09
28,51
27,50
26,65
26,30
33,25
28,87
25,83
27,37
25,01
27,78
26,15
27,08
26,01
27,02
29,85
2917
26,86
29,17
25,52
26,43
24,47
28,17
27,97
32,24
33,30
30,76
24,82
25,09
26,55
27,74
30,57
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25,47
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26,78
28,56
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30,74
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26,68
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33,37
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23,79
27,97
27,26
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31,20
26,80
31,68
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27,45
27,81
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25,53
29,83
28,31
26,54
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27,29
25,95
26,38
26,19
29,14
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28,46
33,70
26,43
29,54

25,81
25,99
25,38
28,70
29,13
25,64
25,39
27,94
25,76
33,87
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26,72
25,36
27,55
26,45
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25,88
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26,16
27,94
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28,51
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25,51
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29,58
25,33
28,55
26,11
25,39
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24,83
25,80
26,38
23,36
24,61
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26,00
26,38
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31,62
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27,57
30,07
25,88
28,72
25,90
25,78
26,31
26,50
25,74
34,85
28,42
26,00
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30,88
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25,87
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25,99
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sp|PODP25|CALM3_HUMAN Calm¢ CALM2;CA|
sp|Q00839IHNR Heterogeneous nu HNRNPU
tr|F8W 1R7|FBW Myosin light polypi MYLE
spIPOB576|ATPE ATP synthase sub ATPSB
sp|P51571|SSRI Translocon-associ: SSR4
5p|Q00059-2]TF Transcription factc TFAM
sp|QO7065|CKA Cytoskeleton-asso CKAP4
sp|060664-4PL Perilipin-3 PLIN3
sp|PO7384|CAN Calpain-1 catalytic CAPN1
sp|P04844-2|RP Dolichyl-diphosphc RPN2
spIQINSBB|LAN LanC-like protein z LANCL2
tr|E9PF10|E9PF Nuclear pore com NUP155
sp|P17987|TCP) T-complex protein TCP1
sp|QOUDW 1]QC Cytochrome b-c1 UQCR10
splQ15758|AAA Neutral amino acic SLC1AS
sp|Q03252|LMN Lamin-B2 LMNB2
sp|Q13185|CBX Chromobox proteir CBX3
splQOP258|RCC Protein RCC2  RCC2

LM3;CALM1

sp|P05388|RLA( 60S acidic riboson RPLPO;RPLPOP6

sp|P25705|ATP; ATP synthase sub ATPSA1
tr|USKQE2|U3K! Calpain small subi CAPNS1;C
SpIQ9BFQB|S10 Protein S100-A16 S100A16
SpQV9E66IAHN Neuroblast differer AHNAK
tr|Q5W0J0|QSW Ras-related proteir RAB18
tr|C9JXBBICAJX 60S ribosomal pro RPL24

| X211|# 268 protease regu PSMC6
spl075396|SC2: Vesicle-trafficking SEC228
trADATBOGWA: Alkyldihydroxyace! AGPS
sp|P62913|RL11 60S ribosomal pro RPL11
sp|P05023-3|AT Sodium/potassiun ATP1AT;A
sp|P17844|DDX: Probable ATP-dep DDX5
sp|Q07666-2|KI- KH domain-contail KHDRBS1;
SpIQOY490[TLN Talin-1 TLN1
splQ15181|IPYF Inorganic pyropho: PPA1
sp|P62266|RS2: 40S ribosomal pro RPS23
tr|AOA3B3IRI2|A CTP synthase 1;C CTPS1
sp|P25205|MCN DNA replication lic MCM3
sp|P39023|RL3_ 60S ribosomal pro RPL3
sp|P46940|IQG# Ras GTPase-activ IQGAP1
sp|P35221|CTN, Catenin alpha-1,C. CTNNAT,C

APNS2

P1A3;ATP1,

KHDRBS2

NNA3

sp|Q16777|H2A: Histone H2A type HIST2H2AC;HIST2H2A,

spIP51572|BAP: B-cell receptor-ass BCAP31
sp|P55265-5|DS Double-stranded F ADAR
tr|HOYFD6|HOYF Trifunctional enzyr HADHA
spIP67809]YBO. Nuclease-sensitive YBX1
spIP55884|EIF3 Eukaryoic translal EIF38
sp|QB6X51[EZH Uncharacterized p CXorf67
tr|F8VZJ2|F8VZ Nascent polypeptic NACA
spIP62937|PPIA Peptidyl-prolyl cis- PPIA
sp|P22626|ROA Heterogeneous nu HNRNPAZS
trADAOC4DGS 1 Dolichyl-diphosphc DDOST
spIP51991|ROA Heterogeneous nu HNRNPA3
spIP61026|RAB Ras-related proteir RAB10
spIP55060-4|XP Exportin-2 CSEIL
tr/AOA2R8Y811| 40S ribosomal pro RPS14
tr|USKQKOJUK! Histone H2B;Histc HIST1H2BI
splQ86UP2-2/K” Kinectin KTN1
tr/C9J0J7|COJO. Profilin;Profilin2  PFN2
tr|[E9PKO1|E9PK Elongation factor 1 EEF1D
spIP33992|MCN DNA replication lic MCM5
tr/AOAOB7WWS! 268 proteasome n PSMD1
SpQ9EPKEIRBN RNA-binding prote RBM14
tr/AOAO87WUK: Heterogeneous nu HNRNPDL
trAOA4WBZXM: Ig heavy chain V-1 IGHV3-72;1
tr|BSMDF5|BSM GTP-binding nuck RAN
spIQIBS26|ERF Endoplasmic retici ERP44
tr/AOA2R8Y5G6 ATP-dependent R DDX3X;DD)
tr|AOATX7SBZ2 Probable ATP-dep DDX17
splQ16658|FSC. Fascin FSCN1
tr/C9J712|C9J7* Profilin-2;Profiln  PFN2
tr|HOYNUS|HOY1 Bloom syndrome  BLM
sp|P04792|HSP| Heat shock proteir HSPB1
tr|F8W617|F8W¢ Heterogeneous nu HNRNPAT;
tr|K7ELC7|K7EL 60S ribosomal pro RPL27
spIQ15365|PCB Poly(rC)-binding p PCBP1
splQ99497|PAR Protein deglycase PARK7
spIPO7355|ANX, Annexin A2;Annex ANXAZAN]
spIQ9BAGAILRC Leucine-rich repez LRRC59
tr|HOY8CBIHOYE Importin-5 1POS
tr|E9PCY7|E9P( Heterogeneous nu HNRNPH;
sp|P05387|RLA: 60S acidic riboson RPLP2
tr|F5GZS6|F5G: 4F2 cell-surface a SLC3A2

1

;HIST1H2BI

HV30R16-!

X3Y

HNRNPA1LZ

HNRNPH2

sp|Q9HOU4|RAE Ras-related proteir RAB1B;RAB1C

tr|COJPM4|CIUF ADP-ribosylation f: ARF4
sp|QV2878|RL6_ 60S ribosomal pro RPLE
sp|P09661|RU2/ U2 small nuclear r SNRPA1
5p|Q92973-2[TN Transportin-1  TNPO1
sp|Q15084-3(PL Protein disulfide-is PDIAG
sp|Q15417-3(CN Calponin-3 CNN3
SpIQIUNF1|MA( Melanoma-associc MAGED2
spIP30050RL1Z 60S ribosomal pro RPL12
spIP02786|TFR’ Transferrin receptc TFRC
trI3L3P7|I3L3P7 40S ribosomal pro RPS15A
spIQ9Y2S7|PDII Polymerase delta-| POLDIP2
sp|P09382ILEG" Galectin-1 LGALS1
tr|F6U211|F6U2 40S ribosomal pro RPS10;RP:

10-NUDT3

trlJ3QS39/J3QS Ubiquitin-60S ribo UBB;RPS27A;UBC;UBA
sp|P62854|RS2¢ 40S ribosomal pro RPS26;RPS26P11

spIP608B6IRS2( 408 ribosomal pro RPS20
spIP62753|RS6. 40S ribosomal pro RPS6
sp|P32119|PRD. Peroxiredoxin-2 ~ PRDX2
spIP62701|RS43 408 ribosomal pro RPS4X;RP:
tr/ADAOU1RQH? RNA-binding prote RBM39
spIP06702S10# Protein S100-A9  S100A9
tr|[E9PKZO|E9Pk 60S ribosomal pro RPL8
spIP31151|S10# Protein S100-A7;F S100A7;S1
tr|K7ESEB|K7ES Bleomycin hydrola BLMH
tr|HOYOY4[HOYS 40S ribosomal pro RPS3A
sp|P81605|DCD. Dermcidin;Surviva DCD
sp|P49458|SRP! Signal recognition SRPY;DKF.
tr|B82ZQ6|B8ZZ Prothymosin alphs PTMA
5p|Q00839-2HN Heterogeneous nu HNRNPU
sp|Q7L1Q6-2|B: Basic leucine zipp BZW 1,82
tr|E7END?|E7E! Ras-related proteir RAB1A
spIP49915-2|GL GMP synthase [gh GMPS
sp|Q92572|AP3! AP-3 complex sub AP3S1
5p|Q99661-2|KIF Kinesin-like protei KIF2C
tr|HOY5B4|HOYE 60S ribosomal pro RPL3GA;R
splQV2539]H11_ Histone H1.1

HISTIH1A]

+
4Y1;RPS4Y

0A7A

L36A-HNRN

sp|P38159|RBM RNA-binding motit RBMX;RBMXL1

tr|B1AK87|B1AK F-actin-capping pr CAPZB
sp|P52907|CAZ) F-actin-capping pr CAPZA1
tr|FBW914|F8W Reticulon;Reticulo RTN4
spIP61106|RAB Ras-related proteir RAB14
tr|Q5T7C4|Q5T? High mobility grou HMGB1;H
tr|H7C2W9IH7C 60S ribosomal pro RPL31
spP35579|MYH Myosin-9 MYH9
splO00303|EIF3 Eukaryolic translat EIF3F
sp|P62269|RS 1¢ 40S ribosomal pro RPS18
sp|P62851|RS2! 40S ribosomal pro RPS25
splQ8TCJ2ISTT Dolichyl-diphosphc STT3B
tr/AOAOAOMS08 Ig gamma-1 chain IGHG1
spIPO4083|ANX, Annexin AT;Annex ANXAT
trlAOAO75B6E2| 40S ribosomal pro RPS19
tr|E7EVAO|E7E\ Microtubule-assoc MAP4
splP19338|NUC Nucleolin NCL
sp|P31944|CAS| Caspase-14;Casp: CASP14
sp|Q9BHJ9-2(FN Putative RNA-binc LUC7L2;LU

IGB1P1

C7l
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0,04
0,05
0,06
0,04
0,10
0,06
0,04
0,11
0,12
0,08
0,07
0,12
0,15
0,10
021
0,12
0,08
0,14
0,04
0,09
0,14
061
044
0,21
0,07
021
0,18
024
0,20
0,13
025
023
0,07
0,17
0,13
037
0,63
0,05
0,22
051
0,15
0,11
0,48
049
038
0,22
0,31
0,46
034
024
0,30
0,39
023
044
031
0,16
024
0,70
034
1,31
0,46
0,17
071
053
0,64
0,30
0,83
045
0,13
0,65
031
0,84
0,32
0,14
0,64
044
132
055
0,90
0,88
0,22
1,1
053
0,50
0,18
091
043
1,04
0,87
1,23
013
0,32
023
075
0,98
028
0,90
041
0,58
0,22
2,93
051
1,00
035
0,17
0,13
0,30
0,36
057
1,39
0,50
041
1,06
0,70
045
1,56
117
0,50
0,22
0,57
2,00
1,65
071
0,88
0,80
0,19
1,23
1,04
0,50
0,56
0,88
334
079
0,37
1,36
074
073
081
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416

27
46,9
46,9
18,5
12,1
221
1.4

15
344
103

171

16,7

16,2

416

17,1
20,8
42

63,6
16,7

53
13,6

28

6.2
404
358
42,2
16,2
31,2

18,6
36,7

9.2
30,8
345
12,8

3.7

12,4
17.8
27,9

21,9
10,8

26,6
45,1
27
34,2
244
72

416

24
46,9
46,9
18,5
12,1
221
1.4

48
211

41
18,7
38,1

57

235
32,6
211

13,7
33
20,5
16,1
32,2
6,7
43,7
8,5
236
11,5
259
10,3
1,6
249
238

171
20,8
36
29
225
16,7
53
13,6
31,2
28
6.2
40,4
35,8
42,2
16,2
31,2

18,6
36,7

92
30,8
34,5
12,8

3.7

12,4
17.8
27,9

21,9
10,8

16,837
90,583

16,20
56,559
18,998
25,465
66,022
45,803
81,889
67,723
50,854
148,09
60,343
7,3084
56,508
69,948
20,811
56,084
34,273

59,75
18,445
11,801
629,09
18,023
14,369
45,796
24,593
60,807
20,252
109,55
69,147

45,86
269,76

32,66
15,807
63,723

90,98
46,108
189,25
100,07
13,988
27,991
103,64
86,371
35,924

92,48
51,893
15,016
18,012
37,429
48,799
39,504
22,541
103,88
16,159
18,804
149,61
9,8402
28,821
82,285
105,85
69,491

40,04
11,167
26,224
46,971
69,047
80,253
54,529
9,7982
144,47
22,782
33,155
16,359
37,497
19,891
38,604

34,93
123,75
47,087
11,665
64,872
22171
14,553
32,728
28,415
101,31
47,837

31,38
64,953
17,818

84,87
11,477
42,033
14,716
19,868
10,469
13,015
13,373

28,68
21,802
29,507
26,698
13,242
22,389
11,471
26,738
23,528
11,284
10,112
11,758
88,979
40,538
19,018
65,928
21,732
75,561
13,228
21,842
42,331
29,295
32,922
37,144
23,897
18,311
12,701
226,53
37,563
17,718
13,742
93,673
43911
38,714
7,8309
245,44
76,613
27,679
54,223

0,001

0000000000000 000000O000O0000000000000000000000000000000000000000000000000000000000000000000000000000wWO00000000000000000000000000000000000000

1,6E+09
7,5E409
556408

7E+09
4,9E+08
2,3E+08
8,3E+08
3,4E+08
2,5E+08
2,3E+09

9E+08
3,26+08
9,7E+08
3,7E+08
1,5E408

3E+08
39E+08
3,3E+09

7E+08

1E+10
2,3E+08
3,1E+08

9E+09
1,8E+08
4,9E+08
2,4E+08
8,5E+08
2,26+08
1,3E409
1,2E409
1,2E+10
5,5E+08
1,5E408
3,9E+08
6,26+08
1,8E+09
1,3E409
9,7E+08
1,7E408
5,7E+09
3,3E+10

3E+08
1,8E+08

1E+09
8,8E+08
1,9E408
1,3E+08
726408
5,9E+09
4,3E+09

1E+09
1,2E409
4,8E+08
1,3E+10
7,9E+08
5,5E+10

6E+08
4,5E+08
1,6E+09
5,4E+08
1,5E408
1,2E409
2,5E+08
1,7E+10
1,4E409

9E+08
1,3E+09
1,4E409
1,5E408
2,3E+09
1,5E410
9,5E+09
2,6E+09
5,4E+08
1,5E409
5,4E+08
4,4E+10
1,4E+09
2,9E+08
2,1E+09
1,2E409
5,1E+08

3E+09
4,1E+08
7,4E+08
8,5E+10
2,6E+08

1E+09
5,1E+08

9E+08
3,3E+08
3,6E+08

4E+08
5,1E+08
3,6E+409
1,9E408
14E+09
1,2E409
3,8E+08
6,6E+08
2,8E+09
1,1E409
5,5E+08
3,5E+09
2,5E+08
2,5E+08
47E+08
3,7E+08
1,5E+09
4,26+08
7,1E+08
5,3E+07
1,2E408
5,4E+08
1,5E408
11E+08
3,3E+08

1E+08
6,8E+08
2,5E+09
3,8E+08
1,5E409
5,8E+08
4,1E+08
6,5E+08
4,6E+08
2,8E+09
3,5E+08
8,3E+08
9,4E+08
2,3E+08
2,6E+08
9,8E+08
3,6E+08
2,4E+08

7E+09
556408
2,1E+08
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PODP25
Q00839
F8W1RI
P0B576;
P51571;
Q00059-
Q07065
060664-
P07384;
P04844-
QONS86
E9PF10
P17987;
QaUDW
Q15758;
Q03252
Q13185;
QoP258
P05388;
P25705;
U3KQEZ
Q9EFQ6
Q09666;
Q5W0JC
CoJXB8
AOA0ST:
075396;
AOA1BO
P62913;
P05023-
P17844;
Q07666-
QaY490
Q15181;
P62266;
A0A3B3
P25205;
P39023;
P46940;
P35221;
Q16777;
P51572;
P55265-
HOYFD6
P67809;
P55884;
Q86X51
F8VZJ2;
P62937;
P22626;
AOAOC4
P51991;
P61026

P55060-
AOA2R8
U3KQKC
Q86UP2
C9J0JT7;
E9PKO1
P33992;
A0A087!
Q9BPK6
AOA0ST!
AOA4WE
BSMDFE
Q9BS26
AOA2R8
AOAIXT
Q16658;
C9J712;
HOYNUE
P04792;
FBW6I7;
K7ELC7
Q15365;
Q99497;
P07355;
Q9BAG4
HOY8C6
E9PCY?
P05387;
F5GZS6
QoHOU4
CoJPM4
Q02878;
P09661;
Q92973
Q15084-
Q15417-
QOUNF1
P30050;
P02786;
13L3P7;1
Qav2s7
P09382;
F6U211;
J3Qs39
P62854;
P60866;
P62753;
P32119;
P62701;
A0AOU1
P06702

E9PKZ0
P31151;
K7ESE8
HOY9Y4
P81605;
P49458;
B8ZZQ6
Q00839-
Q7L106
E7END?
P49915-
Qo2572;
Q99661-
HOY5B4
Q02539;
P38159;
B1AK87
P52907;
FBW914
P61106;
QsT7C4
H7C2W¢
P35579;
000303;
P62269;
P62851

Q8TCJ2
AOAOAO
P04083;
AOAOT5!
E7EVAQ
P19338;
P31944

Q9EHJY

PODP25|
Q00839
F8W1RT]
P0B576;
P51571;
Q00059
Q07065
060664
PO7384
P04844-
QONS8H)
E9PF10]
P17987;
Q9UDW/|
Q15758
Q03252
Q13185
QopP258
P05388;
P25705;
U3KQE]
QIEFQH
Q09666
Q5W0J
C9JXB8|
AOA08T;
075396
AOA1BO!
P62913;
P05023-
P17844;
Q07666+
Q9Y490
Q15181
P62266;
AOA3B3]
P25205;
P39023;
P46940;
P35221;
Q16777]
P51572;
P55265-
HOYFD§|
P67809;
P55884;
Q86X51
F8vZJ2]
P62937;
P22626;
AOAOCAH|
P51991;
P61026
P55060-4
AOA2R8
UBKQK(
Q86UP2)
C9J0J7;
E9PKO1
P33992;
A0A087!
QIBPKS|
AOA087!
AOA4W!
BSMDFY
Q9BS26)
AOA2R8
AOAIXT!
Q16658
C9J712;
HoYNUH
P04792
F8W6I7]
K7ELCT|
Q15365
Q99497
P07355;
Q96AGH]
HOY8C|
E9PCY7|
P05387;
F5GZS6|
QoHOU4
CoJPM4|
Q02878
P09661;
Q92973
Q15084
Q15417
QIUNF
P30050;
P02786;
13L3P7;I
Qav2s7]
P09382
F6U211]
J3Q539]
P62854;
P60866;
P62753;
P32119;
P62701;
A0AOU1
P06702
E9PKZ0)
P31151;
K7ESES]
HOY9Y4|
P81605;
P49458;
B8ZZQ#|
Q00839+
Q7L1Q8]
E7END7}
P49915
Q92572
Q99661
HOY5B4|
Q02539
P38159;
B1AK8?
P52907
FBW914
P61106;
QsT7C4|
H7C2W!
P35579;
000303
P62269
P62851
Q8TCJ2|
AOAOAO!
P04083;
AOAOTS5!
E7EVAQ|
P19338;
P31944

Q96HJ9-

28,21
30,90
26,88
30,36
26,89
25,92
27,36
26,09
25,76
28,74
27,92
26,33
27,78
26,51
25,08
26,01
26,64
29,69
27,42
30,86
2553
26,04
30,87
2517
26,79
2543
27,51
25,46
28,28
27,78
31,61
27,13
24,96
26,54
27,39
28,79
28,12
28,18
25,28
30,36
32,90
25,67
25,47
27,70
27,81
25,31
24,85
27,45
30,29
29,99
27,82
28,45
26,54
31,38
27,53
33,66
26,83
26,61
28,56
26,80
25,02
28,56
25,87
31,97
28,34
27,71
28,37
28,68
24,87
29,12
31,91
31,05
29,18
26,99
28,59
27,35
33,32
28,45
25,99
28,99
28,32
26,72
29,43
26,42
27,40
34,25
26,12
28,01
27,08
27,81
26,25
26,68
26,33
27,04
29,65
2541
27,67
28,58
26,69
27,38
29,33
28,41
27,33
29,41
26,03
25,03
26,55
26,55
28,36
26,76
27,52
24,24
25,19
2717
25,91
24,68
26,26
24,98
27,79
29,54
26,69
28,68
27,22
26,86
2715
26,89
29,32
26,52
27,62
27,96
26,00
26,11
27,66
26,43
26,24
31,02
26,70
26,26

28,52
30,55
26,69
3028
26,55
25,42
26,99
26,10
25,51
28,76
27,27
25,98
27,61
25,88
24,83
25,64
26,02
29,32
26,68
30,76
25,50
25,86
30,75
25,23
26,31
25,71
27,36
25,68
27,81
27,93
31,21
26,75
24,80
26,39
26,77
28,54
28,07
26,58
24,94
29,92
32,34
25,50
25,05
27,84
27,65
25,52
24,66
27,44
30,20
29,68
27,47
27,91
26,37
31,34
27,18
33,16
27,02
26,60
28,26
26,92
25,16
27,71
25,73
31,71
28,36
27,51
28,06
28,03
24,96
28,91
31,74
30,89
28,90
26,33
28,07
26,69
33,26
28,18
25,97
28,75
28,02
26,87
29,21
26,11
26,53
34,13
25,91
27,60
26,77
27,68
25,55
25,94
26,14
26,71
29,71
25,06
27,85
28,14
26,27
26,90
29,43
27,79
26,90
28,96
25,10
23,40
25,93
25,92
28,10
26,54
27,39
23,20
24,64
26,85
24,46
24,81
26,08
24,32
26,78
28,97
26,54
28,45
27,08
26,64
27,79
26,22
29,25
26,33
27,37
27,70
25,23
26,04
27,84
26,30
25,88
30,84
27,00
25,68

28,15
30,19
27,16
30,86
26,48
25,17
27,93
26,21
25,93
29,13
27,31
25,76
27,57
26,51
24,87
26,29
26,23
29,24
26,47
31,50
25,97
26,05
31,03
25,39
26,60
25,88
27,66
25,39
28,04
28,08
31,06
26,75
24,77
26,03
26,62
28,46
28,22
26,61
25,20
30,22
32,68
26,78
25,17
27,85
27,21
25,30
24,73
26,95
30,50
29,86
28,31
21,75
27,17
31,24
27,34
32,96
27,43
26,66
28,64
27,03
24,68
27,45
25,61
31,89
28,14
27,56
27,95
28,09
25,13
28,90
31,37
31,15
29,20
26,48
28,43
26,53
33,20
28,16
25,99
28,96
27,35
27,04
29,68
27,01
27,53
34,37
25,54
28,04
26,80
27,53
25,68
26,28
26,47
26,78
29,74
25,26
28,31
27,37
26,11
26,74
29,35
27,49
26,68
30,52
25,44
27,28
27,62
26,04
29,17
26,61
26,95
2334
24,60
26,96
24,74
24,89
26,48
24,19
26,16
28,73
26,36
28,33
27,01
26,29
26,83
26,13
20,66
26,17
27,46
27,54
26,21
26,05
28,25
26,02
25,78
30,03
27,62
25,04

28,52
30,69
27,14
30,96
26,76
25,26
27,97
26,39
25,75
29,20
27,34
25,94
27,78
26,43
25,04
26,10
25,73
29,19
25,99
31,43
25,76
25,93
30,85
25,15
25,57
25,66
27,67
2573
27,61
28,40
30,95
27,08
25,65
26,70
26,29
28,52
27,97
25,70
25,45
30,03
31,94
26,54
25,15
27,84
27,34
25,80
24,82
27,13
30,55
30,16
27,89
27,96
26,97
31,49
26,71
32,33
27,48
26,13
28,66
26,64
24,63
26,94
25,76
31,43
28,35
26,88
27,77
28,15
25,93
28,51
31,05
30,99
29,45
25,30
28,25
26,57
33,00
28,39
25,99
28,81
26,96
26,54
29,52
26,28
26,01
33,90
25,90
27,59
26,78
27,30
23,81
26,68
24,97
26,51
29,45
24,01
27,54
27,37
25,60
25,68
28,92
27,09
26,59
28,97
23,45
24,44
26,02
2528
28,10
26,31
27,48
23,84
24,33
26,99
24,59
24,25
26,06
23,88
25,52
28,36
26,07
27,85
27,18
25,62
26,94
23,78
29,15
26,14
26,07
26,41
2523
25,55
27,91
24,50
25,62
29,62
25,90
2525

27,80
30,40
26,57
30,05
26,56
25,39
27,11
25,82
25,81
28,72
27,22
26,08
27,30
26,08
24,86
25,88
26,67
29,17
28,03
3067
2522
25,91
30,69
24,89
27,47
25,25
26,97
25,23
28,21
27,30
31,19
26,48
23,45
25,89
27,28
28,21
27,84
28,60
24,90
29,97
33,16
25,34
24,94
27,37
27,46
24,87
24,12
27,00
29,84
29,67
27,44
21,71
26,18
31,02
27,58
33,88
26,58
26,52
27,82
26,67
25,04
28,09
25,40
31,43
27,85
27,17
27,97
21,75
23,39
28,60
31,16
30,74
28,73
27,66
27,85
26,41
3278
27,64
25,53
28,33
28,50
26,42
28,76
26,03
28,02
33,67
24,98
27,47
26,27
27,20
27,02
25,41
27,03
26,12
28,99
25,83
27,61
27,89
26,41
27,89
28,95
27,82
26,56
29,51
26,46
25,03
26,82
26,65
27,96
25,95
26,35
22,74
24,20
26,02
24,62
24,15
25,54
24,66
27,91
29,19
25,91
27,91
26,07
26,27
26,50
27,42
28,88
2537
21,74
27,89
25,35
2543
27,15
26,94
25,02
30,50
26,97
24,83

28,47
3045
26,91
30,38
26,47
25,73
27,08
26,04
25,49
28,55
27,78
25,88
27,68
26,19
24,68
2574
26,27
29,65
26,29
3075
25,75
25,82
30,82
2545
26,33
25,78
27,57
25,22
27,97
27,73
31,36
26,69
25,04
25,96
26,79
28,64
28,17
26,65
24,63
30,05
32,34
25,70
25,13
27,69
27,38
24,96
24,77
27,15
30,03
29,13
27,66
27,83
26,33
30,83
27,14
32,04
26,59
26,58
28,32
26,77
24,53
28,01
25,32
31,99
27,90
28,00
27,90
28,12
24,86
29,05
32,02
30,56
28,37
26,03
28,17
26,77
33,12
27,86
25,52
28,65
27,31
26,74
29,10
26,28
26,46
34,19
25,70
27,60
26,60
27,53
25,63
25,80
25,90
26,81
29,55
24,77
27,57
27,72
25,90
26,28
29,04
27,56
26,55
29,18
25,40
25,00
25,99
25,31
28,29
26,36
26,73
22,07
24,47
26,61
24,51
24,57
25,79
2347
25,83
28,18
26,09
28,17
26,52
26,32
26,73
26,41
28,57
25,86
26,96
27,22
25,11
25,37
26,82
25,39
25,34
29,79
26,48
24,90




tr|F6SBNGIF6S8 Protein-L-isoaspar PCMT1
spP29508|SPB: Serpin B3 SERPINB3
sp|Q9BH79|ZCC Zinc finger CCCH- ZC3HAV1LY
SpIQOHAB4|KT3 Ketosamine-3-kine FN3KRP
trlJ3QRO9IJ3QR Ribosomal protein RPL19
splQ16527|CSR Cysteine and glyci CSRP2
sp|P10599|THIC Thioredoxin TXN
sp|P62906|RL1C 60S ribosomal pro RPL10A
sp|P84103-2|SR Serine/arginine-ric SRSF3
sp|P50454|SERI Serpin H1 SERPINH1

tr[E9PPU1|E9PF 40S ribosomal pro RPS3
tr|ADAS90UJK4| Serine/arginine-ric SRSF6
tr|E7EX73|E7EX Eukaryotic translal EIF4G1
sp|P46781|RS9_ 40S ribosomal pro RPS9
sp|P05109]S102 Protein S100-A8;F S100A8
tr/AOA494CO0U7), Protein-glutamine TGM3
sp|P62277|RS1¢ 40S ribosomal pro RPS13
sp|P26373|RL12 60S ribosomal pro RPL13
SpIPO4040[CAT, Catalase CAT
tr]J3KT73|J3KT: 60S ribosomal pro RPL38
sp|P53007|TXTF Tricarboxylate tran SLC25A1
sp|P42357-2|HU Histidine ammoniz HAL
SpIQOHCYB[S1C Protein S100-A14 S100A14
sp|QOUBVS|PEF Pefiin PEF1
sp|Q92688-2|AN Acidic leucine-rich ANP32B
sp|P61313|RL1E 60S ribosomal pro RPL15
tr|H7C469|H7C4 Cathepsin D;Cath« CTSD
tr|Q5JR95|Q5JF 40 ribosomal pro RPS8
spIP35998|PRS' 265 protease regu PSMC2
sp|P17096|HMG High mobility grou HMGA1
tr|HOYENS|HOY 40 ribosomal pro RPS2
SpIQUBPE3|SPB Serpin B12 SERPINB1
trlJ3KRG2|J3KF Gasdermin-A  GSDMA
tr|MOR210[MOR: 40S ribosomal pro RPS16
tr|HOYM70]HOY! Proteasome active PSME2
spIQ6YN16-2|H¢ Hydroxysteroid del HSDL2
sp|Q58FF8|HI0I Putative heat shoc HSPIOAB2!
sp|P46109|CRK Crk-like protein  CRKL
tr|X6R700|X6R7 Chromatin target ¢ CHTOP
tr|J3KTL2|J3KTI Serinefarginine-ric SRSF1
spP47929|LEG! Galectin-7 LGALS?
SpIQO1650|LAT" Large neutral amir SLC7AS
tr|Q2L6G8|Q2LE Comeodesmosin  CDSN

spIP53999TCP: Activated RNA pol SUB1
splP14923|PLA} Junction plakoglok JUP
sp|Q08554-2|DS Desmocollin-1 ~ DSC1
spIPOS089IARG Arginase-1 ARG1
sp|075340-2|PT Programmed cell ¢ PDCD6
tr|H3BV11]H3B\ Nuclear pore comy NUP93
tr|HOYN26|HOY! Acidic leucine-rich ANP32A
sp|P15924|DES| Desmoplakin ~ DSP
spIP26006|ITA3 Integrin alpha-3;In ITGA3
tr|F8WEP5|F8W Hemoglobin subur HBB;HBD
spQ02413|DSG Desmoglein-1 ~ DSG1
splQV1469|FABI Fatty acid-binding FABPS
spIP04259]K2CE Keratin, type Il cyt KRT6B
tr/AOA2R8YFD1 Dynamin-like 120 OPA1
sp|Q14574-2IDS Desmocollin-3 ~ DSC3
spIQBUWPBSB Suprabasin SBSN
spIP04080[CYTI Cystatin-B csTB
sp|Q13835-2|PK Plakophilin-1 PKP1
tr|F8VYNOIF8VY ADP-ribosylation f: ARL1
SpIQ8WVV4[PO Protein POF1B POF1B
SpIQINZT1|CAL Calmodulin-like pr CALMLS

tr|AOAOB4J1Z1], Serinelarginine-ric SRSF7
tr|H3BPC4|H3BF SUMO-conjugating UBE2!
tr|MOQZC5|MOQ 408 ribosomal pro RPS11
tr|J3QLO5|J3QLI Serinefarginine-ric SRSF2;SRSF!
|r/A0AOCADFVS Protein SET:Prote SET:SETSIP

tr|H3BV85|H3B\ BolA-like protein 2 BOLA2B;BOLA2

8

sp|P04899|GNA Guanine nucleotid GNAI2;GNAS;GNAO1;C

+

b+

+

tr[F8VWU4|F8V' Ras-related proteir RABSC;RAB5B;RABSA
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Supplementary Table 2. List of sSiRNAs

Target Sequence (5°-3’)

BRCA1 AGAUAGUUCUACCAGUAAA
ZNF384-1 GCACAUCCGUAUACACUCA
ZNF384-3 GGCAACACAACAAAGAUAA
DNA-PKcs CUUUAUGGUGGCCAUGGAG

Ku80 CAAGGAUGAGAUUGCUUUAGU
Luciferase CGUACGCGGAAUACUUCGA

PARP1 CCAUCGAUGUCAACUAUGA
XRCC4 AUAUGUUGGUGAACUGAGA
PARP3 SMARTpool: ON-TARGETplus (Dharmacon)
Ku70 SMARTpool: siGENOME (Dharmacon)




Supplementary Table 3. List of primers

Name Sequence (5°-3’)
Hindlll FW TAAAAAGCTTATATGGAAGAATCTCACTTCAATTCTAAC
Kpnl RV TAATAATGGTACCCTAAGAGCTGGCCAGGTGC

ZNF384-3_siRNAres_Hindll Rv

ACTTGAAGGGCTTGTCCTTATTATGCTGTCGTCT

ZNF384-3 siRNAres Kpnl FW

AGACGACAGCATAATAAGGACAAGCCCTTCAAGT

CMV1 FW

TGGCCCGCCTGGCATTATGCC

CD4int RV GCTGCCCCAGAATCTTCCTCT
M13 FW GTAAAACGACGGCCAGT
M13 RV CAGGAAACAGCTATGAC

ZNF384  AN-terminus(1-209)
Fw

CGAGCTCAAGCTTATATGGACCATCAGAAAGAC

ZNF384  AN-terminus(1-209)
Rv

GCCGTCTTTCTGATGGTCCATATAAGCTTGAGC

ZNF384 AC2H2(205-410) Fw

ATGCTGGAATCAGGGCTGGCAGTGGCCCAG

ZNF384 AC2H2(205-410) Rv

GGCCTGGGCCACTGCCAGCCCTGATTCGTC

ZNF384 AC-terminus(401-516)
Fw

CCGCCTGATCTTCAGCCGTTTAAACCCGCT

ZNF384 AC-terminus(401-516)
Rv

AGCGGGTTTAAACGGCTGAAGATCAGGCGG

ZNF384 N-terminus Fw

ATTAAAAAGCTTCTATGGAAGAATCTCACTTCAATTCTAACC
C

ZNF384 N-terminus Rv

TAATAATGAATTCTTAGAATTCTTAATCATCATCCTCAGGGG
AGAGGAC

ZNF384 C-terminus Fw

ATTAAAAAGCTTCTCAACAGGTGCAGGCAGCAG

ZNF384 C-terminus Rv

TAATAATGAATTCCTAAGAGCTGGCCAGGTGC

ZNF384 C2H2 Fw

ATTAAAAAGCTTCTCCCGAGATGAATGACCCTTATGTCC

ZNF384 C2H2 Rv

TAATAATGAATTCTTATGCCGCTGCTGCTGCTG

pET-His6-MBP-ZNF384 Fw

TACTTCCAATCCAATGCAATGGAAGAATCTCACTTCAATTCT
AAC

pET-His6-MBP-ZNF384 Rv

TTATCCACTTCCAATGTTATTACTAAGAGCTGGCCAGGTG

pET-His6-MBP-N-term Fw

ATTAAAAATATTATGGAAGAATCTCACTTCAATTCTAACCC

pET-His6-MBP-N-term Rv

TAATAATGGATVVTTAATCATCATCCTCAGGGGAGAGGAC

pET-His6-MBP-C-term Fw

ATTAAAAATATTCAACAGGTGCAGGCAGCAG

pET-His6-MBP-C-term Rv

TAATAATGGATCCCTAAGAGCTGGCCAGGTGC

pET-His6-MBP-C2H2 Fw

ATTAAAAATATTCCCGAGATGAATGACCCTTATGTCC

pET-His6-MBP-C2H2 Rv

TAATAATGGATCCTTATGCCGCTGCTGCTGCTG

ssDNA T-strand / 3'overhang FW /
dsDNA3-T FW

/5Biosg/CGCTATCGTCTACGTCATGATCGCAGAAAAAGAAAA
AAAAAGAA

ssDNA A-strand / dsDNA®T FW

TTCTTTTTTTTTCTTTTTCTGCGATCATGACGTAGACGATAGC
G

forward 5’overhang / dsDNA%T RV

CGCTATCGTCTACGTCATGATCGC

5’overhang RV

/5Biosg/CGCTATCGTCTACGTCATGATCGC

3’overhang RV

/5Biosg/GCGATCATGACGTAGACGATAGCGTTCTTTTTTTTTC
TTTTTCT

dsDNA3-T RV

AGAAAAAGAAAAAAAAAGAACGCTATCGTCTACGTCATGATC
GC

RNA U-strand

/5Biosg/ GCGAUCAUGACGUAGACGAUAGCGUUCUUUUUUU
UuCuuuuucu




Supplementary Table 4. List of primary antibodies

Protein Host Company IF WB
BRCA1 Mouse | Santa Cruz (sc-6954) 1:500
DNA-PKcs Mouse | Abcam (clone 18-2) 1:750
p-DNA-PKcs Rabbit | Abcam (ab18192) 1:750
(S2056)

GFP Mouse | Roche (11814460001) 1:2500
Ku80 Rabbit | Santa Cruz (H-300, sc-9034) 1:500 1:1000
PAR Rabbit | Enzo Lifesciences 1:1000 1:2000
Ku70 Mouse | Santa Cruz (sc-17789) 1:1000
RAD51 Mouse | GeneTex (clone 14B4) 1:200

a-Tubulin Mouse | Sigma (cloneDM1A, T6199) 1:5000
XRCC4 Rabbit | Gift from D. van Gent 1:500

XRCC4 Mouse | SAB (40455) 1:1000
ZNF384 Rabbit | Abcam (ab176689) 1:1000
YH2AX Mouse | Millipore (clone JBW301, 05-636) 1:2000 1:1000
PARP1 Rabbit | Cell signaling (9542S) 1:1000
GFP Mouse | Sigma (11814460001) 1:1000
H3 Rabbit | Abcam (ab1791) 1:10000
LIG4 Rabbit | Abcam (ab193353) 1:1000
53BP1 Rabbit | Novus Biologicals (NB100-304) 1:2000
YH2AX Mouse | Upstate (clone JBW301, #05-636) 1:100

ZNF384 Rabbit | ATLAS antibodies 1:1000

PARP3 Rabbit | Gift from F. Dentzer 1:10000
Geminin Rabbit | Proteintech (10802-1AP) 1:400

ATM Rabbit | Cell signaling (clone D2E2) 1:2000
pATM (S1981) Mouse | Cell signaling (4526) 1:2000
CHK1 Mouse | Santa Cruz (clone G-4, sc8408) 1:1000
pCHK1 (S345) Rabbit | Cell signaling (clone 133D3) 1:1000
RPA32 Mouse | Abcam (ab1275) 1:1000

PARP2 Mouse | ENZO lifesciences 1:1000
Pan-ADPr Rabbit | Sigma (MABE1016) 1:1500
Actin Rabbit | Sigma (A5060) 1:1000
MBP Mouse | NEB (E8032S) 1:10000




Supplementary Table 5. List of biotin-labeled DNA substrates

Name Sequence

ssDNA T-strand /5Biosg/-
GCGATCATGACGTAGACGATAGCGTTCTTTTTTTTTCTTTTTCT

ssDNA A-strand TTCTTTTTTTTTCTTTTTCTGCGATCATGACGTAGACGATAGCG-
/5Biosg

5’overhang TTCTTTTTTTTTCTTTTTCTGCGATCATGACGTAGACGATAGCG

CGCTAGTACTGCATCTGCTATCGC-

/5Biosg/

3’overhang /5Biosg/-
GCGATCATGACGTAGACGATAGCGTTCTTTTTTTTTCTTTTTCT

CGCTAGTACTGCATCTGCTATCGC

dsDNA3-T /5Biosg/-
GCGATCATGACGTAGACGATAGCGTTCTTTTTTTTTCTTTTTCT
CGCTAGTACTGCATCTGCTATCGCAAGAAAAAAAAAGAAAAAGA

dsDNAST TTCTTTTTTTTTCTTTTTCTGCGATCATGACGTAGACGATAGCG

AAGAAAAAAAAAGAAAAAGACGCTAGTACTGCATCTGCTATCGC-
/5Biosg/
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