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Figure S1. NRDE-2 like proteins are conserved in many eukayotes. NRDE-2 like proteins from S. pombe (Spo), C.
elegans (Cele), Danio rerio (Dre), D. melanogaster (Dme), Mus musculus (Mmu), G. gallus (Gga) and H. sapiens
(Hsa), were aligned using PROMALS3D to obtain secondary structure, conservation, and consensus sequence
information. Aminoacid sequences are colored according to their predicted secondary structures (red: alpha-helix,
blue: beta-strand). The first line in each block shows conservation indices for positions with a conservation index
above 4. The last two lines show consensus amino acid sequence (Consensus_aa) and consensus predicted
secondary structures (Consensus_ss). Consensus predicted secondary structure symbols: alpha-helix: h; beta-
strand: e. Conserved amino acids are in bold and uppercase letters; aliphatic (I, V, L): I; aromatic (Y, H, W, F): @;
hydrophobic (W, F, Y, M, L, I, V, A, C, T, H): h; alcohol (S, T): o; polar residues (D, E, H, K, N, Q, R, S, T): p; tiny
(A, G, C,S): t;small (A, G,C, S,V,N, D, T, P):s; bulky residues (E, F, I, K, L, M, Q, R, W, Y): b; positively charged
(K, R, H): +; negatively charged (D, E): -; charged (D, E, K, R, H): c.
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Figure S2. NRDE-2 like proteins are structurally similar to Syf1 and Syf3 splicing factors. NRDE-2 proteins from
S. pombe (Spo), C. elegans (Cele) and H. sapiens (human), and the Syf1 and Syf3 factors from human and S.
pombe (Cwf3 and Cwf4), were aligned using PROMALS3D as described in Figure S1.
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Figure S3. Silver staining of Nrl1 associated proteins. Protein complexes associated with Nrl1-TAP were
isolated by tandem affinity purification. 10 pl of protein fraction eluates from purifications carried out without
RNase A treatment (lane 1-4, - RNase A) or in presence of RNase A (lane 5-8, + RNase A) were separated
by 8% SDS-PAGE and visualized by silver staining. Molecular weight markers (MW marker) are indicated

on the left.
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Figure S4. Nr1 strains display spicing defects. Heatmap of splicing changes by differences in the
PSI values between WT and nrf1A. 43 genes displayed significant PSI differences between WT
and nrl1A. For the dendrogram shown, hierarchical clustering was performed using Euclidean
distance. In each entry of the heatmap the gene and the genomic coordinates of the respective
intron are depicted (see Table S2 for details). The heatmap was built using the gplots R package
(heatmap.2 function).
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Figure S5. nrl1A cells maintain a functional DNA damage checkpoint. WT and nr/1A strains harboring a Chk1
protein tagged with Hemagglutinin (HA) at OD=0.3 were grown for 4 hours in YEGS in presence (+) or absence
(-) of MMS (0.01%). Levels of phosphorylated Chk1 protein were analyzed by western blot using the mouse
monoclonal anti-HA antibody 12CA5 (Abcam). Activation of Chk1 results in a slower migrating species because
of phosphorylation of S345 by Rad3.
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Figure S6.nrl1A rad3A and nrl1A rad52A strains are hypersensitive to low levels of genotoxic

agents. (A) Fivefold serial dilutions of WT (TH2094) and nr/1A (TH8103), rad3A (TH585) and nrl14A rad3A
(TH8127) on YE6S, methyl methanesulfonate (MMS), bleomycin (Bleo) and camptothecin (CPT) at indicated
concentrations. (B) Fivefold serial dilutions of WT (TH2093) and nrl1A (TH8340), rad52A
(TH2129) and nrl1A rad52A (TH8698-9) on YE6S, and YE6S with 0.2ug/ml bleocin.
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Figure S7 Loss of Nrll results in break-induced chromosome loss and chromosomal rearrangements. (A) Schematic of
the minichromosome Ch%-LMYAU and outcomes leading to increased break-induced colony sectoring. Derepression
of HO endonuclease (by removal of thiamine) generates a DSB at the MATa target site (indicated by scissors). (B)
Colony sectoring DSB assay of nrl1A (TH8103). Sectoring resulting from break-induced Ch®* loss (indicated) was
detected on EMM plus leucine, uracil and low adenine (5 mg/L) while sectoring resulting from break-induced LOH
(indicated) was detected on EMM plus uracil and low adenine (5 mg/L) in the presence (DSB off) or absence (DSB on)
of thiamine.
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Figure S8. nrl1+ deletion does not affect the splicing of HR factors shown acting upstream of Rad51. Total RNA was isolated from non-irradiated (-Gy100) and
irradiated (+Gy100) wildtype (WT) and nrl1A cells, treated with DNase | (Roche), and reverse transcribed (OmniScript, Qiagen). PCR was carried out with
primers designed to span at least one exon. As controls, total RNA from a splicing factor mutant (prp10-1) and genomic DNA were used. Ratios between the
spliced and total (spliced+unspliced) products are presented. Band intensities were measured using ImageJ, (http://imagej.nih.gov/ij/). ssb1-3 indicate the three

subunits of RPA; tbp1 (TATA-binding-protein 1) : non-HR control; act1: loading control.
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Figure S9. R-loop accumulation in WT, nrl1A, rad51A, rad52A, rad51A nrl1A and rad52A nrl1A prior and
upon IR exposure. Chromosome spreads were immunostained using the S6.9 antibody as previously
described [52]. As negative control, the spreads were pre-treated with RNase H (+ RNAse H) before
immunostaining. +IR: The cells were exposed to 100 Gy of IR before immunostaining.
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Figure S10. Quantification of R-loop positive nuclei in WT, nrl1A, rad514, rad52A, rad51A nrl1A
and rad52A nrl1A strains before and after IR exposure. +IR: The cells were exposed to 100 Gy of
IR and incubated for 4 hrs before immunostaining. Mean and standard deviation were scored from
triplicate experiments, n > 200. The asterisks (*) indicate significant differences compared with WT
as determined by paired T-test (p < 0.05). +IR: The cells were exposed to 100 Gy of IR before
immunostaining.



Supplemental methods and detailed protocols

Protein purification

Cells expressing Nrl1-TAP were grown in 16 L of complete yeast extract medium
(YE+5S) to mid-log phase (OD ~0.8). 8 L of culture was concentrated to 300 mL and
exposed to 100 Gy of gamma irradiation (+IR, 3.3 Gy/min) in a 500 ml conical, for a
total of 30 min. After irradiation cells were resuspended in 8 L of YE+5S medium and
recovered for 30 min at 30°C. The same procedure was applied for control cells (-IR),
except irradiation step. Following, cells were harvested by centrifugation and Nrll-
TAP associated proteins were isolated. Briefly, yeast cell powder was made using
SPEX SamplePrep 6870 Freezer/Mill. Proteins were extracted using IPP150 buffer (1
g of powder per 3 mL of IPP150 buffer) (IPP150, 50 mM Tris pH 8.0, 150 mM NaCl,
10% glycerol, 0.1% NP-40, supplemented with complete protease and phosphatase
inhibitors and 1 mM PMSF). 500 pL of IgG beads was incubated with protein extracts
for 2 h at 4°C. Beads were washed with 20 volumes of IPP150 buffer, with 5 volumes
of TEV cleavage buffer A (TCBA, 10 mM Tris pH 8.0, 150 mM NacCl, 10% glycerol,
0.1% NP-40, 0.5 mM EDTA), resuspended in 2 mL of TCBA supplemented with
RNase A (5 pg/mL) and incubated for 30 min at 16°C. Following RNase A treatment,
the samples were supplemented with DTT (1 mM) and the AcTEV™ protease (400
units) was added. The TEV cleavage step was performed for 2 h at 16°C. The eluate
was supplemented with 6 pl of 1 M CaCl2, mixed with 6 ml of Calmodulin binding
buffer 1 (CBB1, 10 mM Tris pH 8.0, 150 mM NaCl, 10% glycerol, 0.1% NP-40, 1
mM imidazole, 1 mM Mg-acetate, 2 mM CaCl2, 10 mM B-mercaptoethanol), 200 pL
of calmodulin beads and incubated for 2 h at 4°C. The beads were washed with 10
volumes of CBB1 and 5 volumes of Calmodulin binding buffer 2 (CBB2, 10 mM Tris
pH 8.0, 150 mM NaCl, 1 mM Mg-Acetate, 2 mM CaCl2, 1 mM B-mercaptoethanol).
The proteins were step-eluted using 200 pL of elution buffer (10 mM Tris pH 8.0,
150 mM NaCl, 1 mM Mg-acetate, 2 mM EGTA, 1 mM B-mercaptoethanol). Eluted
proteins were separated on SDS-PAGE and visualized by silver staining. Eluates from
peak fractions were combined and submitted for LC-MS/MS analysis.

Enzymatic digest, LC-MS/MS analysis and data analysis

The pH of the eluted protein sample was adjusted to 8.5, disulfide bonds were
reduced with DTT and subsequently alkylated with iodoacetamide . Proteins were

digested with trypsin (recombinant, proteomics grade, Roche; 1:25 of the estimated



amount of protein) at 37°C overnight and stopped by addition of trifluoroacetic acid
(TFA) to approx. pH 2. Digests were separated on an UltiMate 3000 RSLCnano LC
system (Dionex, Thermo Fisher Scientific). Peptides were loaded onto a trapping
column (PepMap C18, Sum particle size, 300 um i.d. x Smm, Dionex, Thermo Fisher
Scientific) equilibrated with 0.1% TFA and separated on an analytical column
Acclaim PepMap RSLC C18, 50 cm x 75 pm x 2 um, 100 A, Dionex, Thermo Fisher
Scientific) applying a 60 minutes linear gradient from 1.6% up to 30% acetonitrile
(ACN). The HPLC (nano RSLC from Dionex, Thermo Fisher Scientific) was directly
coupled to a QExactive mass spectrometer (Thermo Fisher Scientific) via a
nanoelectrospray ionization source (Proxeon, Thermo Fisher Scientific). The
electrospray voltage was set to 1900 V. The QExactive mass spectrometer was
operated in the data-dependent mode: 1 full scan (m/z: 350-1650, resolution 70000)
with lock mass enabled was followed by maximal 12 MS/MS scans. The lock mass
was set at the signal of polydimethylcyclosiloxane at m/z 445.120025. The 12 most
intense ions were fragmented by higher energy collisional dissociation (HCD) with
normalized collision energy of 30. Fragment spectra were acquired with a resolution
of 17500. The ion target value for full MS was set to 1,000,000, for MS/MS to
100,000. Fragmented ions were excluded from further selection for 30 s. Raw data
were searched with MaxQuant 1.5 against the S. pombe DB (5144 entries, 2013-05-
09, http://www.pombase.org/) including the contaminant collection with the following
parameters: trypsin was selected as protease allowing two missed cleavages,
carbamidomethylcysteine was set as static modification, oxidation of methionine,
phosphorylation of serine, threonine and tyrosine as well as protein N-terminal
acetylation as variable modifications. Precursor tolerance was set to 4.5 ppm and 20
ppm MS/MS for the fragment tolerance. Results were filtered at the peptide and at the
protein level to 1% FDR. Relative quantification was based on the total peak
intensities for each protein calculated with MaxQuant. For comparison protein

intensities were normalized to the intensity of Nrll in proliferating cells.
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