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Figure S1. Sequence alignment among human, mouse, and chicken Xpf. Purple, 

green, and orange lines indicate disrupted SF2-family helicase domains, Ercc4 domain, 

and Ercc1 binding region, respectively. Grey and black blocks represent identical amino 

residues in two and three species, respectively. Red (D674) and blue (D702) blocks are 

replaced by alanine for inactivation of nuclease activity. The yellow boxes indicate 

amino-acid sequences determined by mass spectrometric analysis of proteins precipitated 

together with tagged Eme1. 

 

Figure S2. Identification of the interaction partners for Xpf in DT40 cells. (A) Ercc1 

and Slx4 are immunoprecipitants of tagged Xpf. Lysates derived from wild-type and 

XPF-/-/GdXPF-Flag DT40 cells were subjected to Immunoprecipitation with anti-FLAG 

antibody. Immunoprecipitants were separated on an SDS-PAGE gel and visualized by 

silver staining. Bands indicated by arrows were excised and subjected to mass 

spectrometric analysis. (B) The sequence alignment among human, mouse, and chicken 

Ercc1. Grey and black blocks represent identical amino residues in two and three species, 

respectively. The yellow boxes indicate amino acid sequences determined by mass 

spectrometric analysis of proteins precipitated together with tagged Xpf.  

 

Figure S3. Ortholog gene of MUS81 is not registered in the chicken database. (A) 

Human MUS81 was compared with each of chimpanzee, dog, mouse, rat, chicken, fugu, 

and zebrafish. (B) Sequence alignment among human, mouse, and chicken Eme1. 

Chicken Eme1 was cloned by using synthesized cDNAs derived from DT40 cells.  Grey 

and black blocks show identical amino residues in two and three species, respectively. 

 

Figure S4. Co-immunoprecipitation of Xpf with Eme1 or Slx4. (A) Xpf is an 

immunoprecipitant of tagged Eme1. Lysates derived from wild-type and 

GdEme1-TAP-expressing DT40 cells were subjected to tandem affinity purification 

(TAP). TAP-purified proteins were separated on a 10% SDS-PAGE gel and visualized by 

silver staining. Bands indicated by arrows were excised and subjected to mass 

spectrometric analysis. (B) Lysates from HEK293 cells co-expressing TAP-GdXpf or 

TAP-GdEme1with Flag-GdEme1 or Flag-HA-GdXpf were immunoprecipitated with IgG 

beads, respectively, and the immunoprecipitates were probed with anti-CBP and 

anti-Flag antibodies. (C) Upper panels, gel filtration profiles of mono S fractions.  Lower 
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panels, the gel filtration fractions were analyzed by Western blotting against Flag-Xpf 

and Eme1. Flag-Xpf and Eme1 were co-purified from fraction 6 to 9.  (D) Lysates from 

HEK293 cells co-expressing Flag-HA-GdXpf with GFP-GdSlx4 were 

immunoprecipitated with anti-Flag or anti-GFP antibody, and the immunoprecipitates 

were probed with anti-GFP and anti-Flag antibodies. 

 

Figure S5. Schematic representation of EME1 disruption in DT40 cells. (A) 

Disruption of the chicken EME1 gene. Left: Schematic representation of partial 

restriction map of the GdEME1 locus, the two gene disruption construct and the 

configuration of the targeted loci. Black boxes indicate the positions of exons. Relevant 

EcoRI restriction sites are shown here. Right: Southern blot analysis of wild type (+/+), 

heterozygous mutant (+/-) and homozygous mutant (-/-) clones. EcoRI digested genomic 

DNA was hybridized with the probe shown in the left. (B) Growth curves of cells with the 

indicated genotype. The experiment was repeated at least three times. (C) Sensitivity to 

the indicated genotoxic agents in wild-type and EME1-/- DT40 cells. Cells with the 

indicated genotype were exposed to each genotoxic agent. The experiment was repeated 

at least three times and three independent EME1-/- clones was used. 

 

Figure S6. Schematic representation of XPF disruption in DT40 cells. (A) Southern 

blot analysis for disruption of the chicken XPF gene. EcoRV-digested genomic DNA of 

wild-type (+/+), heterozygous mutant (+/-), heterozygous mutant with marker gene being 

excised (+/-*), and homozygous mutant (-/-) cells was hybridized with the probe shown 

in Fig. 1A. (B) Strategy for generating XPF-/-GdXPF-loxP cells. (C) Transgene excision 

by the chimeric Cre recombinase carrying the TAM-binding domain. (D) Transgene 

excision was confirmed by monitoring the loss of GFP expression (x-axis) before (left) 

and 1, 2, 3, and 4 days after addition of TAM at time zero. Propium-iodine (PI) staining of 

dead cells is indicated on the y-axis. (E) Xpf mRNA in XPF-/-GdXPF-loxP cells was 

confirmed by RT-PCR. Cells were extracted before, and 2 and 3 days after addition of 

TAM, and same amounts of total RNA were used for RT-PCR. (F) Growth curve without 

the TAM treatment in the indicated cells. (G) Top panels, all plasmids made in this study 

(TAP-Xpf wild-type, TAP-Xpf D674A, and TAP-Xpf D702A) can work well under 

conditions of transient expression, although we could not obtain any stable DT40 clones 

expressing the TAP-tagged mutant Xpf in contrast to a wild-type Xpf transgene. Bottom 
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panels, the number of clones analyzed by Western blotting to obtain the stable DT40 

clones. 

 

Figure S7. Xpf and Mus81 are compensatory to each other in the completion of HR 

in human and mouse cell lines. (A) HeLa cells were treated with either control siRNA 

or siRNA against MUS81 and/or XPF. Depletion efficiency was analyzed in whole-cell 

extracts by western blotting against Xpf and Mus81. β-Actin provided a loading control. 

(B) Mouse wild-type or MUS81-/- ES cells were treated with either control siRNA or 

siRNA against XPF. Depletion efficiency was analyzed in whole-cell extracts by western 

blotting against Xpf. β-Actin provided a loading control. 
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