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Supplemental Experimental Procedures 
 
Cell culture and plasmids 
U2OS, DR-U2OS, HeLa, and 293T were grown in Dulbecco Modified Eagle medium (DMEM) 
supplemented with 10% (v/v) FBS (Invitrogen). In some cases, cells were cultured in media containing 
100 units of penicillin per ml, and 0.1 mg streptomycin per ml.  

Plasmids were constructed using recombinational cloning via the Gateway system (Invitrogen, 
Inc). Open reading frames in either pDONR or pENTR derivatives were recombined into the appropriate 
recipient vector using λ recombinase. The sources of open reading frames and primers used for PCR are 
shown in Table S2. All open reading frames were sequence validated. 
 
Mass spectrometry and protein interaction 
The methodology employed for mass spectrometry and data analysis is described in Sowa et al (Sowa, 
2009). Briefly, the indicated proteins were expressed in 293T cells using either an MSCV-based LTR 
driven retrovirus (N-terminal HA-FLAG tag) or a CMV driven lenti-virus (pHAGE vectors kindly provided by 
Alex Balazs and Richard Mulligan, Harvard Medical School) (N/C-terminal HA-FLAG tag, Tet inducible C-
HA). Cells expressing these proteins were lysed in lysis buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl, 
0.5% Nonidet P40, 1mM EDTA) + protease inhibitors (ROCHE), and phosphatase inhibitors (10mM NaF, 
10mM NPP, 10mM β-glycerophosphate, 0.1μM okadaic acid) and cleared lysates were subjected to 
immunoprecipitation using anti-HA antibodies covalently coupled to agarose beads. After 5 washes, 
beads were exchanged into PBS and proteins were eluted with synthetic HA peptide.  The HA peptide 
was removed by precipitation of the proteins using trichloroacetic acid (20%, followed by a 10% TCA 
wash and 3 100% Acetone washes). Proteins were trypsinized and processed for mass spectrometry (LC-
MS/MS) on an LTQ ion trap instrument as described previously  (Sowa, 2009). Mass spectrometry data 
was processed using the comparative proteomics analysis software suite CompPASS (Sowa, 2009) 
which uses total spectral counts (TSC) for each identified protein to determine DN-scores and Z-scores 
using parallel data from 75 unrelated baits as a comparative analysis tool (the Dub dataset from (Sowa, 
2009)). In plots of DN-score versus Z-score, proteins with DN-scores greater than 1 are considered to be 
high confidence candidate interacting proteins (HCIPs). The entire data sets for proteins identified by 
mass spectrometry are provided in Table S1. 

For immunoprecipitation of endogenous proteins, cells were lysed in lysis buffer .  Protein extract 
(1-2 mg) was pre-cleared with Protein A sepharose CL-4B (GE Healthcare) for 1 hour at 4o C.  The 
supernatant was subsequently incubated at 4o C with α-SLX4 C (5μg) or a control rabbit antibody and 
Protein A sepharose CL-4B overnight. In control experiments, 15 μg of antigenic peptide was added 
together with 5 μg of anti-SLX4C to the immunoprecipitation reaction. Following five washes in lysis buffer, 
the immunoprecipitates were eluted in SDS Laemli buffer and size-fractionated on a Tris-Acetate or Bis-
Tris gels (Invitrogen) prior to blotting with the indicated antibodies.  Endogenous IPs for ERCC4 and 
TERF2IP were performed as described above using α-ERCC4F (1μg) or α- TERF2IP (2μg) antibodies 
and proteins were separated on Tris-Glycine gels (Invitrogen). 
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 For protein interaction studies, the indicated proteins were expressed in 293T cells and after 24-48 
h, cells were lysed in lysis buffer, and cleared lysates used for immunoprecipitation with the indicated 
antibodies. Immune complexes were washed 4-5x with lysis buffer, resuspended in SDS laemli buffer and  
were subjected to polyacrylamide gel separation and immunoblotting with the indicated antibodies. 
 Two-hybrid analysis was performed as described (Xu et al., 2008). 
 
Antibodies 
Antibodies directed against SLX4 (α-SLX4C) were generated in rabbits using a synthetic peptide 
(TRREKLQGRRRQPR) derived from the C-terminus (residues 1813-1826) and were affinity purified using 
immobilized antigenic peptide. An additional anti-SLX4 antibody made in mice (α-SLX4M) was purchased 
from Novus (H00084464-B01). All other antibodies were from commercial sources: TERF2IP (Rap1), 
Bethyl (A300-306A); PLK1, Santa Cruz (F-8); MSH2, Abcam (ab52266); MUS81, Abcam (ab14387); 
ERCC4 (XPF), Thermo (clone 219); γH2AX, Millipore (JBW301); TRF2, Millipore (4A794). 
 
RNAi 
Retroviral infections were done in the presence of 8 µg of polybrene per ml of viral supernatant. 
Sequences of shRNAs expressed from pSMP are provided in Table S2.  shRNAs were obtained from 
Open Biosystems. RNAimax (Invitrogen) was used for reverse siRNA transfections (25 nM in U2OS, 36 
nM in HeLa) according to manufacturer's instructions.  siRNAs were from Dharmacon and the sequences 
are provided in Table S2. 
 
Multicolor competition assay 
GFP-U2OS and dsRed-U2OS cells used in the assay were described previously  (Smogorzewska et al., 
2007).  dsRed-U2OS cells were infected with a control shRNA and the GFP-U2OS cells were infected 
with experimental shRNAs.  Seven to ten days later, red and green cells were counted, mixed 1:1 and 
plated in 12 well plates. One day following mixing, cells were treated with the indicated DNA damaging 
agent and cultured for 10-12 days with an appropriate split at day 5 of treatment. The ratios of green to 
red cells were assessed using the high throughput sampler on an LSRII analyzer (BD Biosiences).  
Experiments were done in triplicate and error bars represent standard deviations of the normalized levels 
of resistance. The resistance of GFP-U2OS cells infected with control shRNA was set to 100%. 

HeLa and GFP-HeLa were used in siRNA based multicolor competition assays.  HeLa and GFP-
HeLa were reverse transfected with control siRNA or experimental siRNAs, respectively.  3 days later, no 
color and GFP cells were counted, mixed 1:1 and plated in 24 well plates. One day after mixing cells were 
treated with the indicated DNA damaging agent.  Camptothecin treated cells were then maintained in drug 
for the duration of the experiment.  Cells were cultured for 6-7 days and split when needed.  Cells were 
analyzed as described above. 
 
In vitro DNA cleavage assays 
DNA cleavage assays were performed using 5’-32P-end-labeled DNA substrates.  Substrates were 
generated by annealing oligonucleotides and were purified by poly-acrylamide gel electrophoresis as 
described previously (Ciccia et al., 2003; Ip et al., 2008; Rass and West, 2006). The sequences employed 
are provided in Table S2. XO-OE refers to a static junction with 3’ overhangs of 1 or 2 nucleotides while 
XO-BE refers to static holiday junctions with blunt ends (Figure S10). Radiolabeled substrates were 
incubated with the indicated immune complexes isolated in lysis buffer + 1mM DTT from the indicated cell 
lines as described above. Immune complexes were washed 3x in cleavage buffer (50 mM Tris pH 8.0, 5 
mM MgCl2, 40 mM NaCl, 1 mM DTT, 100 μg/ml BSA) prior to addition of substrate. After 30 min at 37oC, 
reaction mixtures were treated with 1% proteinases K in SDS prior to electrophoresis on either 8% 
polyacrylamide gels (native) or 12% polyacrylamide-urea gels (denaturing). Reaction products were 
visualized by autoradiography. To examine cleavage symmetry, products were incubated with 400 units of 
T4 DNA ligase (1 h) prior to electrophoresis on denaturing gels (Ip et al., 2008). 
 
Homologous Recombination (HR) Assay 
HR assays were performed as described (Smogorzewska et al., 2007) (Xia et al., 2006).  I-SceI was 
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delivered using adenovirus AdNGUS24i (kindly provided by Frank Graham and Philip Ng, McMaster 
University) with a multiplicity of infection of 10. Experiments were done in triplicate and error bars 
represent standard deviations of the normalized levels of HR. Relative HR of cells infected with control 
shRNA was set to 100%. 
 
Generation of DSB damage 
Microirradiation was performed as described previously  (Bekker-Jensen et al., 2006). Cells were pre-
treated with 10 μM BrdU for 24 hours to sensitize them to the UVA laser.  Cells were microirradiated using 
PALM MicroBeam with fluorescence illumination (Zeiss).  The power of the 355 nM laser was set between 
40-45%, which resulted in localized damage as judged by γ-H2AX staining.  DAPI staining was intact 
under these conditions. Cells (HT1080 or U2OS as indicated) were fixed 30 min or 1 hour after irradiation 
and stained with DAPI.  GPF-fusion proteins were visualized directly. For co-localization experiments, 
antibodies against γ-H2AX were used in indirect immunofluorescence staining. 
 
Immunofluorescence staining 
Immunofluorescence as performed as described in (Smogorzewska et al., 2007). Cells grown on 
autoclaved cover slips were rinsed in PBS and were fixed in 3.7% (w/v) formaldehyde (Sigma) diluted in 
PBS for 10 minutes at room temperature. Cells were washed once with PBS, permeabilized in 0.5% (v/v) 
NP40 in PBS for 10 minutes, washed again in PBS, and blocked with PBG (0.2% [w/v] cold fish gelatin, 
0.5% [w/v] BSA in PBS) for 20 minutes. Coverslips were incubated with a primary antibody for 2 hours at 
room temperature or overnight at 4o C. After three 5-minutes washes with PBG, the coverslips were 
incubated with the appropriate secondary antibody. After three additional washes in PBG, the coverslips 
were embedded in Vectashield (Vector Laboratories) supplemented with DAPI.  Triton pre-extraction was 
performed by incubating cells for 5 minutes at room temperature with 0.5% Triton in PBS. Cells were fixed 
and processed as above. Images were captured using a confocal microscope (Olympus). Any co-staining 
experiments included proper controls to exclude crossing of signal between channels. 
 
Bacterial Purification of SLX1/SLX4-C and MUS81/EME1 
For production of GST-SLX1 and His6-SLX4-C in bacteria, open reading frames for the two proteins were 
recombined into pET-60 (GST, Ampr)or pColA (His6 , Kanr) vectors and genes co-expressed in BL21 
(Rosetta) cells. Cells were lysed in lysis buffer containing protease inhibitors, sonicated  2x and cleared 
by centrifugation. Supernatants were purified with GSH-sepharose for 2hr and washed 5 times with lysis 
buffer. Buffer was then exchanged to TRIS buffer (50 mM Tris pH 7.5, 10% glycerol, 0.01% NP40) 
containing  0.1M NaCl, 1 mM DTT and complexes were eluted with 20 mM glutathione.  Eluates were 
combined and purified with Nickel-NTA agarose as described by Ciccia et al, 2003. GST-SLX1E82A/His 
SLX4C and GST-MUS81/His–EME1 (expression vectors kindly provided by S. West, Ciccia et al., 2003) 
complexes were prepared similarly.  GST-SLX1 was prepared similarly but with a single GSH-Sepharose 
purification step. 
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Figure S1.  Characterization of SLX4 antibodies. Extracts from 293T cells were immunoprecipitated using 
anti-SLX4C antibodies in the presence and absence of competing antigenic peptide and washed immune 
complexes subjected to SDS-PAGE using anti-SLX4M or anti-ERCC4 antibodies. The asterisk indicates 
apparent SLX4 breakdown products. 
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Figure S2. Multi-sequence alignments of eukaryotic SLX4/BTBD12-related proteins. Sequences were 
analyzed using CLUSTALW and displayed using BOXSHADE. 
 
MmBTBD12     1 -------------------------------------------------------------------------------------------------------------- 
HsBTBD12     1 MKLSVNEAQLGFYLGSLSHLSACPGIDPRSSEDQPESLKTGQMMDESDEDFKELCASFFQRVKKHGIKEVSGERKTQKAASNGTQIRSKLKRTKQTATKTKTLQGPAEKK 
GgBTBD12     1 -------------------------------------------------------------------------------------------------------------- 
DrBTBD12     1 -------------------------------------------------------------------------------------------------------------- 
SpSLX4       1 -------------------------------------------------------------------------------------------------------------- 
Slx4         1 -------------------------------------------------------------------------------------------------------------- 
mus312       1 -------------------------------------------------------------------------------------------------------------- 
consensus    1                                                                                                                
 
 
MmBTBD12     1 -----------------------------------------------------------------MVPESAPNGNSQPLPSCFTTTGVPSPSKPRVSELVLQRMKQFKRA 
HsBTBD12   111 PPSGSQAPRTKKQRVTKWQASEPAHSVNGEGGVLASAPDPPVLRETAQNTQTGNQQEPSPNLSREKTRENVPNSDSQPPPSCLTTA-VPSPSKPRTAQLVLQRMQQFKRA 
GgBTBD12     1 ------------------MTSLRRHRRRGATCRRGGGGGGVGLWGDFGAGCDVIRPGGGERIQAGPRGCAERRLSSGTCSSPTSKIPPFTGSKVRVAELVVERMQQFKRV 
DrBTBD12     1 -------MDDSDQDFKDLCSRLLKRVRRKGPAESGDEKRSATKDEEPSSPSSGRNPPKRRKRTKDAVKTQLNGRSQTAVSAGAPQADSGVSATGKVKDAVIRRMQQFKRA 
SpSLX4       1 -------------------------------------------------------------------------------------------------------------- 
Slx4         1 -------------------------------------------------------------------------------------------------------------- 
mus312       1 -------------------------------------------------MDRKTRRANFKNLQPRLTRSTKAAADTLSLSNFFATPENAEEVPSCLADIPVQPDPPAPKI 
consensus  111                                                                            s                  rv elvl rm qfkr  
 
 
MmBTBD12    46 DPERLRHASEESPQKTALGDDVPRSPPEETVGENEYKLD--ATDSDAAMALALQQEFRREEASSHHDSLEEKGLFFCQMCQKNLSAMNVTRREQHVNRCLDEAEKAQR-- 
HsBTBD12   220 DPERLRHASEECSLEAAREENVPKDPQEEMMAGNVYGLGPPAPESDAAVALTLQQEFARVGASAHDDSLEEKGLFFCQICQKNLSAMNVTRREQHVNRCLDEAEKTLR-- 
GgBTBD12    93 APDQLKHSTDCSLPKSLASGDFAGESQEQNSPES-DLHDLPSMQHDGALALALQQETQKE----SLESLEDAGLFFCQICQKDLSAMNSTRREQHVNRCLDEMEEAQMSS 
DrBTBD12   104 SPERLLHAETDGNCDAPDGVQHTEDVS-----------------GDEALALRLQQELDREAR-AAAGDVEDGGLFFCQLCQKDLSSMSPSLRTQHINRCLDASESSAPST 
SpSLX4       1 -------------------------------------------------------------------------------------------------------------- 
Slx4         1 -------------------------------------------------------------------------------------------------------------- 
mus312      62 KPIRTSNVFEKPGPKPKKAPKLK--------------------ASTVSTSSGARRGRGKSKQQPSISNFLRNEQIFAEVTAQHCMADNFSADDIEMALALSKSESEKHG- 
consensus  221  perl h  e                                   d amal lqqe  r         lee glffcqmcqk lsamn t reqhvnrcld  e       
 
 
MmBTBD12   152 ----PASPRIPDCPICGKPFLTTKSRISHLKQCAVRMEVGPQLLLQAVRLQTAQPEVDGSPQVPSFSNNVGGLKRKGVTTKREPRRRKVNKPEAPSEDLLVAMALSRSEV 
HsBTBD12   328 ----PSVPQIPECPICGKPFLTLKSRTSHLKQCAVKMEVGPQLLLQAVRLQTAQPEGSSSPPMFSFSDHSRGLKRRGPTSKKEPRKRRK-VDEAPSEDLLVAMALSRSEM 
GgBTBD12   198 ----SSKPAVPECPICGKQFQTPQSRVSHLKRCAVEMDVPPKMLLQAVQMQVSTLG---EAPLQFPNNQPSRSKRKVSTKEDSKNKQKRAKMETKDEDLLVAMAMSRSLL 
DrBTBD12   196 SHHSQPRPRVPECPICGKSFKSEKSRSAHLKRCSSDMGVKPNDLLQALRRQAAETE---SDRNADQTQQVGGAVRRDGVPVKKKSRRKG---QKLDEDTMMALALSRSLL 
SpSLX4       1 -------------------------------------------------------------------------------------------------------------- 
Slx4         1 -------------------------------------------------------------------------------------------------------------- 
mus312     151 ----------------RLRLHDDDDAVVDLLDDEEKSTERIRHKLQKYGFRTAAKEDYKSLAVLPVVASKGG-------------------------------------- 
consensus  331        p ipdcpicgk f t  sr  hlk c   m v p  llqav  q a  e   s  v        g  rk         r k        ed lvamalsrs v 
 
 
MmBTBD12   258 EH--------------CPVVPPLRLENAFSEKIRLGA---EKKSRKKRPPVCPPQLVTQDSETTGRQIEDRVAQLLSEEAELSCTPPLLASKISKEELEPAGWRARLPEG 
HsBTBD12   433 EP--------------GAAVPALRLESAFSERIRPEA---ENKSRKKKPPVSPPLLLVQDSETTGRQIEDRVALLLSEEVELSSTPPLPASRILKEGWERAGQCPPPPER 
GgBTBD12   301 EQEKQEQ---------AKLVTNVKPVAALPIKWKPGS---EKR-RRKRGPTTPPPLLLQDPEKVRRRIEERVAMLLAQEMEFPPTPRLPTSRILEVEAGKAAWLLPLPKN 
DrBTBD12   300 EQEVEKKRELEEQREILAQISSPPAATAPVLKWKPGAGKGRGKRRKGASPVQPPLLLIQDPQIALNRLQERVSSLLLCSRPPSPPTPTLSP-------------SSLPLQ 
SpSLX4       1 -------------------------------------------------------------------------------------------------------------- 
Slx4         1 -------------------------------------------------------------------------------------------------------------- 
mus312     207 --------------------------------------------RRGKWANRFTSLTLRNPDVQQKKLEEKVSALLGQEMRGKEP------------------------- 
consensus  441 e                  v       a   k r        k rk r p  pp lvvqd e   r iedrv  ll  e                            p   
 
 
MmBTBD12   351 KRNFLWELSALTG--AWAEESFYTVGLFPPIVSQCPSK----EPQLPLELPKQGEPSPRRPPAS--------------QSSLPVSHSPKIRLLSSSQRERQALQDLVDLA 
HsBTBD12   526 KQSFLWEGSALTG--AWAMEDFYTARLVPPLVPQRPAQGLMQEPVPPLVPPEHSELSERRSPAL--------------HGTPTAGCGSRGPSPSASQREHQALQDLVDLA 
GgBTBD12   398 KDCFLWNFSALTG--PCDPESFYAAGLTPPIEPWKPVQNHKPEDVLPSAGSDQPKVSQQIQPDFGSHESTCREVRDQTCDEFKSGPEGDGQILSHSQEDIQNLQDLVELA 
DrBTBD12   397 PHAPLWDKSALHRGRQNSVSEFYTSELSSFIQPWVAPVKENDKPLEATPVKSTPGLLQDKPSDQ----------------SPTQNRTTRPLTPCSDTPGTQALQDLMELA 
SpSLX4       1 -------------------------------------------------------------------------------------------------------------- 
Slx4         1 -------------------------------------------------------------------------------------------------------------- 
mus312     248 --------------------------------------------------------------------------------------NGEDCCLTPYTVITAALKELRAEG 
consensus  551     lw  sal          fy   l   i                                                              s      qalqdlvdla 
 
 
MmBTBD12   441 VEGLSSSPQPGSRGVP-----TGLDLVPSSLPLTGFVLPCK-KTLKKDDSASLSLGLLVTDFGAMVNNPHLSDVQFQLDSGEVLYAHKFVLYARCPLLIQYVSTESFSSE 
HsBTBD12   620 REGLSASPWPGSGGLAGSEGTAGLDVVPGGLPLTGFVVPSQDKHPDRGGRTLLSLGLLVADFGAMVNNPHLSDVQFQTDSGEVLYAHKFVLYARCPLLIQYVNNEGFSAV 
GgBTBD12   506 KEGLTLTQWNLDVGHTHAAEQSGKELTSSDTPCTGFVPSLEERRFLTRSCKKSSLRSLAEDFSAMVNNPHLSDVQFQVDSGEVLYAHMFVLYARCPQAIQAVHSEGFLVE 
DrBTBD12   491 EEGMTLTQYG-YTAYTAAVGTSDKDNPLNELPSSGSAPEATDRKTDKT----VYISKLASDLSSMVNNPQLSDVQLQVDSGDVFFAHSFMLYTRCPLLANMVHDSGFGVQ 
SpSLX4       1 -------------------------------------------------------------------------------------------------------------- 
Slx4         1 ----------------------------------------------------MELQRAQRNLKFLQNEDYVNVTDQTNLNGESQNAYSLGMETQVPEMQFSLSSD----- 
mus312     272 ESRILR---------------EPSEGPIDDLESYYVTDLFEVSRTPAHHLLKNWAAIQGRDFSPERETQKCRQLRQQHELVYAELERYYGDPQKLEEEVMQELDELEKLV 
consensus  661  egls s      g          d     lp tg       kh        l l  l  df  mvnnphlsdvq q dsgev yah fvly rcp liq v  e f    
 
 
MmBTBD12   545 EDG-DLTQRALLSDVSSEAAHAFLNYLYMADTDMPPSLVPDLRSLALRFGVSDLVQLCE------QVPAVVDLEGEQPEE-TSEDCESRAET-FLELLRSVWVDNEEEVE 
HsBTBD12   730 EDG-VLTQRVLLGDVSTEAARTFLHYLYTADTGLPPGLSSELSSLAHRFGVSELVHLCE------QVPIATDSEGKPWEEKEAENCESRAEN-FQELLRSMWADEEEEAE 
GgBTBD12   616 EDGNAQIRRVLLSDVTGEAARAFLRYLYAADADIPAEVVPQVGALAARFGVRELMAKCENNTGESQVSSGVDSESDLISVTDDKDCEDRAEN-FQDLLKSVWVGEDEEEA 
DrBTBD12   596 EEGLPVARRVLFGDVLGEAVLAFLQYLYTAHCPLTHTLIPHVQELADRFGLAELQQQCEEYSGSTDENASKDMFQAPKPHFRDQEEHKFAESNFLELLQSMWQHENSEEE 
SpSLX4       1 -------------------------------------------------------------------------------------------------------------- 
Slx4        54 ----------------DDSIGTQVKSVTAQKSPMTQETTKNDTERNK---------------------DVDKSCNPVSTSHPDLGGSNIEENIFINTQIQSRLDDAEEET 
mus312     367 ADNMIEDDSVVINIVEAESSSTGSSPSKEPPDKRPKMTMEDKENLQPTTSKASLTVPAQSTRCTSPDLFADSEDEPDIVTTAISNEPEDVRNLSMKVYKNVSISERSSSV 
consensus  771 edg     rvll dv  ea   fl yly a   mp  lv  l  la rfgv dl   ce            d e               aen flellrsvwv e ee   
 
 
MmBTBD12   646 TLLKPELCEE------------ERERVNEAEMEEIYEFAATQRKLLQWGRAADPDGSTNPHGEDGAVSEPSLAGVQSNRQLENTEHMES-SGLEKEEALASWEQEGHS-- 
HsBTBD12   832 TLLKSKDHEE------------DQENVNEAEMEEIYEFAATQRKLLQEERAAGAGEDADWLEGGSPVSGQLLAGVQVQKQWDKVEEMEP-LEPGRDEAATTWEKMGQCAL 
GgBTBD12   725 AVLNQECQKE------------EDNAVGEQELEEIYEFAATQRRMVQGKTTLSEGTDCSMCSDTEAAQDMNQQTEEEEVKRSVSSSVSSNFEDLRDNNDVEISRCDLSAE 
DrBTBD12   706 DEFNETSGEERVMEEVQERDGEKEERVDEEELDEIYEFAATQRKTETMLETATETEDDEGDANTFPENEMMKDEAVEKGESESLQEKSAGSCHSNSRG-VDGTESAMVTS 
SpSLX4       1 -------------------------------------------------------------------------------------------------------------- 
Slx4       127 N---------------------------------------LKLKLEKFKYSFKSSNADDTHSNANVTAKRRPAIRKANSKLKTKPKTKRDPKIIKNITDFNINNYERSRT 
mus312     477 AEIEIVSSND-------------------------------EPSQITTYEVFSSDEDDFIDLTQEFDMVEFNESKPRTPNLIASSETDSNVDNLNGDTILDFSSQEVSCP 
consensus  881   l      e                v e emeeiyefaatqrkll          d                                     k            s   
 
 
MmBTBD12   741 -TPLQDQCPDWAGKAEAQDALGEATDDPSFCSRHR----RGKECLPLHPNKAHGCKQPLPSNPRVSSELSQITVDHEEQSDHVRETQADMA------QAPTPHSCSLVSQ 
HsBTBD12   929 PPPQGQHSGARGAEAPEQEAPEEALGHSSCSSPSRDCQAERKEGSLPHSDDAGDYEQLFSSTQGEISEPSQITSEPEEQSGAVRERGLEVSHRLAPWQASPPHPCRFLLG 
GgBTBD12   823 KEGMQNINRCRSVNATQITSVPNHREPQKRDVASRGATTDEGETIKRCEGGKDSRSSQVSHDVKGEDHCEKEVLSFTTDTNINGSYEHLFSATQGDYCEPSPTKEVSKVS 
DrBTBD12   815 PTETPNLETARVCLMPDLDAGTHENKDPDASLDKSYDRLFSQSIGEYREPSQAPASCSQKQHYKASHTLQRNTPAPFRPSCVSEVIDLSVSPPLSSGMSGETSFPMPGVS 
SpSLX4       1 -------------------------------------------------------------------------------------------------------------- 
Slx4       198 ASLLKQLSGKHKKVLDIIKTQNEGNSD-------------KPPRARNNKGEKATFDTYSEQEWKDIMKLLLQKFPQSEETDLNEVQKFLYG------------------- 
mus312     556 ISKELYAKYAKVETFPVWNAAAE-------------------------EEDKIEFSLSMERDLKSSEQSSHQLGILTTPNDTEHSS------------------------ 
consensus  991  t   q    r        a  e                                        k               s                               
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Figure S2 Continued 

 
MmBTBD12   840 SSVDGSPSQSWLHLYHTSHLSPSVSQSHSSISRVASPRSLSPTTPTK------QRRGSNIVTLRKDAGHHRGQQSSPIAGHRNRGILISPAKSP---PIDLTQSVPEPLS 
HsBTBD12  1039 PPQGGSPRGS----HHTSGSSLSTPRSRGGTSQVGSPTLLSPAVPSK------QKRDRSILTLSKEPGHQKGKERRSVLECRNKGVLMFPEKSP---SIDLTQSNPDHSS 
GgBTBD12   933 EKALGEKHADVNEFHLYSEIQKDFSPRKNGSYGSPSSKAFVPLFPAVGSSPLSPKSDRKLEREHVSTPKQKKKSLPPVEIHFQKASELDAASPPGLPNTDLNKHVPVLSA 
DrBTBD12   925 PVPYKDEDTCLRKDILSCPGIENPPSPPKSHSKQVELIVLSDDSNEGMDVDGKHNTSTTKCALTPKSPIKSLPEPPHIVKSCALQVKPTETGPQGHAGKHVNTSKQVTID 
SpSLX4       1 -------------------------------------------------------------------------------------------------------------- 
Slx4       276 -------------------------------------------------------------------------------------------------------------- 
mus312     617 -------------------------------------------------------------------------------------------------------------- 
consensus 1101                                                                              i                      l          
 
 
MmBTBD12   941 --PRAQDPLHFVKKEDEVILLLDSDE--ELEHTKTESVSKDSPEGRKVPEFS----------PRSSELFSVIDVEEDHEHFQSPLKREAGLQ-----HGEEGQLG-NQSA 
HsBTBD12  1136 --SRSQKSSSKLNEEDEVILLLDSDEELELEQTKMKSISSDPLEEKKALEIS----------PRSCELFSIIDVDADQEPSQSPPRSEAVLQ-----QEDEGALPENRGS 
GgBTBD12  1043 PVIRTQDPAAQGSKKGDVIVLSSDDE-MELEDKKSPESGSVLKDVEIPGQLKGINIGHGPEIPKPEHNTSVTKTEQRSLQVSNVVTDKVHVSNDVKMSTELPLSSHVDAC 
DrBTBD12  1035 TETMSDSSERCSPGVANESVFDGSAEVSWLIPATPVPSTRCSSAQTCVTMRRTQLFPKPCSASSSSSSSSVLDSLKPATFASSSSKCSKEKQAPLSELQSGQSSSKEHTS 
SpSLX4       1 -----MSAEEYIEVSSSPDIFTDDDDMITIEPELNKNPKDCNSKRKRS--------------VTECCEIRLITSKCDFESTQQLVHHN---------------------- 
Slx4       276 --SEKSSNSLDNQESSQQRLWTASQLPPELPDEAIQPEQEERIR-------------------DTQSAVNFLSLSQVMDDKSEIMKDEE--------------------- 
mus312     617 --SFSELNFSRNSLRRSVSLSTDLSFKSPLNWKMNSSAEKRVSPAASPYK-------------QSDASVDLTQNSDDENDAILLSDEEINYS------------------ 
consensus 1211   s s            v l sdsde  ele                                 s    svi    d e    vlk e                       
 
 
MmBTBD12  1031 LGCRDIP-------WLLCSQKTSLDEDSATDTSWLVPATPGVSRSR---DCSSQTQIKSLKTR-IPSDETAQQTPRPNLERRTMLETAQQFSVIMPHTQP---------- 
HsBTBD12  1229 LGRRGAP-------WLFCDRESSPSEASTTDTSWLVPATPLASRSR---DCSSQTQISSLRSG-LAVQAVTQHTPRASVGNREGNEVAQKFSVIRPQTPPPQTPSSCLTP 
GgBTBD12  1152 TEGEQSP-------NLSPEKTLCHEVSSGTDSSWLVPDTPVLTKSR---SSSTQTHVTSINSSKSPESKVSTKNLAADISNHEMDRNVIGVHKAALSDEHLPVEN----C 
DrBTBD12  1145 TEMDHSPGFQRPLQHLRLSQVASDVSRASTIMGHLAQGVPQPSSSTPVHSVGSLQRKILFDSPVDREYEVPLRDSRGLSSSFNCQKKVESLQLNSPSPSKTPEKSQHGCF 
SpSLX4      70 ---------------CTGHKVHEHNLNAVDEEDFDTENLPLLFSSFS--DNESDILEPDLNTRVAEDNDVLLSRYSKIKNSASCRNTFEHSAYHS--------------- 
Slx4       344 ----------------SIIISRGDSTSSQEYGNGLEPQQPVGNVVGEDIELAVGTRINAFSLTDYKACKPMSVEVSRRCEN-STDNDYDNISIVS--------------- 
mus312     694 ---------------IWKGNKTVKDLDIGDDSSDSCFASPVTKKRAIP-QFQTEEDLDAFLMDFSTDGNGSQGSHSPNKSALSKERAEFGILDAAP-------------- 
consensus 1321       p        l           s tdtswl patPl srs    d  s t i  l t    e  v            t       v v  p               
 
 
MmBTBD12  1120 ITLGAFDSGRQAYRSPSHPYPRHHRLSSSQPSCPGP----DFTRWSQKSSAPRP-CLPNLPAADDVVEVGDSDDE--VASHQGNSSPVLDGDPPGPMGDYCWN-EPLSPI 
HsBTBD12  1328 VSPGTSDGRRQGHRSPSRPHPGGHPHSSPLAPHPISGDRAHFSRRFLKHSPPGP-SFLNQTPAGEVVEVGDSDDEQEVASHQANRSPPLDSDPPIPIDDCCWHMEPLSPI 
GgBTBD12  1248 VSERSPSSSPGAGSVPEKPTPLSSVDPVLSLAHSNSKSKSANTSFLSKLVPPCHGKSIEDKSNVSVVEIQDSEGEKETSIASLSSSVLLADEPAIPADD-CWHAKCLSPV 
DrBTBD12  1255 KPSHQESSPERSRESGNNGIEQMKVGEESLNQSVEEVVDISRKSLSDMDDPWRRAREDNPKQSVEEVVHIADNSLCNIEEKVEEENPNQSVEEVVKMVGSSFCQMDEPPI 
SpSLX4     148 -------NREEISSSGFYYHRKPQLFEKSLEKLGNKSIEANRSPLIKELCESAN-----------------------------------------STENVCFSVSTVDEI 
Slx4       422 -------DTTDETSTLFPLDQYRYVFIENDERPPLATDTIGSTQFFTPNTSPLD------------------------------------GIIDLTQESFKAVRSLISPL 
mus312     774 -------SQPFSLSELQSHADKEKSSDNEINWAEASFLDAPAKPLSRRSSHKFN---------------------------------ELLAKISKPAHNSGDDFDEFDQM 
consensus 1431        s     ss        hv    l            t    k s p              v                     l  d  ip d  cw    lspi 
 
 
MmBTBD12  1222 PIDHLNLERTGPLTT---SSPSSQVLEALHSDDCHSPG-LGTTPIR----GSCGTLRESQERSSLAGSP---------EALWDDWNEEEGQSPEAPPVAQMLSTR-TRKP 
HsBTBD12  1437 PIDHWNLERTGPLST---SSPSRRMNEAADSRDCRSPGLLDTTPIR----GSCTTQRKLQEKSSGAGSLGNSRPSFLNSALWDVWDGEEQRPPETPPPAQMPSAGGAQKP 
GgBTBD12  1357 RGNSQDSRQDGHANTRAASSPKTDFVHDQWDSPDQAWEIKGSTPVQGTPVGRRTSLLRLEKSPIEACTSVGSRPSYLNSRLWDNWDGEEEEDEFPEVLPLSQRVSAAARE 
DrBTBD12  1365 AFDDSWGLDGGIGSQ----KPHFSLRLDSSEGTLSSPGLESKGQMTS--LQIKSPVASRAHNKTPDASPPSFNPSLPDPDMWDDWEEEGEE--VPLPLSQRLAAPSDKQV 
SpSLX4     210 QQRHPSAGHSIDSTCQ-----SNSFLEGDSAT---------------------------------------------------------------------HKKKKTDNI 
Slx4       489 KVENNKTGVTSQASN------QVQVPATRTPTIIPQKN------------------------------------------------------------LTTTLKTEEEKN 
mus312     844 VFQSTKEAASSAGETSDMPQGLDLLLKGEIKTT------------------------------------------------------------------AIPETRAPGNQ 
consensus 1541   d      tg att     p   vl a   s            i                      s            lwd w  e                    k  
 

MmBTBD12  1314 DRPETPKGANQKKNLPPKVPITPMPRYSIMETPVLKKELDRFGVRALPKRQMVLKLKEIFQYTHQTLESDSEDEVQSPQIPAELP----CRQASTTETCNPS-------- 
HsBTBD12  1540 EGLETPKGANRKKNLPPKVPITPMPQYSIMETPVLKKELDRFGVRPLPKRQMVLKLKEIFQYTHQTLDSDSEDESQSSQPLLQAP----HCQTLASQTYKPSRA------ 
GgBTBD12  1467 DPVKTPEPACQENNNSPRTPVTPMPAYSMMETPQLKDELKRFGVRALPKRQMVLKLKEIFQYTHRDVDSDFEDEVPSSQPPQKESPPKRCRQSKAAQTTGGKRPRASKAA 
DrBTBD12  1467 AELKTPVAP-RKRNNGPLVPITPMPGFSDMETPELKNRLNRFGVRPLPKKQMVLKLKEIHQYTHQLQSSESEDETSGPRRPPIAS------------------------- 
SpSLX4     246 KEFTSCEFNDRSRTLLNYAGYMDTNKNADNEAKSLKEKLENFPVEKLR------AIAESYGFKSSDSKATLIKIVES--------------------------------- 
Slx4       533 NIGSSIRVKLLQESVVKLNPKLVKHNFYRVEANDSEEEETEFDDQFCIADIQLVDSSKISTKDSTQNPTTSNDIIDTSAASSIAS------------------------- 
mus312     888 TPIEPQQVDVDGNVYSVRVCHTPKPDFATLPESEILQQLYKYGIKPLKRKQAVKMLEFIYNQTHPIMKTAAVQDLPARSEPIVRS------------------------- 
consensus 1651   l tp      knl pkvpitpmp ys metp lk el rfgvr lpkrqmvlklkeifqyth  l sdsedev s   p   s                          
 
 
MmBTBD12  1412 -----------------------------------------------------RLPTGE-PSHPDGDAQLPASQESMATSVDGSDNSFSSKSSS-AEFGAAFEYSDEDKD 
HsBTBD12  1640 -------------GVHAQQEATTGPGAHRPKGPAKTKGPRHQRKHHESITPPSRSPTKEAPPGLNDDAQIPASQESVATSVDGSDSSLSSQSSSSCEFGAAFESAGEEEG 
GgBTBD12  1577 SKRKQVATGSSVLPVGRSEDDLVGPSEKGCAAPKQRNEMEHHPEGGKEQKRSAVSPEGWSLGADGEEPMLSASQESAATSGDGSDISFGSQSSFVKELETGAFASEEEEE 
DrBTBD12  1551 ---------------------------------------------------SSKSLSFKQPTAPPAVSPVKLPPREEEETLSASQNSNTSSTAESERSNPELCLSEDEDS 
SpSLX4     317 -----------------------------------------------------------------CLDAIDSRSQSKKLGKETPHDYLITSTKTVLEFDDIVTQTHR--- 
Slx4       618 ------------------------------------------------------------PEKFCEIMMSQSMKELRQSLKTVGLKPMRTKVEIIQSLQTASQILSTANP 
mus312     973 ------------------------------------------------------KSTPVIMERPHSQVAKSTSKTLKAIGTKKDLTFNDATGEELLRFSQSLAPSLCDDF 
consensus 1761                                                         t   p        l  s es ats dgs  s  s s  v ef  a   s ede  
 
 
MmBTBD12  1467 EEVGVTASQAAIQ---AADTEEAVRRYIRSKPALHRQVLRYQPVELAELQAELKQNGIPVAMGKLSDILDAQCITFTTAAARKEKLKHKRR------QPSGRKKKDQK----- 
HsBTBD12  1737 EGE-VSASQAAVQ---AADTDEALRCYIRSKPALYQKVLLYQPFELRELQAELRQNGLRVSSRRLLDFLDTHCITFTTAATRREKLQGRRR------QPRGKKKVERN----- 
GgBTBD12  1687 ELP---ASQAAAR---EEEKLEAVRCYIRSNPALYDRILFYEPIELADLHAELKLNGIKISKAKLLDFLDAQCITFTTAGARKEKEQKRKG------SRKKRKRY-------- 
DrBTBD12  1610 DTEGITASQAVVR---EKDKLLAVRQFILSDPELYSRVLQYQPLPLAELRASLRAAGIRLAAAKLLDFLDSQCITFSTAKQGKSTTSRRKRRVKTTTAGRGRKKTTRPNGGVA 
SpSLX4     359 -----AISQVVKQ---AKD------------NSVWIKILTYSAIDVEEFQLWLKRKNLNVS----LDLIKSWCDKYGVLMKGSWH---------------------------- 
Slx4       668 DNKGEHGGVANFS---KIEIFDHLTELIEAFPDFLERIYTFEPIPLNELIEKLFSAEPFVSQIDEMTIREWADVQGICLRNDKK----------------------------- 
mus312    1029 ETFVMQTNVTKKTPQPLVPLHIAWHNLICANPQLHESVLTYEPIDLQAVYLHLKHMGHRYDPKDLKTFFDRRCIIFRYELGAPGKQAERHVRRHTKKPSKRK----------- 
consensus 1871 e   v asqa        d  eavr yi s p ly kvl y piel el a Lk  girvs  klldfld  citftta   k k   rr         r rkk       
 
 
MmBTBD12       --- 
HsBTBD12       --- 
GgBTBD12       --- 
DrBTBD12  1717 GVA 
SpSLX4         --- 
Slx4           --- 
mus312         --- 
consensus 1981     
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Figure S3. Multi-sequence alignments of eukaryotic SLX1-related proteins. Sequences were analyzed 
using CLUSTALW and displayed using BOXSHADE. Amino acid indicated with the asterisk (E82) is 
mutated to alanine in a inactive form of SLX1 used in this study. 
 
humanSLX1    1 -------------------------------------------------------------------------------- 
mouseSLX1    1 -------------------------------------------------------------------------------- 
frogSLX1     1 -------------------------------------------------------------------------------- 
fishSLX1     1 -------------------------------------------------------------------------------- 
flySLX1      1 -------------------------------------------------------------------------------- 
wormSLX1     1 METFILSSDSDDDSGPPPSKRRTIEGIPRSFSGDKKIRFSFGASNMSQDTTQEIIPEDTDTVPLTIPSTPALSGKFDSKT 
pombeSLX1    1 -------------------------------------------------------------------------------- 
Slx1p        1 -------------------------------------------------------------------------------- 
consensus    1                                                                                  
 
humanSLX1    1 -------------------------------------------------------------------------------M 
mouseSLX1    1 -------------------------------------------------------------------------------- 
frogSLX1     1 -------------------------------------------------------------------------------- 
fishSLX1     1 -------------------------------------------------------------------------------- 
flySLX1      1 ----------------------------------------------------------LETNCINPYVGEFTDPQDTASE 
wormSLX1    81 PKSVRRRSVSMSCFTPIVETINQPPTNQACSSFLQKEYNFHDLSSDEEGGDGGAGCSKDEDKIIEDNLNLRALLSPEKKK 
pombeSLX1    1 -------------------------------------------------------------------------------- 
Slx1p        1 -------------------------------------------------------------------------------M 
consensus   81                                                                                  
                                                            
humanSLX1    2 GPAGVAARPGRFFGVYLLYCL--NPRYRGRVYVGFTVNTARRVQQHNGGRKKGGAWRTSGRG--PWEMVLVVHGFPSSVA 
mouseSLX1    1 --MDHAARPGRFFGVYLLYCQ--NPRHRGRVYVGFTVNPARRVRQHNAGRKKGGAWRTSGRG--PWDMVLIIHGFPSAVA 
frogSLX1     1 ----MVVEVEGFYGVYLLFCT--NPKYKGRIYIGFTVNPERRIQQHNGGKHKGGAWKTSGRG--PWDMVLIVHGFPNDIA 
fishSLX1     1 ----MVVEVESFYGVYMLYCT--NPKFKGRIYIGFTVNPERRIGQHNAGRHRGGAKRTSGRG--PWEMVLIIHGFPSDIA 
flySLX1     23 QQEETVALKGHFYGVYLLCSQSLDPRFRGKCYVGFTVNPKRRIRQHNLGCDFGGARKTSRRG--PWLMVMIVHGFPNNTV 
wormSLX1   161 RKEKIEEVQNEFYGVYCLISRSDRPCYKNRCYIGYTVDPNRRIMQHNGGRDKGGAKKTDSRG--PWDMVCVVHGFPNHVA 
pombeSLX1    1 ------MDLCNFYCCYLLKSN--RTQSSGAVYIGSTPDPPRRLRQHN-GEIVGGASKTKHGR--PWSISCLVYGFPNKVS 
Slx1p        2 SQKIQQHQFPDFYCCYLLQSIN----KRQSFYVGSTPNPVRRLRQHNGKLAVGGAYRTKRDGSRPWEMIMIVRGFPSKIA 
consensus  161     v      FygvYlLy    npryrgrvYvGfTvnp RRirQHNggrkkGGAwrTsgrg  PWemvlivhGFP  va 
                   * 
humanSLX1   78 ALRFEWAWQHPHASRRLAH---VGPRLRGETAFAFHLRVLAHMLRAPPWARLPLTLRWVRPDLRQDLCL------PPPPH 
mouseSLX1   75 ALRFEWAWQHPQASRRLTH---VGPRLRSEAAFAFHLRVLAHMLRVPPWVRLPLTLRWLRPDFRHELCP------APPAH 
frogSLX1    73 ALRFEWAWQHPHVSRRLTH---VPRKTKKQSSFDFHLLVLCHMLRVAPWNRLPLTLRWLRQEYRRELPLL----LQPPLH 
fishSLX1    73 ALRFEWAWQHPHISRRLSH---VSRRSRKESGLQFHWRVVSNMLRVAPWSRLPITVRWLKQEYRMDFAPD----LQPPLH 
flySLX1    101 ALQFEWAWQQPSLSTRLKMYPELKRKLPRETFFDYNFRILSHMLGVGPWNRLPLSVRWLETDYERPFNM------PLPNH 
wormSLX1   239 ALHFEWAWQNPLVSKSLKE--KQLRKERKETPFAFQLRIACELMNSSAFCRFALTFRWLITTEELPFPTS----CVPPDH 
pombeSLX1   70 ALKFEWNWQNLGISRYTKD---CDFRSKKQKTIMYCLKGLKHLVDSDTWRRWPLNITFLNKTAFSKWNQL----GKTYGN 
Slx1p       78 ALQFEHAWQHGYQTHYIAEKDRVVKHKAGGRTLHHKVALMKLLLKHEFFQRMNLIVEVFNIKAWEVWKQDKFFIERDRFP 
consensus  241 ALrFEwaWQhp vsrrl h   v rr rket f fhlrvl hmlrv pw Rlpltlrwlr dfr df         pp h 
 
humanSLX1  149 VPLAFGPPPPQAPAPR-----------------------RRAGPFDDAEPEPDQGDPGACCSLCAQTIQDEEGP------ 
mouseSLX1  146 MPIAFGPPPPQPLVPK-----------------------RPAVSEADSERQLDLG-TKARCSLCARLLQDEEGP------ 
frogSLX1   146 MPLAFGQVRARPIPKGEKEKGRLG---------------ENRAEETEQEVILLGDAVVQRCRVCYERVQDKDDS------ 
fishSLX1   146 IPLTFGCVRAKRKP-------------------------QHVSKEQE-------ERQVELCVLCGEFIKTVDR------- 
flySLX1    175 MDIVSGKVSISASQ-------------------------RKRTDDAEVPPP---VAWASECHLCMQQIEQPERSR----- 
wormSLX1   313 TKLRFGKVKKEMSLVP-----------------------SKREDYLEMG----------ECRICGKDIEKLWSL------ 
pombeSLX1  143 INVYFDEEWLNGFHEK-----------------------VIQKTYDHKLCLRKTISEPVKCNLCYECIESDELR------ 
Slx1p      158 INIQINENALEEPKEKTVDVLMDHSDENLKVVEAVYTKVIENERNIFETFEKKLTTGVVRCEICEKEIDYTSEEQNLKPF 
consensus  321 vpl fg v       r                        r   e e            rC lCa  ie  e         
 

humanSLX1  200 -LCCPHPGCLLRAHVICLAEEFLQEE-----PGQLLPLEGQCPCCEKSLLWGDLIWLCQ----MDTEKEVEDSELEEAHW 
mouseSLX1  196 -LCCPHPGCPLRAHIICLAEEFLQEE-----PGQLLPLEGHCPSCKKSLLWGNLVGQCH----ADTEEE-EDLELEEEHW 
frogSLX1   205 -LHCFHPGCTLTAHIMCLAKLFLLNE-----PQNLIPVEGLCPSCGHSLLWGDLIRHRNG---CYGDLEEIS--SSQAHW 
fishSLX1   187 -LSCFHPSCQMVCHLICLAGHFLKAD-----PFHLIPVEGKCPGCHHSVLWGSLILYKN------ADLEEMNIPSSQNHW 
flySLX1    222 -LGCTNQMCRLTCHMMCLANYLLGDE-----PGHYIPVGGQCPLCENRLSWAALLQRKRLLLGVPKELRDYDEDLIEDID 
wormSLX1   354 -VRCISATCPSHFHSKCLSENGLKLKN--EHVDHVYPLKANCPTCGQFYLWGDIIREQRRIIKISTKCAEEFQNMVVRKE 
pombeSLX1  194 -ANCPFTDCNSINHLTCLASSFLTEE------CQVLPIEGMCTKCKRVLRWREFLSTVFT-----TSLETDERDFESENR 
Slx1p      238 VALCNNKDCGCVNHLKCLHRYFLDDEQLMVGRRNLIPRGGKCPKCDMFCDWTTLVKFSTR--------------MKLAHG 
consensus  401  l C hp C l  HviCLa  fL ee     p qliPleg Cp C ksllWgdli          teleeed el   hw 
 
humanSLX1  270 TDLLET------- 
mouseSLX1  265 TDLLET------- 
frogSLX1   274 GDELHRCSD---- 
fishSLX1   255 TDELQL------- 
flySLX1    296 VDSNIEDTP---- 
wormSLX1   431 LPHREISPISSKK 
pombeSLX1  262 IEIIDLELEK--- 
Slx1p      304 K------------ 
consensus  481  d le         
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Figure S4. Multi-sequence alignments of eukaryotic C20orf94-related proteins. Sequences were analyzed 
using CLUSTALW and displayed using BOXSHADE. 
 
ratC20orf94      1 MASKKFVIKCGNFAVLVDLHVLPQGSNKDSSWFSEQKKEEVCLLLKETIDSRVKEYVGIYKQH-RPSTA-EFSRSSPLSLKGYGFQITAY 
mouseC20orf94    1 MASKKFAVKCGNFAVLVDLHVLPQGSNRDSSWFSEQKKEEVCLLLKETIDSRVKEYVGIYKQR-KPSSA-EFTRSSPLSLKGYGFQITAY 
humanC20orf94    1 MASKKFAVKCGNFAVLVDLHILPQGSNKDTSWFSEQKKEEVCLLLKETIDSRVQEYLEVRKQH-RPSNA-EFTRSNPLSLKGYGFQITAY 
chickenC20orf94  1 MASDKFVIKCGNFAVLVDVHILPEGSNKDTSWFSDQEKEEVCTCLEEVVVSRIKHYLEAPKQRGQWKSM-EHASSSPLFVTANNFHITAY 
frogC20orf94     1 --MNKLVVKCGNFAVLVDLQVLPQGTSKDTSWFSDHEKEEVCTLVRDTLDSRVKEYLDSRRQPGQLKRK-EYTQASPLILKGNRLRIAAY 
fishC20orf94     1 MEPSKFVVKCGNYAVLVDLHILALGDQDNANWFSPAHRKEVGSLIRDALEPRVRQFQEARYQKIQSKPRKDLTPTAPLCLEGGNVRLAVH 
consensus        1 maskKfvvKCGNfAVLVDlhvLpqGsnkdtsWFSeqkkeEVclllketidsRvkeyleirkQh qp ta eftrssPLslkgygfqitay 
 
 
ratC20orf94     89 FIRRGIHLRCIQSSRNTELRIFPESFVVCVSQLAFGHDTWANQNEKSTQR-ALHGASDYFAQCAES---SPPPGIKLKRNTLKEIVRRAE 
mouse C20orf94  89 FLKRGIHLHCIQNSQNTELRVFPERFVVCVSQLAFGHDIWANQNEKSTKK-ALHGVSDYFPECAES---SPSPGTKLKRNALKEIVRRTK 
humanC20orf94   89 FLKRGIRLRCIRSTQNAELCVFPDRFVVCVSQLAFSRDLLASQNEDLTER-VLHGVSDYFAECAES---SLPPSAKLRRNALKEIVKRTE 
chickenC20orf94 90 FMKRWVNLRCALGKHYRELRMFPDKFVVCISKLEFNPSAWTCEN-GALKE-VSNGTSEYFAESAENRKLKLSLNEQIKQDILKEMTKKGK 
frogC20orf94    88 FIKRWVKLRCVVKRQYRELHVFPDRFVVCASQLEPASSVWVTEAAATLKESCSSGTSEYFAQPKGIE--MTNLLTTPAQAVLKNIVRKTK 
fishC20orf94    91 FMKRHVNLRCIVRQHYRELRVFPERVVVCASPPENSALPNGNLNLDVSEQ----SQSKYFSNSGETAN-PLQSSTATKRAVLQKIARKTK 
consensus       91 FikRgihLrCil sq rELrvFPerfVVCvSql fghdiwanqne stkr  lhg SdYFaecaes   sl p tklkrniLkeivrrtk 
 
 
ratC20orf94    175 SKGTDVSKPQTSRD------LVGKSSDSVITVVPRRRD------------------------ASAILLSE----PVGQAQDDIRAAKSHQ 
mouseC20orf94  175 SKGTDVSKPQPSGD------LVGRSSDSVITVVPWRRD------------------------ASAILLSE----SVGQAQDDIRAAKSHQ 
humanC20orf94  175 TKSSVTSKSQTRRD------TVETSSDSVIAEIARRRNDG---------------------QASSSPPSE----SMGQAKDSIKAAESHW 
chickenC20orf94178 NS---VSKPQTSKD------SKKVDLGSLGSQTGNRKNDC---------------------QTSPGPQSEVKWRSTGRLKNCINTAESNL 
frogC20orf94   176 IT-KDISDEAERDS------RMSPSLGLADTGKADANNIQ---------------------KALSKAQPE---EKRAEEPNDYINTENSL 
fishC20orf94   176 IQPPRSQDNQESKTGQFQADNAEKGSRSVLQRITRQANIQPQQCQDDQVYKSGQFQADKQEKGSGDVLQKITRQANIQPQQCQDDQESKS 
consensus      181 sk tdvskpqtsrd       v kssdsvit varrrn                        asa llse    svgqaqddiraaesh  
 
 
ratC20orf94    231 ELPVQKLEN------------VSQTQPGDTRSQQQLHPGEWLKTGLLSRSPVYNYESASPGPKQSPRAAKTQQKRR-------------- 
mouseC20orf94  231 ELPVQKLEN------------VSQTQPGDTRSQQQLHPGEWLKTGLLSRSPAYNYESASPGPKQSLRAAKTQQKHR-------------- 
humanC20orf94  234 GLPVQKLEK------------VNQTQPEDTSGQQKPHPGERLKTGLLSRSPVCSCESASPCPKQSPRVAKTQQKRR-------------- 
chickenC20orf94238 EFPVLELENN-----------VNQRQPEDASSQQKPHFVEQLKSRLLSKNSPCSYESALLGPKQNQKTTETQAQQK-------------- 
frogC20orf94   235 GLPVPEVEND-----------VNHRQPSEASSQQKPQ-CAELKTQDLSKHLSRLSDSAK--QTQSLRASVMQQKRR-------------- 
fishC20orf94   266 GQVQADKEENGSGDVLHKIAKQTNTQPPQSQDDQEFKSGQFPAGESEKGSRSVLQEIARQANIQSPHSQEDQEFKSGQFQVAEECVEACL 
consensus      271  lpvqklEn            vnqtQP dtssqQkphpgewlktgllsrsp   yesAspgpkQspraaktQqkrr               
 
 
ratC20orf94    295 -------NCGSVEDSDHRRRVSLGNEGLVPEDSVVETSTAVRVLPALELSNPG---LLLKQDLAKATAKEELHALENLSSRHLVT----D 
mouseC20orf94  295 -------NCGSVEDCDHRRRVSLGNEGLVPEDADRERSTAVRVLPALELSDPG---LLLKQDLAKAKAKEELHALENLSSRHLVT----N 
humanC20orf94  298 -------NCSSAEDFDHHGRVSLGSDRLVPREIIVEKSKAVRVLPASELSDPG---LLLKQDLAKTTSKEELHVLESLSSRHLMK----N 
chickenC20orf94303 -------SCSSEEKLDLFKEISSEEAPLIPSNTERSKCSDDHLGLFLEEKTPLNSRLFSKQDLTEIASDEELITFGKNLSRPLPMRTNQN 
frogC20orf94   297 -------RHSS-EGKERCKKSCLTSDTFIQQGMQRNE------AQVKDLEHVP---LASQTDPVRHVSADRGDTLPSKPAAIISV----- 
fishC20orf94   356 PVPISVSSIKSLVDVKALSSSKLSNNKDVTESYLDTTGPRRRPRAPSSSGEDADHQKTKRLRLGQSAVSSDSNNPSSGIAAPDSVCSPQP 
consensus      361        ncsSved dhrrrvslgne lvped vrerstavrvlpalelsdpg   lllkqdlak  skeelh leslssrhlvm    n 
 
 
ratC20orf94    371 NPGQARPTGSATVTERLAPVQSGPS-------KKRKKLQSSSRGCSGKKS---- 
mouseC20orf94  371 NPGQAQQSDSAAITEQLATDQGGPS-------KKRKKLQSYNRGCSGKKN---- 
humanC20orf94  374 NPGQAQQTGLATNTERLSTIQNSPT-------KKRKK---YERGH--------- 
chickenC20orf94386 EPGTATEELPVVPSSSYLEMQAVSSEQL---IQKRKKEGEDGLRKLKLRRLKKP 
frogC20orf94   365 --ASKQQQGALSLFSNIHTEQSVKAVLA---PLLNKDLP--------------- 
fishC20orf94   446 EISQTNQSGLATSLRGLSVKPVSSGSSISSRPAAREERKGGEPRTSRLRRLKKS 
consensus      451 npgqaqqtg atvte l tvq  ps       kkrkkl    rg s  k      
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Figure S5. Phylogenetic trees for eukaryotic SLX4, SLX1, and C20orf94. CLUSTALW tree files were used 
to generate trees in TREEVIEW. A, SLX4; B, SLX1; C, C20orf94. 
 
A. SLX4 

 

 

 

 

 

 

 

 

B. SLX1 

 

 

 

 

 

 

 

 

C. C20orf94 

 

 

 

 

 

 

Figure S6. Interaction of PLK1 with SLX4. (A) 
Consensus polo-box binding site defined by 
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SCANSITE (mit.scansite.edu) and the sequence of a candidate polo-box binding site in human SLX4 
wherein S1453 is a candidate phosphoserine. (B) PLK1 interacts with SLX4 in the two-hybrid system but 
not with SLX4 in which S1453 is replaced by alanine. As a control, SLX4S1453A was shown to maintain the 
interaction with SLX1. (C) Mutation of S1453 to alanine in SLX4 reduces the interaction with PLK1 in 
293T cells. Cells expressing either Myc-SLX4 or Myc-SLX4ΔN (residues 684-1835) with or without the 
S1453A mutation were lysed and immunoprecipitated with anti-Myc antibodies. Immunoblots were probed 
with either anti-PLK1 to detect endogenous PLK1 or anti-MYC to detect SLX4.  (D) PLK1 phosphorylates 
SLX4 in vitro. Extracts from cells expressing MYC-SLX4 were subjected to immunoprecipitation with anti-
MYC antibodies and in situ phosphorylation assays performed by addition of γ32P-ATP. Products were 
examined by SDS-PAGE and autoradiography to detect phosphorylation or by immunoblotting to detect 
MYC-SLX4. To examine whether PLK1 was responsible for SLX4 phosphorylation, in vitro assays were 
supplemented with a small molecule inhibitor of PLK1 (BI2536, 100 nM), which dramatically reduced 
SLX4 phosphorylation.  (E)PLK1 interacts with ERCC4 via SLX4. Cells expressing HA-PLK1 were 
transfected with a control (CK) siRNA or 2 siRNAs targeting SLX4 and extracts subjected to anti-HA IPs 
and immunoblotting. Depletion of SLX4 reduced the levels of ERCC4 associated with PLK1. 
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Figure S7. Co-localization of TERF2IP (RAP1) with GFP-SLX4. HeLa cells with long telomeres (from Jan 
Karlseder, the Salk Institute) were transiently infected with a lentivirus expressing GFP-SLX4 and after 48 
hours, cells were permeabilized, fixed and stained with anti-TERF2IP using Alexa fluor 594- conjugated 
secondary antibodies. Cells were imaged using a confocal microscope. Representative examples of cells 
expressing GFP-SLX4 are shown. 
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Figure S8. Co-localization of ERCC4 and MUS81 with GFP-SLX4. U2OS cells were transiently infected 
with a lentivirus expressing GFP-SLX4 and after 48 hours, cells were permeabilized, fixed and stained 
with either anti-ERCC4 (panel A) or anti-MUS81 (panel B) using Alexa fluor 594-conjugated secondary 
antibodies. Cells were imaged using a confocal microscope. 
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Figure S9. qPCR analysis of cells depleted of SLX1, SLX4, or GEN1 by RNAi. HeLa cells were reverse 
transfected with the indicated siRNAs as described in the Supplemental Experimental Procedures. After 
72 h, total RNA was isolated and subjected to reverse transcription prior to quantitative PCR using gene-
specific primers. Quantitative PCR was performed on a LightCycler 480 (Roche) using GAPDH as an 
internal control. 
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Figure S10. Structures of the Holliday junction (X0) substrates used in this study. Substrates were labeled 
on either strand 1 or strand 3 as indicated (*). 
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Figure S11. Reproducibility of SLX4 complex analysis by mass spectrometry. SLX4 immune complexes 
were prepared without (SLX4UT and iSLX4) or with treatment of cells with CPT (SLX4+CPT) or MMC 
(SLX4+MMC) (8 h) and cell extracts processed for immunoprecipitation and LC-MS/MS. TSCs for 
interacting proteins validated in this study are shown. All SLX4 constructs were C-terminal HA fusion 
proteins; iSLX4 is a tet-inducible version of SLX4. GIYD2=SLX1. 
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Figure S12. Comparison of MUS81-HA and SLX4-HA activity toward static Holiday junctions (panel A) at 
equivalent amounts of MUS81 protein. Extracts from 293T cells expressing either MUS81-HA (50 μg) 
(lanes 1 and 2 in Panel B) or SLX4-HA (500 μg) (lanes 3 and 4 in Panel B) were subjected to 
immunoprecipitation with anti-HA antibodies such that the resulting complexes contained identical levels 
of MUS81 protein, as assessed by immunoblotting (lanes 1 and 2 in Panel D).  These complexes were 
then used for cleavage assays with HJ (X0-OE) and the products separated on denaturing gels (Panel B). 
While robust largely symmetrical cleavage was observed with SLX4-HA complexes (lanes 3 and 4 in 
Panel B), no cleavage was observed with MUS81-HA complexes under these conditions (lanes 1 and 2 in 
Panel B). In contrast, when a much larger amount of the MUS81-HA  lysate (500 μg) was employed for 
immunoprecipitation and the products analyzed on native gels, significant 3'-flap, replication fork and HJ 
(X0-OE) activity was observed (Panel C, lanes 5-7), indicating that the MUS81-HA protein was 
catalytically active in this setting. Immune complexes were immunoblotted for MUS81 (Panel D) to 
demonstrate the relative levels of MUS81 present in each of these immune complexes. Arrows in Panel A 
indicate sites of cleavage in the XO-OE substrate. (Panel E) Extracts from 293T cells were 
immunoprecipitated with anti-SLX4C or with control IgG sequentially 3-4 times and the immune complex 
and lysate (5% of input)  immunoblotted using anti-SLX4M, anti-ERCC4, and anti-MUS81 antibodies. The 
asterisk indicated the position of a non-specific band present in the control and anti-SLX4 IPs that co-
migrates with MUS81. Only a small portion of MUS81 is depleted from extracts, indicating that the 
majority is not associated with SLX4. 
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Figure S13. Depletion of SLX4 in U2OS cells leads to sensitivity to DNA damage agents. (A, C, D) The 
indicated shRNAs were infected into U2OS cells and MCA assays performed as described under 
Experimental Procedures.  ATM and ATR shRNAs were employed as positive controls.  (B) Cells used in 
(A) were analyzed by IP-WB for expression of SLX4.  (E, F) U2OS cells transfected with the indicated 
siRNAs were subjected to MCA assays (E) or quantitative PCR (F) 
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Figure S14. Regions of SLX4 sufficient for MUS81 binding. 293T cells transiently expressing the indicated 
MYC-tagged SLX4 fragments (panel A) were lysed and subjected to immunoprecipitation with anti-MYC. 
Immune complexes and lysates were subjected to immunoblotting (panel B). The region of SLX4 
encompassing amino acids 1328-1648 was sufficient to interact with MUS81 (lane 3). 
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Figure S15. Recombinant GST-SLX1/His6-SLX4-C displays activity toward a 5'-Flap substrate. GST-
SLX1/His6-SLX4SBD (3 ng) purified from bacteria was incubated with a radiolabeled 5'-flap substrate (30 
min, 30oC) and the products analyzed on a native gel. The catalytically defective (CD) GST-SLX1E82A 
mutant did not display this activity.  
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Figure S16. Cell cycle profiles of U2OS cells expressing shRNAs targeting SLX4. Cells were infected with 
lentiviruses expressing  the indicated SLX4 shRNAs and 5 days later, cells were analyzed for cell cycle 
distributions after propidium iodide staining. 
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Figure S17. Localization of GFP-SLX4 to sites of laser microirradiated DNA damage. (A) Images of 
HT1080 cells transiently expressing GFP-SLX4 30 min after microirradiation. Sites of DNA damage are 
indicated by staining with γH2AX. (B) Images of U2OS cells transiently expressing GFP-SLX4 30 min after 
microirradiation. Sites of DNA damage are indicated by staining with γH2AX. (C) Quantification of cells in 
which GFP-SLX4 co-localized with the γH2AX in a stripe. n = >300 irradiated cells. 
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