
Colored PROMALS3D alignment (sequences in aligned order)

Conservation:   9   7756  6

NRDE2_Dme   1  MSLFPAYGAGRTS   13

NRDE2_Hsa   1  MALFPAFAGLSEA   13

NRDE2_Dre   1  MALFPSFSGLSGS   13

NRDE2_Mmu   1  MALFPAFADVSEA   13

NRDE2_Gga   1  MALFPAFAGAPEPGEA   16

NRDE2_Cel   1  MFRAYGNNGLKNPERISGENPDLYTQTRAAVQQRATTTLKRNEKQKLAVQNDSVFQQVGIGES   63

NRL1_Spo     1  MPSNHNTSVPKFS   13

Consensus_aa:   Ms.....hFPt@ts......................................................pt
Consensus_ss: 

Conservation:   6  6 6 

NRDE2_Dme   14  AAGSAKQTTKPGEEEPSTGGNWKKNESYI   42

NRDE2_Hsa   14  PDGGSSRKELDWLSNPSFCVGSITS   38

NRDE2_Dre   14  NSSAESKAPADLEWLSNQSFSTEDALK   40

NRDE2_Mmu   14  SGDGAFRKELDWLSNPSFRVGNLTS   38

NRDE2_Gga   17  PAGSSEGSRKELDWLSNPSFSTEDALL   43

NRDE2_Cel   64  DSDDDNGGVRIRMSPHRYIDPDDVFTLPEVKKQNALRDAKIAARAAQATAYNTFPSVKSLNG  125

NRL1_Spo     14  SFNSVK   19

Consensus_aa:   stss...............c..........shbp..ph................................
Consensus_ss:   h   hh   hhhhhhhhh 

Conservation: 

NRDE2_Dme        

NRDE2_Hsa   39  LSQQTEAAPAHVSEGLPLTRSHLKSESSDESDTNKKLKQTSRKKKKEKKKKRKHQHHKK   97

NRDE2_Dre   41  THQRATDRARAETEEPAGTSEEKHKERGDNHGKSKKRKKEKKKKHK   86

NRDE2_Mmu   39  LSRQTEEVTALASEGSPPPRYSFIRSPLKSELSGESNTSEKLAQTSRKKKKEKKKRRKHQHHRK  102

NRDE2_Gga   44  LHQRTTEAANLTPEKSPLIRSTSRSDLSGESDTDESLKKSSKKRKKKKKKHHHYKT   99

NRDE2_Cel   126  CQDPPETSQQSTSRKRSASNSRSPSRSHSRRYDRDNGRQRSRSREKKRRKKERRR  180

NRL1_Spo     20  AKKNPITKSNKK   31

Consensus_aa:   ..................sp..................................................

Consensus_ss:   hhh hhhh   hhhhhhhhhhhhhhhhhhh 

Conservation:   6   57   7   6   6   7 6 

NRDE2_Dme    43  KKHVNIATQGPESDSSSSTEDSEDEADKRKQDDVTKTKNVHRGKTL   88

NRDE2_Hsa    98  TKRKHGPSSSSRSETDTDSEKDKPSRGVGGSKKESEEPNQGNNAAADTGHRFVWLEDI  155

NRDE2_Dre    87  KKRSRDNSESSGFESDTIYPSDLLKKENTDREEAQVRVSETFMWLDDL  134

NRDE2_Mmu   103  TKRRHEQLSSSGSESDTEAGKDRASRSIRDDQKEAEKPCQGSNAAAAVAAAAGHRSIWLEDI  164

NRDE2_Gga   100  KKKAKGDSSSSESDLDTKCIKDKAAAKQAQFPLEFSLDDKTSNLTSNRSVWLDDV  154

NRDE2_Cel   181  KRSSSRSSSSSRSRDRSSRARDTSSHTLMKMNKPAKYAFLTDEE  224

NRL1_Spo      32  YRSSHDQVSSNHAKSSFPSH   51

Consensus_aa:   .++p+s.p.tSs.......S.......c.........p+p....................+..@Lpc..
Consensus_ss:   hhh   hhhhhhhh  hhhhhhhhhhh   ee 

Conservation:   9  7 5   7   6   6   6  67   6  9   6   66 

NRDE2_Dme    89  EFDSSDGFYVDKVGNSSYRNIKTLKKPARPRYKTRM  124

NRDE2_Hsa   156  QAVTGETFRTDKKPDPANWEYKSLYRGDIARYKRKGDSCLGINPKKQCISWEGTSTEKKHS  216

NRDE2_Dre   135  QTPTDSPFCIDRRADRANWQYKSLYRGDIARYKRKGGSCLGLDLRTQAVTWTDGGPEKKRV  195

NRDE2_Mmu   165  HDLTDVFRTDKKPDPANWEYKSLYRGDIARYKRKGDSCLGINPKKQCISWEGASAAKKHS  224

NRDE2_Gga   155  QAFTTETFRIDKKSDPANWAYKSLYRGDIARYRYKRRGESCLGLDTKKQCIAWDSPASEKKQL  217

NRDE2_Cel   225  YRTCDAYISSAFITQTKSDCENYTQGVPKKEIAKCRLSVKFIVGLEHNNILFNNIYGAEYARDKE  289

NRL1_Spo      52  RSIQSNFAVDTKGEKQNLLYGINKRPVPKYHRSSSSVYGSAPLLRIVKESKEGITLNKKKSL  113

Consensus_aa:   ....p..hspsF.hDp+t..Nh.h..l.+.sls..+Y+ppsp.hhG.....pbhbp...t....+c+..
Consensus_ss:   eeee   hhhhhe   hhe   eee   eeee   hhhh 

Conservation:   9   6   7   966 6 

NRDE2_Dme   125  KRLGDGKYNPHDFSRAHS  142

NRDE2_Hsa   217  RKQVERYFTKKSVGLMNIDGVAISSKTEPPSSEPISFIPVKDLEDAAPVTTWLNPLGIY  275

NRDE2_Dre   196  DKKAERYFSSSTRQLLQTRGLLALPILSEGSATNSDPYIKLAVCAEEQGSSTQTPESWVNPLGIY  260

NRDE2_Mmu   225  HRHLERYFTKKNVGLMRTEGIAVCSNPEPASSEPVTFIPVKDSAEAATPVTSWLNPLGIY  284



NRDE2_Gga     218  QRRPERYFSKSNVKTLNSDGIPVCNKSSPSDPAAFIPVLHVETSDPSDTTEVNPLGIY  275

NRDE2_Cel     290  NRPFWEQLDRYLKDVPKETFFRYVPPVGGYW  320

NRL1_Spo     114  EIKYDEERSFDEKENDESEFEDGQQGFIPLLVN  146

Consensus_aa:   p.....p.Rhhspp.s.....................p..h.F..................h.Pl....
Consensus_ss:   hhhhhh 

Conservation:   6   7   7   77   6 

NRDE2_Dme   143  KFSLKRSRYVREKLIADAPSEDEVSRLQEQLIRTKVLVQQEPEVL  187

NRDE2_Hsa   276  DQSTTHWLQGQGPPEQESKQPDAQPDSESAALKAKVEEFNRRVRENPRDTQLWMAFVAFQD  336

NRDE2_Dre   261  DPGTTLWLEGKGQPEVKGEQQSTEAQESNSTLLSARVEEFNRNLRENPTDIKLWLDFVHFQD  322

NRDE2_Mmu   285  DQSTTQWLQGQGPAEQESKQPDSQQDRENAALKARVEEFNRRVRENPWDTQLWMAFVAFQD  345

NRDE2_Gga   276  DPSTTEWLQGKGYKGEEHEPVNTQQAFQEPGINVNPILMTKVEEHNKKVRENPRDIQAWMNFVSFQD  342

NRDE2_Cel   321  KIRDRVDLLNLDHIDDDVLANDSDNRKDAFTFELEQAKKTFSENVHNIDALIKVISMEE  379

NRL1_Spo     147  RNSDPSEKSTFSLNILKAIKETDEEIKKNPGKARLWIKMCEYQE  190

Consensus_aa:   ...c.s....Lp.p.......................p.hh.h.lEhscplpENs.chphhhphh.hp
Consensus_ss:   hhhhhhhhhhhhhhhhh   hhhhhhhhhhhhh

Conservation:   7   55 9 6   7   6 

NRDE2_Dme   188  DHWLQLHRLLNLNLDKANRLAVAEQQIHSLETAMEHHPSNQQILRLYTHVANATYQANEV  247

NRDE2_Hsa   337  EVMKSPGLYAIEEGEQEKRKRSLKLILEKKLAILERAIESNQSSVDLKLAKLKLCTEFWEPSTL  400

NRDE2_Dre   323  ELAFGSGSFSSAGDCDAEMRKMSLRAVLEKKLSIMDRAVESNPSDVDLKLEKLRLCKELWEPAVL  387

NRDE2_Mmu   346  EVMRSPGIYALGEGEQEKHRKSLKLLLEKKLAVLERAIESNPGSVELKLAKLQLCSEFWEPSAL  409

NRDE2_Gga   343  ELMRGPSPYASMGEQEVRRKSLKLILEKKLAILERAIESNPSNVDLKLARLSVCTEFWESPAV  405

NRDE2_Cel   380  EMCRRNVGSFSSSNPAALAERHQEMVKKAIKADGRNAKLRLMKIELLIKMDPNSPTI  436

NRL1_Spo     191  RLLFDEFRRSNSDDIKGKLKIENNSRSVKLSILEKALKEVKGCDHEILVSYYLQLGSEEWSKEET  255

Consensus_aa:   hh......ht..........c..s..hlhEp+l.hl+Alcp..ssss.pL..hblpltpch@.pss.l
Consensus_ss:   hhhh   hhhhhhhhhhhhhhhhhhhhhhh   hhhhhhhhhhhhhh   hhhh

Conservation:   6   9   79 57   7   6  7   6 

NRDE2_Dme   248  ARRFEKMLKRNPFQYTLWSNLIMITQGDMACCNVSAVLRIYEYSMRRMHVGHNDEITRRFI  308

NRDE2_Hsa   401  VKEWQKLIFLHPNNTALWQKYLLFCQSQFSTFSISKIHSLYGKCLSTLSAVKDGSILSHPA  461

NRDE2_Dre   388  QKEWKKLVFIHPNSAPLWKKYLLFTQSHFSTFSVSKVNGVFGKCLSTLSAVQDGSMVSHPP  448

NRDE2_Mmu   410  AKEWQKLLFLHPNNTSLWQRYLSFCQSQFGTFSVSKLHSLYGKCLSTLSAVKDGSMLSHPV  470

NRDE2_Gga   406  IKEWQKLIFIHPNNPELWKKYLLFCQSQFSTFSVSKINSLYGKCLTTLAAVQDGSMVSHPP  466

NRDE2_Cel   437  IDDFKNLTITFPHEPMVWIKYLDYIQYDSNVYNYKKLKNAFEDCIRQVTGLTNGTLLSHLNAV  499

NRL1_Spo     256  NQKFEEVLIEHPGYLNLWMKYAEYFTGISEFTFNDCLNMFSKCFKFLKQKLSDRKSCKERESTDVTS  322

Consensus_aa:   .cc@pcllh.@P.p..LWb+Yl.@hQtphth@shscl.sh@.cChpplps.pssp.......hhs+.s..
Consensus_ss:   hhhhhhhhhh   hhhhhhhhhhhhhhhh   hhhhhhhhhhhhhhhhhh 

Conservation:   7 6   6 77   77   677  6  7   7 77

NRDE2_Dme   309  IKETDVIMLKLFHNCLLFLRQSGHTNWMFALIRLSMELNFPYLTFECLQAHAGREKALIGFEEVVL  374

NRDE2_Hsa   462  LPGTEEAMFALFLQQCHFLRQAGHSEKAISLFQAMVDFTFFKPDSVKDLPTKGQVEFFEPFW  523

NRDE2_Dre   449  LPGTQEDLLDIFLQQCHFLRQAGHTEKAVCLFQALLDFTFFKPDNVKNLATRQQVDFFEPFW  510

NRDE2_Mmu   471  LPGTEEAMFGLFLQQCHFLRQAGHSEKVISLFQAMVDFTFFKPDSVKELPTKVQVEFFEPFW  532

NRDE2_Gga   467  LPGTEEAMLAIFIQQCHFLRQAGHSEKAVSLFQALIDFTFFKPDSVKDLPTKGQVEFFEPFW  528

NRDE2_Cel   500  NDRPLLRMFHLWIYIRYLKWMISCAHTPVVLANIQATFEYNFGLADVEKRTSTNSKEREVRLEEFW  565

NRL1_Spo     323  NFEVEEAILHLLIRLCDFLKNCGYYELAWSIFQANMELCYFYPRYLEKKLDSTFFESFSKFW  384

Consensus_aa:   .....hcbhhL.l@lpbhcFL+ptGHopbhhtlhQA.hhsF.bsc..c....p..spsb..h..hE.FW
Consensus_ss:   hhhhhhhhhhhhhhhhhh   hhhhhhhhhhhhhh   hhhh  hhhhhh 

Conservation:   97 9  66 69696   6   9 6   6 69   9

NRDE2_Dme   375  RSGMPMPEIW  384

NRDE2_Hsa   524  DSGEPRAGEKGARGWKAWMHQQERGGWVVINPDEDDDEPEEDDQEIKDKTLPRWQIW  580

NRDE2_Dre   511  DSGEPRIGERGARGWKAWMLQQEKGGWVIPPEPDDDEEEEQEDSEIKDKTWPKWKIW  567

NRDE2_Mmu   533  DSGEPRVGEKGARGWRAWMHQQERGGWVLITPDEDDEEPEEEDQEIKDKTLPRWQIW  589

NRDE2_Gga   529  DSGEPRIGEKGARGWRAWMHQQEKGGWVAVDNPDDDDEEEIDEDEEIKDKTLPKWHIW  586

NRDE2_Cel   566  ESGLPRIGDEGAVGAEKMLKQSEELSDEDIQKLENDDFDILISRTEETIATCLQAQRDVQISW  628

NRL1_Spo     385  NSDTPKFSEENARGWCNVLDDESSQQNQNFSSEIGIFQTVKLW  427

Consensus_aa:   cSGbP+htcsA.Gh..hhc.............D.s.pp.pp.s.I....................plW
Consensus_ss:   hhhh   h   hhh

Conservation:   9   7  7 57   7 6   6   7  6 76

NRDE2_Dme     385  TRVEQLRQAYCFLPLKDKLASSTNVFKNKMNAERYFCSDKLVPYVHALKSQNNRLHLVLVVVQLMKL  451



NRDE2_Hsa   581  LAAERSRDQRHWRPWRPDKTKKQTEEDCEDPERQVLFDDIGQSLIRLSSHDLQFQLVEAFLQFLGV  646

NRDE2_Dre   568  LDVEASREANQWLPWRPDKTKGQSEEDCEDPDRQVLFDDIGPSMIRVDRADLQAQLILAFLQFLGL  633

NRDE2_Mmu   590  LAVERSRDQRHWRPWRPDKTKKQTEEDCEDPERQVLFDDIGQSLIRLSSPDLQFQLIQAFLQFLGV  655

NRDE2_Gga   587  MDIEYSRESRHWLPWRPDKTKNQAEEDCEDPERQVLFDDLGPSLIQLSNPDIQHQLLYSFLQFLGV  652

NRDE2_Cel   629  IEVEREMMNIDARVKRTKLKDCELYEDHVDDLETCELWDIIPFDRIRYYEAPGDCANFDFVQPFLELLGV  698

NRL1_Spo     428  YLNESKFDTNPPPRSTMSCRKLSGIDDPFRYIVFNDIQDFIVCFESETIAFAFKYKFFAFCGV  490

Consensus_aa:  h.hE.p.ps.ph.Pb+scbhc.p..bcshDsRbhl@Dcls.s.lh...hps.shphphlbsFlphhGl
Consensus_ss:   hhhhhhhhhh   eeeeee   hhhh  e   hhhhhhhhhhhhhh 

Conservation:   7   6   6 

NRDE2_Dme   452  PLIRSASLADKLNPCIEDFGESEAIEMLFAAIVDRHSYAVASLQYQFDAAMIDLAREM  509

NRDE2_Hsa   647  PSGFTPPASCLYLAMDENSIFDNGLYDEKPLTFFNPLFSGASCVGRMDRL  696

NRDE2_Dre   634  PGALTKFFTASSSSFLLDDLTFLEEGPDPERPLTSYDLPVTGICAVGHMTCL  685

NRDE2_Mmu   656  PSGFLPPASCLYLAMDESSIFESELYDEKPLTYFNPSFSGISCVGSMEQL  705

NRDE2_Gga   653  PCISRLFPPNLYIAMDENNIFDNVLSDEKPLTSIDTPLSGFNSIGHMDTM  702

NRDE2_Cel   699  KFLNSTNCFTTTEQIISDWISNDSTVNFYKTPTYT  733

NRL1_Spo     491  PLFPPGISTNSWFASYDKGIYNLLFGMASSESFINGQIAEKNSFQFPC  538

Consensus_aa:   P...s..ph.s.s.......s.................shhpp...scpsls.hp...s..........h
Consensus_ss:   hhhh   hhhh 

Conservation:   65   5   7 7 

NRDE2_Dme   510  SVTPSYMPHLVGHKLYADTVSNMLLKCVEVFIGEESKRRLLLILYLRFQKLLIV  563

NRDE2_Hsa   697  GYPRWTRGQNREGEEFIRNVFHLVMPLFSGKEKSQLCFSWLQYEIAKVIWC  747

NRDE2_Dre   686  SGCRRQAGLCKAGEEFLHNVLHQTLRLVPAQDQAAITLCWLQYEKLKVLRC  736

NRDE2_Mmu   706  GRPRWTKGHNREGEEFVRNVFHLVLPLLAGKQKSQLSLSWLRYEIAKVIWC  756

NRDE2_Gga   703  LRRRHHIGHCKDGEEFIQNVFHVLSPLFSGKEKSNLSICWLQYEISKVVQC  753

NRDE2_Cel   734  EKKCFEVGNNILKFMLYNRLKLTENNPEYLDKTMVKYLLAMLVTE  778

NRL1_Spo     539  SILPSYIDLFISLMSFKNLNFKLFDYNLAHHVKESMERAFHQLVFSADDEYLASVYLIYLKQMETKN  605

Consensus_aa:   t...phhsh..s....bch............lppshh.hh...lhstpp.....l.b.@LpYbb.bll..
Consensus_ss:   hhhhhh   hhhhh   hhhhhhhhhh  h  hhhhhhhhhhhhhhhhhhhhhhhh

Conservation:   5   67   7   5   6 7 66   5   7  9   7

NRDE2_Dme   564  LHKSMGKLTKKFFKDKRTRMRKLINLTENRNVISFYTEQALCEIEAKHYRLGFSIISRIITKKS  627

NRDE2_Hsa   748  LHTKNKKRLKSQGKNCKKLAKNLLKEPENCNNFCLWKQYAHLEWLLGNTEDARKVFDTALGMAG  811

NRDE2_Dre   737  LRSGNKRQMKSQGKRSKRLAKRLLKEPENRGSLALWREYAHLEWLLGNLEEARKVFDTALSMGV  800

NRDE2_Mmu   757  LHTKKKRLKSQGKSCKKLAKNLLKEPENRNNFCLWKQYAHLEWLLGNTEDARKVFDTALSMAG  819

NRDE2_Gga   754  IQTKKKKKLKAQGRKSKKLAKNLLKAPDNRNNLALWKLYAYLEWLLGNTDDARKVFDTALCTAG  817

NRDE2_Cel   779  ASEQEKKLNFHSFKLNLKNLVGTFITKHPDIFKRAMLSKITGIVYMEKFVSWWERALKEQEKVVEADE  846

NRL1_Spo     606  LSEEKPQVNKIVKKILKKYDSSVSVWNTYAQLEHLSGAFTMAETIFKTIFQIHA  659

Consensus_aa:   lppp..K.....hK.p.+p.pplh+pllK.s..pcsslth@p.hAhhEhhht.hc.A.plhcphl.h.s
Consensus_ss:   h hhhhh   hhhhhhhhhhhhhhhhhh   hhhhhhhhhhhhh   hhhhhhhhhhhhhhh 

Conservation:   7 

NRDE2_Dme   628  EESSCISCVDTMHLYLVCAELHIHRGRISKA  658

NRDE2_Hsa   812  SRELKDSDLCELSLLYAELEVELSPEVRRAATARA  846

NRDE2_Dre   801  SRGLNDHVLCKLCFLYAQLEVEQALSSETVSTFSKA  836

NRDE2_Mmu   820  SSELKDRELCELSLLYAELEMELSPDSRGATTGRA  854

NRDE2_Gga   818  TGGLKSPQLCSLSLLYAQLEVELLQSLEGAVTSRA  852

NRDE2_Cel   847  RRKNYKEIKMEEGVVDDVKFDVILLKKDKERVQTIRDKIRDMIDIAIPKSTEKLIQSADSSLPTLQ  912

NRL1_Spo     660  SQLRYIDNLNVYKNWAFRKLLINDTEGCL  688

Consensus_aa:   ..pp.lp..phhpl.blhApl................................chcb..p..s....s.h
Consensus_ss:   h   hhhhhhhhhhhhh   hhhhh   hhh

Conservation:   7   7  6   6 

NRDE2_Dme   659  IGILVSLCLEKHAGVKQTTVYSKEQVLKGLRNAEKMVRAELKSLDTQPAEMSLEEYFQ  716

NRDE2_Hsa   847  VHILTKLTESSPYGPYTGQVLAVHILKARKAYEHALQDCLGDSCVSNPAPTDS  899

NRDE2_Dre   837  VYILTKLAEGASYTPFSGQINPVVILKARKAYEQALLSILPEQNTDSNAGASK  889

NRDE2_Mmu   855  VHILTRLTESSPYGPYTGQVSSTQVLKARKAYELALQDCLGQSCASSPAPAEA  907

NRDE2_Gga   853  VHILTKLAESGPYAPYNGQVLSVSVLKARKTYEHALQDYLNKAPVSDQDGASN  905

NRDE2_Cel   913  LHLYANVLRGRLSILNQNALEETRDVFCKEILGIHTSEFESDEALLLALDQG  964

NRL1_Spo     689  VIIKCLLFPGDKSLTSDNNRASEMLFGMLENCASK  723

Consensus_aa:   lhIhhpLh.........ss.....pl.+tpcshb.hlpshhsp..h...........p............
Consensus_ss:   hhhhhhhh hh   h  hhhhhhhhhhhhhhhhhhhhhh   hhh 



Conservation:   7   7   7 

NRDE2_Dme   717  PNKLLILLRAICLIEVLNNRRHKEARMWLNDLQNNEFGPEAVKDS  761

NRDE2_Hsa   900  CSRLISLAKCFMLFQYLTIGIDAAVQIYEQVFAKLNS  936

NRDE2_Dre   890  KHNRTSSLIGCFGLFQYLTMGIDAAQAVYSQAIQKLIP  927

NRDE2_Mmu   908  LDCLGSLVRCFMLFQYLTVGIDAAVQIYGRVFAKLKG  944

NRDE2_Gga   906  SNQLVNLVGCYTVFQYLTVGIDAAELVCTQALEKLEA  942

NRDE2_Cel   965  LNELLEHCKEKDNLESVDSIPELPRAEALCEALKVVAVFVFLDKMAFSRRAVDCLIANAITKFEQFEA 1032

NRL1_Spo     724  EELLYVCLIYTIWTHCTDMDSMDNCVYLCIQKFESYG  760

Consensus_aa:   ..........................p.L..lh.hhhl@p@Ls.........tlDsh...h.p.h.ph.t
Consensus_ss:   hhhhhhhhhhhhhhhhhhh  hhhhhhhhhhhhhhhhhhhhhhhh

Conservation:   6   6   6   57 5 

NRDE2_Dme    762  ERKRFLREQIMEIQMLHLRLSFLVFGEVEFYTGFKKIKLHELLENGLEEFPRNMVFLQLW  821

NRDE2_Hsa    937  SVFPEGSGEGDSASSQSWTSVLEAITLMHTSLLRFHMKVSVYPLAPLREALSQALKLYPGNQVLWRSY 1004

NRDE2_Dre    928  SHFNSEAAEGSRRRSTIFADCEAVAVQHVALLRHHTNTNVFPLSRLRLALTDALSLLPSSASLWHLY  994

NRDE2_Mmu    945  SARLEDPGPEDSTSSQSLTNVLEAVSMMHTSLLRFHMNVCVYPLAPLRETLSDALKLYPGNQVLWRAY 1012

NRDE2_Gga    943  PHPQKCENTAETSSIQHFPTALEAVTLLRANLLRFHMKISVYPLNPLREALTEALKRFPSNQALWRAY 1010

NRDE2_Cel   1033  KKNDFNRGTYEKYCDQIDLKFITDTLITFFSHKKHRFIYNENFKKLIFQASQAFPCDSKYAKML 1096

NRL1_Spo      761  WGASSEMECYFSYCSLIFYYQATTLQFYNLPKVRPFFEKGVTLFSANTAIWEVY  814

Consensus_aa:   p.........sp...ppbhs.hhhhh..s.lh.@phph...@..b..l+bhlpptlp.@Pts.shhch@
Consensus_ss:   h   hhhhhhhhhhhhhhhhhhhhhhhhhhhhhh   hhhhhhhhhhhhhh   hhhhhhh

Conservation:   6   6   5   7 

NRDE2_Dme    822  ASLKSIMWHKQRSRLIRTKAGIASLAHLVVAIHNRFGIVDTNDKFSKEATRKM  874

NRDE2_Hsa   1005  VQIQNKSHSASKTRRFFDTITRSAKPLEPWLFAIEAEKLRKRLVETVQRLD 1055

NRDE2_Dre    995  LQTENHYHSAGRTRRFFHSMAKKTDSVVPYLFAITAEQRLKQLLDSVQRSR 1045

NRDE2_Mmu   1013  VQIQNKSHSANKTRRFFDTVTRSAKHLEPWLFAIEAEKLRKKLVESVQRVG 1063

NRDE2_Gga   1011  IQSQRKSHSASKARRFFDGVTRSTNSLEPWLFAIQAEQMRKKLTENVQRAD 1061

NRDE2_Cel   1097  GELHSSGRLQVMKLQGFTDSRNSILNAKRDQQFDPELETRLLMNSLTIMFSWMN 1150

NRL1_Spo      815  IFFESKLRQENKPKIRAMKILKSASNAVVTACWYLFYVA  853

Consensus_aa:   hphpsb.+p.s+.+.....phhcshsp.........hs.pl..hLh.....hl.hp..p...........
Consensus_ss:   hhhhhhh  hhhhh   hhhhhhhh   hhhhhhh hhhhhhhhhhhh   hhhhh 

Conservation:   7  5   7   99 7   5   9   77

NRDE2_Dme    875  VCNRLVSIVETFLPTNLDRLDVEEEHYRILRRNSIYWRLYMIALSKTNASFRRSKEVLIMAMDECP  940

NRDE2_Hsa   1056  GREIHATIPETGLMHRIQALFENAMRSDSGSQCPLLWRMYLNFLVSLGNKERSKGVFYKALQNCP 1120

NRDE2_Dre   1046  LPGEALPTLPVNGLSNRIRCLFESATGTEHGAHCPLLWRMYLNFMVCDGNADRGSGIFYKALQEVP 1111

NRDE2_Mmu   1064  GREVHATIPETGLTHRIRALFENAIRSDKGNQCPLLWRMYLNFLVSLGNKERSKGVFYKALQSCP 1128

NRDE2_Gga   1062  VGEIYSTIPETGLTNRIISLFEHATQSENGTHCPLLWRMYLNFLVSVGKKERGKGLFYKAIQNCP 1126

NRDE2_Cel   1151  AANRIGDAGNQILYKNWKREAANTRDPAIWRQVIRVASKLSQKILKDDAYTRARGQCT 1208

NRL1_Spo      854  VQQIEPTNSQYFLRTLDITLNNEKLKSVAKFWRIYLKILNLRLNGTEWVSAITTKALASCP  914

Consensus_aa:   .....hspIs.hs.....p.Lhc...ph.ppc..ppsshhWRhYlphhs...tp.c.spslhh+Ah.pCP
Consensus_ss:   hhhhhhh   hhhhhh   hhhhhhh   hhhhhhhhhhhhhh   hhhhhhhhhhhhhh 

Conservation:   7 7 7 57   7   57697  7   6 6 7 

NRDE2_Dme    941  WDKSLLMEGAKVLPVKLASLQDLMTEKEIRIFAMPEEVDVLRGF  984

NRDE2_Hsa   1121  WAKVLYLDAVEYFPDEMQEILDLMTEKELRVRLPLEELELLLED 1164

NRDE2_Dre   1112  WVKGLYMDAVQLFPERVQEFLDLMTEKELRLRMPMEEVDILLEE 1155

NRDE2_Mmu   1129  WAKVLYMDAMEYFPDELQEILDVMTEKELRVRLPLEELELLLED 1172

NRDE2_Gga   1127  WAKVLYMDAVEYFPEQLQETLDLMTEKELRVRVPIEELDLLLEV 1170

NRDE2_Cel   1209  WALNLHFDYIEAKTVRKNGDLMEMIYLILEQSMGQEHSLFVTDEEYMKTQQEIGLQYSESGR 1270

NRL1_Spo      915  CNKGVCMDVIDLLLKKEMESRAIICYIIMLEKGFRVHNEIRRDVLKFERGDELILSPN  972

Consensus_aa:   WsKsLhhDhhchhs.....chbE.....hh.lMhEKphR....l.h..c.lLb..............
Consensus_ss:   hhhhhhhhhhhh   hhhhh   hhhhhhhhhhh   hh  hhhhhhhhhhhhh 

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): l; 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.



Colored PROMALS3D alignment (sequences in aligned order)

Conservation:     9   

CWF4_Spo     1  MTS    3

SYF3_human     1  MTATVENLTFQKDTLGNAVDKN   22

CWF3_Spo     1  M    1

SYF1_human     1  MV    2

NRDE2_Cele     1  MFRAYGNNGLKNPERISGENPDLYTQTRAAVQQRATTTLKRNEKQKLAVQNDSVFQQVGIGESDSDDD   68

NRDE2_human     1  MALFPAFAGLSEAPDGG   17

NRL1_Spo     1  MPSNH   5

Consensus_aa:   Mh....................................................................
Consensus_ss: 

Conservation: 

CWF4_Spo          

SYF3_human     23  TSRLELRSYSLAGRHGSTEPLVLAWSSQF   51

CWF3_Spo          

SYF1_human          

NRDE2_Cele     69  NGGVRIRMSPHRYIDPDDVFTLPEVKKQNALRDAKIAARAAQATAYNTFPSVKSLNGCQDPPETSQQSTS  138

NRDE2_human     18  SSRKELDWLSNPSFCVGSITSLSQQTEA   45

NRL1_Spo     6  NTSVPKFSSFNSVKA   20

Consensus_aa:   ......................................................................

Consensus_ss: 

Conservation: 

CWF4_Spo            

SYF3_human      52  RRLTWGCALDALHRSPCVAASQHGVTHLIRSSRTPHS   88

CWF3_Spo            

SYF1_human            

NRDE2_Cele     139  RKRSASNSRSPSRSHSRRYDRDNGRQRSRSREKKRRKKERRRKRSSSRSSS  189

NRDE2_human     46  APAHVSEGLPLTRSHLKSESSDESDTNKKLKQTSRKKKKEKKKKRKHQHHKKTKRKHGPSSSSRSETDT  114

NRL1_Spo      21  KKNPITKSNKKYRSSHDQVSSNHA   44

Consensus_aa:   ......................................................................

Consensus_ss: 

Conservation: 

CWF4_Spo            

SYF3_human      89  TRCRKEDAQPGHHGNGAASVTAQARGQRSVLQVPLPV  125

CWF3_Spo            

SYF1_human            

NRDE2_Cele     190  SSRSRDRSSRARDTSSHTLMKMNKPAKYAFLTDEEYRTCDAYISSAFITQTKSDCENYTQGV  251

NRDE2_human    115  DSEKDKPSRGVGGSKKESEEPNQGNNAAADTGHRFVWLEDIQAVTGETFRTDKKPDPANWEYKSL  179

NRL1_Spo     45  KSSFPSHRSIQSNFAVDTKGEKQNLLYGI   73

Consensus_aa:   ......................................................................

Consensus_ss: 

Conservation: 

CWF4_Spo     4  EAPRVKNKNPAPIQIS   19

SYF3_human     126  PRSCLFSESFVVSVSSQSRFLASVPGTGVQRSTAADMAASTAAGKQRIPKVAKVKNKAPAEVQIT  190

CWF3_Spo     2  GDVIPLKVNFDLIN   15

SYF1_human     3  VMARLSRPERPDLVFE   18

NRDE2_Cele     252  PKKEIAKCRLSVKFIVGLEHNNILFNNIYGAEYARDKENRPF  293

NRDE2_human    180  YRGDIARYKRKGDSCLGINPKKQCISWEGTSTEKKHSRK  218

NRL1_Spo      74  NKRPVPKYHRSSSSVYGSAPLLRIVKESKEGITLNKKKSLEIKYD  118

Consensus_aa:   ......................................................phs+.pp..s......
Consensus_ss:   eee   h   h

Conservation:   65 5 

CWF4_Spo      20  AEQLLREAVERQDVAFVPPKINITDLEEL   48

SYF3_human     191  AEQLLREAKERELELLPPPPQQKITDEEEL  220

CWF3_Spo      16  VDDEPFELELLRDPYSLKSWLRYIKTHE   43

SYF1_human      19  EEDLPYEEEIMRNQFSVKCWLRYIEFKQ   46



NRDE2_Cele     294  WEQLDRYLKDVPKETFFRYVPPVGGYWKIRDRVDLLN  330

NRDE2_human    219  QVERYFTKKSVGLMNIDGVAISSKTEPPSSEPISFIPVKDLEDAAPVTTWLNPLGIYDQSTTHWLQGQ  286

NRL1_Spo     119  EERSFDEKENDESEFEDGQQGFIPLLVNRNSD  150

Consensus_aa:   ..pl..bhpb.p...................p......................s.s.b.p..c..p...
Consensus_ss:   hhhhhhhhhh   hhh  hhhhh 

Conservation:   6   7 

CWF4_Spo      49  QEFQGRKRKEFEDAIRRNRLAMGHWMRYGQWELDQKE   85

SYF3_human     221  NDYKLRKRKTFEDNIRKNRTVISNWIKYAQWEESLKE  257

CWF3_Spo      44  GSTLEKRVLLFERACSELPGSYKIWKSYLELRVAHVEHLNPYFHAEA   90

SYF1_human      47  GAPKPRLNQLYERALKLLPCSYKLWYRYLKARRAQVKHRCVTDPA   91

NRDE2_Cele     331  LDHIDDDVLANDSDNRKDAFTFELEQAKKTFSENVHNIDALIKVISMEEEMCRRNVGSF  389

NRDE2_human    287  GPPEQESKQPDAQPDSESAALKAKVEEFNRRVRENPRDTQLWMAFVAFQDEVMKSPGLY  345

NRL1_Spo     151  PSEKSTFSLNILKAIKETDEEIKKNPGKARLWIKMCEYQERLLFDEFRR  199

Consensus_aa:   ....................b....pbhcc.hpc...shphWhphhphp.....................
Consensus_ss:   hhhhhhhhhhhhhhhh   hhhhhhhhhhhhhh 

Conservation:   767   7 5 6   6   9

CWF4_Spo      86  FARARSVFERALDVDSTYIPLWLKYIECEMKNRNINHARNLFDRAVTQLP  135

SYF3_human     258  IQRARSIYERALDVDYRNITLWLKYAEMEMKNRQVNHARNIWDRAITTLP  307

CWF3_Spo      91  FASVNDCFERSLILLHKMPVIWKLYLQFLMKQPNVTKIRCTFNSALRALP  140

SYF1_human      92  YEDVNNCHERAFVFMHKMPRLWLDYCQFLMDQGRVTHTRRTFDRALRALP  141

NRDE2_Cele     390  SSSNPAALAERHQEMVKKAIKADGRNAKLRLMKIELLIKMDPNSPTIIDDFKNLTITFP  448

NRDE2_human    346  AIEEGEQEKRKRSLKLILEKKLAILERAIESNQSSVDLKLAKLKLCTEFWEPSTLVKEWQKLIFLHP  412

NRL1_Spo     200  SNSDDIKGKLKIENNSRSVKLSILEKALKEVKGCDHEILVSYYLQLGSEEWSKEETNQKFEEVLIEHP  267

Consensus_aa:   .................h.p..shhE+Al......p...L.b.bhph.hc...p.sph.p.@pphl..hP
Consensus_ss:   hhhhhhhhhhhhhh   hhhhhhhhhhhhh   hhhhhhhhhhhhhh 

Conservation:   9 57   6   7 

CWF4_Spo     136  RVDKLWYKYVYMEEMLGNITGCRQVFERWLKWEPDENCW  174

SYF3_human     308  RVNQFWYKYTYMEEMLGNVAGARQVFERWMEWQPEEQAW  346

CWF3_Spo     141  VTQHDDIWDMFTKYAEDIGGLFCIHVYRRYIQVEPRAI  178

SYF1_human     142  ITQHSRIWPLYLRFLRSHPLPETAVRGYRRFLKLSPESA  180

NRDE2_Cele     449  HEPMVWIKYLDYIQYDSNVYNYKKLKNAFEDCIRQVTGLTNGTLLSHLNAVNDRPLLRMFHLWIY  513

NRDE2_human    413  NNTALWQKYLLFCQSQFSTFSISKIHSLYGKCLSTLSAVKDGSILSHPALPGTEEAMFALF  473

NRL1_Spo     268  GYLNLWMKYAEYFTGISEFTFNDCLNMFSKCFKFLKQKLSDRKSCKERESTDVTSNFEVEEAILHLL  334

Consensus_aa:   ....s.lW.bYh.h.p......s...h.ph@p+hhph...................P........h...h
Consensus_ss:   hhhhhhhhhhhhh   hhhhhhhhhhhhhh   hhh   h

Conservation:   5   7 

CWF4_Spo     175  MSYIRMERRYHENERARGIYERFVVVHPE  203

SYF3_human     347  HSYINFELRYKEVDRARTIYERFVLVHPD  375

CWF3_Spo     179  ENYIEILCKLGLWNEAARQYEDILNRPVFLSAKRKSN  215

SYF1_human     181  EEYIEYLKSSDRLDEAAQRLATVVNDERFVSKAGKSN  217

NRDE2_Cele     514  IRYLKWMISCAHTPVVLANIQATFEYNFGLADVEKRTSTNSKEREVRLEEFWESGLPRIGDEGAVGAEKM  583

NRDE2_human    474  LQQCHFLRQAGHSEKAISLFQAMVDFTFFKPDSVKDLPTKGQVEFFEPFWDSGEPRAGEKGARGWKAW  541

NRL1_Spo     335  IRLCDFLKNCGYYELAWSIFQANMELCYFYPRYLEKKLDSTFFESFSKFWNSDTPKFSEENARGWCNV  402

Consensus_aa:   bphhchb.ph...p.A...hp.hh..............................................
Consensus_ss:   hhhhhhhhh   hhhhhhhhhhhhhh   h 

Conservation:   5   5 

CWF4_Spo     204  VTNWLRWARFEEECGN  219

SYF3_human     376  VKNWIKYARFEEKHAY  391

CWF3_Spo     216  YQIWLEFSELVVQHPDHTQ  234

SYF1_human     218  YQLWHELCDLISQNPDKVQ  236

NRDE2_Cele     584  LKQSEELSDEDIQKLENDDFDILISRTEETIATCLQAQRDVQISWIEVEREMMNIDARVKRTKL  647

NRDE2_human    542  MHQQERGGWVVINPDEDDDEPEEDDQEIKDKTLPRWQIWLAAERSRDQRHWRPWRPDK  599

NRL1_Spo     403  LDDESSQQNQNFSSEIGIFQTVKLWYLNESKFDTNPPPRST  443

Consensus_aa:   ............................................hp.hb.@h.hbpp.s...........
Consensus_ss:   hhhhhhhhhhhhhhh 

Conservation:   5   6   5 

CWF4_Spo     220  AANVRQVYLAAIDALGQEFLNERFFIAFAK  249



SYF3_human     392  FAHARKVYERAVEFFGDEHMDEHLYVAFAK  421

CWF3_Spo     235  NIDVEKVFRAGIKRFSDQAGKLWTYLAQ  262

SYF1_human     237  SLNVDAIIRGGLTRFTDQLGKLWCSLAD  264

NRDE2_Cele     648  KDCELYEDHVDDLETCELWDIIPFDRIRYYEAPGDCANFDFVQPFLELLGVKFLNSTNCFTTTEQ  712

NRDE2_human    600  TKKQTEEDCEDPERQVLFDDIGQSLIRLSSHDLQFQLVEAFLQFLGVPSGFTPPASCLYLAMDE  663

NRL1_Spo     444  MSCRKLSGIDDPFRYIVFNDIQDFIVCFESETIAFAFKYKFFAFCGVPLFPPGISTNS  501

Consensus_aa:   ...................................h.s..hh...lp.hts.........s..hhhhb..
Consensus_ss:   hhhhhhhhhhhhhh   hhhhhhhhh

Conservation:   5 

CWF4_Spo     250  FEIRQK  255

SYF3_human     422  FEENQK  427

CWF3_Spo     263  YYIRIG  268

SYF1_human     265  YYIRSG  270

NRDE2_Cele     713  IISDWISNDSTVNFYKTPTYTEKKC  737

NRDE2_human    664  NSIFDNGLYDEKPLTFFNPLFSGASCVGRMDRLGYPRWT  702

NRL1_Spo     502  WFASYDKGIYNLLFGMASSESFINGQIAEKNSFQFPCSILPSYIDLFISLMSFKNLNFKLF  562

Consensus_aa:   @bhp..................................................................
Consensus_ss:   hhhh 

Conservation:   5   7 

CWF4_Spo     256  EYERARTIFKYAIDFMPRSKSMELYKEYTHFEKQFGDH  293

SYF3_human     428  EFERVRVIYKYALDRISKQDAQELFKNYTIFEKKFGDR  465

CWF3_Spo     269  DYEKARSTFYEGMNNIMTVRNFTIIFDAFVEFEEQWLSA  307

SYF1_human     271  HFEKARDVYEEAIRTVMTVRDFTQVFDSYAQFEESMIAA  309

NRDE2_Cele     738  FEVGNNILKFMLYNRLKLTENNPEYLDKTMVKYLLAMLVTEASEQEKKLNFHSFKLNLKNLVGTFITKH  806

NRDE2_human    703  RGQNREGEEFIRNVFHLVMPLFSGKEKSQLCFSWLQYEIAKVIW  746

NRL1_Spo     563  DYNLAHHVKESMERAFHQLVFSADDEYLASVYLIYLKQMETK  604

Consensus_aa:   ......chcch...hb..lp....h.ps.p..blh.s@h.@Ebpb.........................
Consensus_ss:   hhhhhhhhhhhhhh   hhhhhhhhhhhhhhhhhhhh 

Conservation: 

CWF4_Spo     294  LGVESTVLDKRRLQYEKLLKDSPYDYDTWLDLLKL  328

SYF3_human     466  RGIEDIIVSKRRFQYEEEVKANPHNYDAWFDYLRL  500

CWF3_Spo     308  RVEASSGNANDELSIDFHMAWLEKILDKRPLYINDVLLRQNINNVDEWLRRVKF  361

SYF1_human     310  KMETASELGREEEDDVDLELRLARFEQLISRRPLLLNSVLLRQNPHHVHEWHKRVAL  366

NRDE2_Cele     807  PDIFKRAMLSKITGIVYMEKFVSWWERALKEQEKVVEADERRKNY  851

NRDE2_human    747  CLHTKNKKRLKSQGKNCKKLAKNLLKEPENCNNF  780

NRL1_Spo     605  NLSEEKPQVNKIVKKILKKYDSS  627

Consensus_aa:   ............ps............................s.+.h.b...bhcpp.psh.........
Consensus_ss:   hhhhhhh   hhhhhh   hhhhhhhhhhhhhh   hhhhhhhhhh

Conservation:   5   5   5 6 

CWF4_Spo     329  EESAGDINTIRETYEKAIAKVPEVVEKNAWRRYVYIWLNYCLFEEIDVKDVDRARKVYQEALKLIPH  395

SYF3_human     501  VESDAEAEAVREVYERAIANVPPIQEKRHWKRYIYLWINYALYEELEAKDPERTRQVYQASLELIPH  567

CWF3_Spo     362  LEDDSEKVVQVYTDAIKNVNPKLAHGSLGKLFSEFARFYENFDDLEQSRIIFEKATHVPYK  422

SYF1_human     367  HQGRPREIINTYTEAVQTVDPFKATGKPHTLWVAFAKFYEDNGQLDDARVILEKATKVNFK  427

NRDE2_Cele     852  KEIKMEEGVVDDVKFDVILLKKDKERVQTI  881

NRDE2_human    781  CLWKQYAHLEWLLGNTEDARKVFDTALGMAGSREL  815

NRL1_Spo     628  VSVWNTYAQLEHLSGAFTMAETIFKTIFQIHASQLR  663

Consensus_aa:   ...................................l@.p@t.hbc....sh.sc.lhp..hph..p...
Consensus_ss:   h   hhhhhhhhhhhh   hhhhhhhhhhhh h   hhhhhhhhhhhhhh 

Conservation:   5   5  5   5 

CWF4_Spo     396  KKFTFAKLWLMYAMFELRQRKIDVARKTLGRALGMCPKPKLFRGY  440

SYF3_human     568  KKFTFAKMWILYAQFEIRQKNLSLARRALGTSIGKCPKNKLFKVY  612

CWF3_Spo     423  TVNELAQVWIDWAEMELRHQNFDAARKLIGDAVHAPRKSHISFFDESLSPQVRLHKSSKIWMYY  486

SYF1_human     428  QVDDLASVWCQCGELELRHENYDEALRLLRKATALPARRAEYFDGSEPVQNRVYKSLKVWSML  490

NRDE2_Cele     882  RDKIRDMIDIAIPKSTEKLIQSADSSLPTLQLHLYANVLRGRLSILNQN  930

NRDE2_human    816  KDSDLCELSLLYAELEVELSPEVRRAATARAVHILTKLTESSPYGPYTGQVLAVH  870

NRL1_Spo     664  YIDNLNVYKNWAFRKLLINDTEGCLVIIKCLLFPGDKSLTSDNNRASEML  713

Consensus_aa:   p..phspl.h.htb.clc.p.......hs.t.+hl.phh..ss...................p.plh..h
Consensus_ss:   hhhhhhhhhhhhhhhhh   hhhhhhhhhhhhhh   hhhhhhhh



Conservation:   5   5   7 

CWF4_Spo     441  IEFEDAIKQFDRCRILYEKWILYDPE  466

SYF3_human     613  IELELQLREFDRCRKLYEKFLEFGPE  638

CWF3_Spo     487  LDLEESVGTIETTRKLYDRVFELKIA  512

SYF1_human     491  ADLEESLGTFQSTKAVYDRILDLRIA  516

NRDE2_Cele     931  ALEETRDVFCKEILGIHTSEFESDEALLLALDQGLNE  967

NRDE2_human    871  ILKARKAYEH  880

NRL1_Spo     714  FGMLENCASKEELLYVCLIYTIWTHCTDMDSMDNCVYLCIQKFESYGWGASSEMECYFS  772

Consensus_aa:  h.bbpp.............pbp....c.lYp.h.p..................................
Consensus_ss:   hhhhhh   hhhh   hhhhhhhhhh 

Conservation:   5   55   5 

CWF4_Spo     467  ACAPWLGYAALETKLGDSDRARALYNLAVNQPI  499

SYF3_human     639  NCTSWIKFAELETILGDIDRARAIYELAISQPR  671

CWF3_Spo     513  TPQVVVNYANLLEENAYFEDSFKIYERGVALFS  545

SYF1_human     517  TPQIVINYAMFLEEHKYFEESFKAYERGISLFK  549

NRDE2_Cele     968  LLEHCKEKDNLESVDSIPELPRAEALCEALKVVAVFVFLDKMAFSRRAVDCLIANAITKFEQFEAK 1033

NRDE2_human    881  ALQDCLGDSCVSNPAPTDSCSRLISLAKCFMLFQYLTIGIDAAVQIYEQVFAKLNSSVFPE  941

NRL1_Spo     773  YCSLIFYYQATTLQFYNLPKVRPFFEKGVTLFS  805

Consensus_aa:  h.p..........................hb.@h.h..b.........h.s..h@p.shsb.p......
Consensus_ss:   hhh   hhhhhhhhhh   hhhhhhhhhhhhhh 

Conservation:   5  5   5   566   5   6  66 

CWF4_Spo      500  LETPELVWKAYIDFEFEEMEYGKARSIYQQLLRTAPHVKVWISFANFE  547

SYF3_human     672  LDMPEVLWKSYIDFEIEQEETERTRNLYRRLLQRTQHVKVWISFAQFE  719

CWF3_Spo      546  YPVAFELWNLYLTKFVKRYQGTHMERTRDLFEQALEGCPPEFSKSIYLLYADFE  599

SYF1_human     550  WPNVSDIWSTYLTKFIARYGGRKLERARDLFEQALDGCPPKYAKTLYLLYAQLE  603

NRDE2_Cele    1034  KNDFNRGTYEKYCDQIDLKFITDTLITFFSHKKHRFIYNENFKKLIFQASQAFPCDSKYAKML 1096

NRDE2_human    942  GSGEGDSASSQSWTSVLEAITLMHTSLLRFHMKVSVYPLAPLREALSQALKLYPGNQVLWRSYVQIQ 1008

NRL1_Spo      806  ANTAIWEVYIFFESKLRQENKPKIRAMKILKSASNAVVTACWYLFYVAVQ  855

Consensus_aa:   ............hss.b.lhphhhsbbh..........h..ph+plhpph.p.hs......h@l.@hphp
Consensus_ss:   hhhhhhhhhhhhhhhh   hh hhhhhhhhhhhh   hhhhhhhhhhh

Conservation:   5   5 

CWF4_Spo      548  IAHLEDDDEEPPNEEVASPTAVVRARNVFENALAHLRQQGLKEERV  593

SYF3_human     720  LSSGKEGSLTKCRQIYEEANKTMRNCEEKEERL  752

CWF3_Spo      600  EKFGKAKRSISILEKAADKVKTADRLAIYNVLLVKVALNYGVLATRTVYEKAIESLSDSEVKDMCL  665

SYF1_human     604  EEWGLARHAMAVYERATRAVEPAQQYDMFNIYIKRAAEIYGVTHTRGIYQKAIEVLSDEHAREMCL  669

NRDE2_Cele    1097  GELHSSGRLQVMKLQGFTDSRNSILNAKRDQQFDPELETRLLMNSLTIMFSWMNA 1151

NRDE2_human   1009  NKSHSASKTRRFFDTITRSAKPLEPWLFAIEAEKLRKRLVETVQRLDGREI 1059

NRL1_Spo      856  QIEPTNSQYFLRTLDITLNNEKLKSVAKFWRIYLKILNLRLNGTEWVSAITTKALASCPCNKGVCM  921

Consensus_aa:   ..c..p.................s.....b.............sh..hp.lh.ptl...hp..ph.....
Consensus_ss:   h h   hhhhhhh hhhhh h   hhhhhhh hhh hh   hhhhhhhhhhhh hh   hhhhhhh

Conservation:   5  5   5 

CWF4_Spo      594  VLLEAWKQFEAMHGTEDTRKHVSSLMPQVVKKR  626

SYF3_human     753  MLLESWRSFEEEFGTASDKERVDKLMPEKVKKR  785

CWF3_Spo      666  RFAEMETKLGEIDRARLIYIHGSQYCDPRVETDYWKAWQEFEIRYGNPEETVKEMLRIK  724

SYF1_human     670  RFADMECKLGEIDRARAIYSFCSQICDPRTTGAFWQTWKDFEVRHGNEDTIKEMLRIR  727

NRDE2_Cele    1152  ANRIGDAGNQILYKNWKREAANTRDPAIWRQVIRVA 1187

NRDE2_human   1060  HATIPETGLMHRIQALFENAMRSDSGSQCPLLWRMYLNFL 1099

NRL1_Spo      922  DVIDLLLKKEMESRAIICYIIMLEKGFRVHNEIRRDVLKFE  962

Consensus_aa:   .................................hhpshppb.hp......s...h.+ph.......l+b.
Consensus_ss:   h   hhhh   hhhhhhhhhhhhh   h hhhhhh   hhhh

Conservation:   5   6   5  5 

CWF4_Spo      627  RRLEDGSFEEYLDYLFPDTATDQGDKMRKMLELSRKWKEEMAKKKLE  673

SYF3_human     786  RKVQTDDGSDAGWEEYFDYIFPEDAANQPNLKLLAMAKLWKKQQQEKEDA  835

CWF3_Spo      725  RSVQTKFSTDSLHIAKRAAKIESAAAPMDPMEQLEMEKSEGPKAL  769

SYF1_human     728  RSVQATYNTQVNFMASQMLKVSGSATGTVSDLAPGQSGMDDMKLLEQRAEQLAAEA  783

NRDE2_Cele    1188  SKLSQKILKDDAYTRARGQCTWALNLHFDYIEAKTVRKNGDLMEMIYLILEQSMG 1242

NRDE2_human   1100  VSLGNKERSKGVFYKALQNCPWAKVLYLDAVEYFPDEMQEILDLMTEKE 1148

NRL1_Spo      963  RGDELILSPN  972



Consensus_aa:   pplp......ss@...............s..b.cs....................hpblbbb.pp.....
Consensus_ss:   hhhhh   hhhhhhh   hh   h   hhhhhhhhhhhhhh 

Conservation: 

CWF4_Spo     674  A  674

SYF3_human     836  EHHPDEDVDESES  848

CWF3_Spo     770  AGFVLSKSNPQETSKITGEEN  790

SYF1_human     784  ERDQPLRAQSKILFVRSDASREELAELAQQVNPEEIQLGEDEDEDEMDLEPNEVRLEQQSVPAAVFGSLK  853

NRDE2_Cele    1243  QEHSLFVTDEEYMKTQQEIGLQYSESGR 1270

NRDE2_human   1149  LRVRLPLEELELLLED 1164

NRL1_Spo            

Consensus_aa:   ......................................................................

Consensus_ss: 

Conservation: 

CWF4_Spo          

SYF3_human          

CWF3_Spo          

SYF1_human     854  ED  855

NRDE2_Cele          

NRDE2_human          

NRL1_Spo          

Consensus_aa:   ..

Consensus_ss: 

igure S2. NRDE-2 like proteins are structurally similar to Syf  and Syf  splicing factors. NRDE-2 proteins from 
S. pombe (Spo), C. elegans (Cele) and H. sapiens ( uman), and t e Syf  and Syf  factors from uman and S. 
pombe (C f  and C f ), ere aligned using R M S D as described in igure S .
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igure S . Silver staining of Nrl  associated proteins. rotein comple es associated it  Nrl -  ere 
isolated by tandem affinity purification.  l of protein fraction eluates from purifications carried out it out 
RNase  treatment (lane - , - RNase ) or in presence of RNase  (lane - ,  RNase ) ere separated 
by  SDS- GE and visuali ed by silver staining. Molecular eig t markers (M  marker) are indicated 
on t e left.
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igure S . nrl  cells maintain a functional DN  damage c eckpoint.  and nrl  strains arboring a C k  
protein tagged it  Hemagglutinin (H ) at D .  ere gro n for  ours in E S in presence ( ) or absence 
(-) of MMS ( . ). evels of p osp orylated C k  protein ere analy ed by estern blot using t e mouse 
monoclonal anti-H  antibody 2C  ( bcam). ctivation of C k  results in a slo er migrating species because 
of p osp orylation of S  by Rad .
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Figure' S . nrl1Δ& rad3∆& and nrl1Δ rad52∆  strains' are' hypersensi5ve' to' low' levels' of' genotoxic' 
agents.' (A) Fivefold' serial' dilu5ons'of'WT'(TH2094)'and'nrl1Δ'(TH8103),'rad3∆& (TH585)'and'nrl1∆& rad3∆& 
( H8127)'on'YE6S,'methyl'methanesulfona e'(MMS),'bleomycin'(Bleo)'and'camptothecin'(CPT)'at'indica ed' 
concentra5ons. (B) Fivefold' serial' dilu5ons' of' WT' (TH2093)' and' nrl1Δ'(TH8340),'rad52∆
( H2129)'and'nrl1∆&rad52∆&(TH8698S9)'on'YE6S,'and'YE6S'with'0.2µg/ml'bleocin.'
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igure S . R-loop accumulation in , nrl  ra  ra  ra  nrl  and ra  nrl  prior and 
upon R e posure. C romosome spreads ere immunostained using t e S .  antibody as previously 
described 2 . s negative control, t e spreads ere pre-treated it  RNase H (  RN se H) before 
immunostaining. R  e cells ere e posed to  Gy of R before immunostaining.
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Figure S10. Quantification of R-loop positive nuclei in WT, nrl1Δ, rad51Δ, rad52Δ, rad51Δ nrl1Δ 
and rad52Δ nrl1Δ 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.  
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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 Nrl1-

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 µL 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 NaCl, 10% glycerol, 

0.1% NP-40, 0.5 mM EDTA), resuspended in 2 mL of TCBA supplemented with 

RNase A (5 μg/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 µl 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 β-mercaptoethanol), 200 µL 

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 β-mercaptoethanol). 

The proteins were step-eluted using 200 µL of elution buffer (10 mM Tris pH 8.0, 

150 mM NaCl, 1 mM Mg-acetate, 2 mM EGTA, 1 mM β-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, 5µm particle size, 300 µm i.d. x 5mm, Dionex, Thermo Fisher 

Scientific) equilibrated with 0.1% TFA and separated on an analytical column 

Acclaim PepMap RSLC C18, 50 cm × 75 µm × 2 µm, 100 Å, 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 Nrl1 in proliferating cells.  
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