Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

Supplementary Figure 9.

Clustal Omega sequence alignment of DNA-PKcs from selected metazoan plus putative archaeon sequences.

Panel A: Percent identity of sequences from Clustal Omega. Common names or alternative names are shown in (). See Supplementary Table 1 for full
list of organisms, scientific names and accession numbers.

Sequence % ldentity
HUMAN 100
MOUSE 79.3
TASDEVIL (TASMANIAN DEVIL) 76.76
PLATYPUS 75.02
TURTLE 71.88
ALLIGATOR 70.21
OSTRICH 69.71
GECKO 68.56
CANARY 67.87
CAECIL (AMPHIBIAN) 67.78
SNAKE 66.5
LATIMERIA (COELACANTH) 65.32
STERLET (FISH) 64.8
XENOPUS 64.31
BAMBOO (BAMBOO SHARK) 62.27
MILII (ELEPHANT SHARK) 62.14
GAR (FISH) 61.77
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DANIO (FISH) 58.42
BELCHER (LANCELET) 43.4
HEMICHOR (HEMICHORDATE) 42.68
STARFISH 42.66
NEMATOSTELLA (SEA ANEMONE) 41.94
PISTILLATA (STONY CORAL) 41.19
STRONG (SEA URCHIN) 41.07
SOFT CORAL 39.91
POMACEA (SNAIL) 39.44
CRASSO2 (OYSTER) 39.43
PRIAPULA (WORM) 39.18
TRICHOPLAX (PLACAZOA) 39.01
CAPITELLA (WORM) 37.29
SPONGE 35.34
SCORPION 34.27
MUDCRAB 29.72
“PUTATIVE ARCHAEON” 21.58
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Panel B: Clustal Omega alignment of DNA-PKcs sequences from selected metazoans compared to putative archaeon.

Sequences of selected Metazoans as in Supplementary Figure 2. Sequence names and classification are described in Supplementary Table 2. Colours
representing identical, conserved and semi-conserved amino acids, phosphorylation sites and catalytic amino acids are as in Supplementary Figure 2.
The putative archaeon sequence accession numbers and the amino acid numbers of the corresponding start and end of each putative archaeon
sequences on the human DNA-PKcs sequence is indicted below and in bold/black on the alignment in the following pages.

Archaeon Accession number

Corresponding residue number
in human sequence (start)

Corresponding residue number
in human sequence (end)

RYG70452.1 1 291

RYG70451.1 292 1187
RYG70450.1 1188 3274
RYG70459.1 3275 4128
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CLUSTAL O0(1.2.4) multiple sequence alignment

ARCHAEON
MUDCRAB
SCORPION
SPONGE
CAPITELLA
DANIO
MILIT
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS02
POMACEA
TRICHOPLAX
NEMATOSTELLA
PRIAPULA
SOFTCORAL
PISTILLATA
HEMICHOR
BELCHER
STRONG
STARFISH

MLLAGAGGSSGD

Start RYG70452.1 (Archaeon)
———————————— MEALEKLLEDLNRAVETEDA---AVNVASLVASVEA
——————— MASGGREDVODLLEKLHHYSSGN-ELRNARSARDIVVDISE
———————— MNEITNSLHENILKLNDFIKYQK--DEGHSSIYVIKDISE
——————————————— MESRIESLWESLHSSS-PORYSYATEVASDLYS
——————————— MARALQEQLAGLVSDTRGOPGVVNARISHESIGNIGA
————— MAADTSTVGGIQGYLLKLHSSLEDTVSTNVAIVCHDIIGDLGOQ
————— MAGPRGAAADTLSAFSKLHHLLSLSDVKSAAAESHSAVGSISR
MADGMRRHGAGVGLEVERRLOQOLEQLLSAQDSRSAAVESHSIVANLTH
GODGVASGPAESAAGILGRLHQLHGLLSLE-SGVGAEGAHSLLHNLAE
--MAQPGSCSVGAGGIOGNLHKLHSFLNATDAKSAAVESHNLIGNLGOQ
———————— MAGSGGGIQGYLOKLHSLCGAGETKQTALECHSVIGDLGQ
--MAEEGGSPSAVEGVSGYLLKIHSSLTVTDTKSAAIEISNIFGNLRQ
--MSVPGVGGDSAVGVOGSLLRLHASLSSKDPGLEAPVAQSLIRSLGE
MASSL-VVP---GGGLOGFLLOLHDALRSSDASSAALRGCSLIRSVAE
———————————— MAGVOQOCLLOLHRCLOPGDAGGSALHGYSLLRSLAE
———————————————————————— MCS-----—=—=———-——--ERKDVQA
MAISLPVA----GGGLOGLLLOLHGTLOSPDPASAALHGHSLIRSMAE
MAAALPVGG---GGGIQGSLHQLSCALODPDPGTAALRGYHLIRGVGE

———————— MAGSVPGPQGSLLRLORFLEAEDAGVSAVAAYQLIRGLGQ
——————— MSGAGGGGLQGSLLOLOQELLSGGDPGSAALAAYHLIRAVGQ
———————— MAGSGAGVRCSLLRLOQETLSAADRCGAALAGHQLIRGLGQ
———————— MAEEGTGVRCWLLQLQEFLSAADRCSAAGASYQLIRSLGQ
—————————— MAASLLEDNLRSLNECLTTAD-NSSKEQADSIVADISQ
——————————— MAATLEETLRSLHDQ---SG-ASAYNLANGLIADIRQ
——————————— MASNLSQLLIDLHALLNLQS-LHRGSNACDIASDITV
——————————— MTDAISSRLLOLNELVAEES-PLRGOQESAEIARDLRA
————————— MARTVRIEDHVQTLLESLPSDDREADPETAHSAVADLAH
——————————— MTEVIDRYLNQLNSCLKTLSSSRG-REAADICRDLRL
——————————— MSDLLNRYLTHLHSL-PSLDAPHCGLDASNTVVDLGS
—————————— MPSSELQSKLAELLELLDETPSQHTVEKCNNLIGEIQL
————————— MAGSGSLEARLSELHALLAESDHGHGAVEAHNLVADIAQ
—————————— MAAAELOQRHLAELHEVIDSGGTAHGPETAQDLVVDIAQ
—————————— MATADLPVKLSELNGLISTKSGLHVAEKAQDLVVDLGH
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RYG70452.1
ARCHAEON IGSGDL-DELD-LDTCTALLLAPGQTASGLPGDSIKRSSSSLMQFLTASLRMKD—————— 85
MUDCRAB HLTKDL-SPVQ-YDLFLSHVFG-=====—————————— ERGITAFGTRVTKEQA-————— 76
SCORPION ICLRGTLSEKD-RSYVCSLILR-=====————————— KEDGFLHFLEEAVNTPS—————- 76
SPONGE LCVEQI-TESE-LAYSSSVLEFN=-==———————————— PDNGILKFLHDVTTLEE-————- 69
CAPITELLA ICLNDV-NASD-VDLAYSVIFN=-====—=————————— HETGLIKFLKKIIQONDE-————-— 74
DANIO ECMITK-NENE-LVLOTSLLFA=-==——==—————————— KEEGLLSFLRRSLSTEKLGTTGV 86
MILIT DFRCSSSSDSQ-LALQOSSMVFS—===——————————— KDTGLLVFLRKSLRFEE—————— 81
BAMBOO DLLH-NTHESR-LALHSSLVFS—==———————————— KDEGLLIFLRKSLSNEE—-————— 85
XENOPUS ECLVSALGSSA-LDLNTSLIFS—=====—=———————=— KEFGLLAFVRKSLSSDE—-————-— 97
STERLET ECMVSK-NENE-LVLOTSLIFS—=====—=———————=— KENGLLAFVRKSLNIED-————- 83
GAR ECLVVR-NENE-LVLRSSLLFS======—=———————— KEDGLLSFLRKSLSSED—————— 77
LATIMERIA ECLVTS-DENE-LALHISLIFS—=====————————=— KEIGLLIFLRKSLSSEE—-————-— 83
CAECIL ECVTSS-GDSV-LALQTSLIFS—=====—=———————— KEHGLLAFIHKSLGIEE-————- 83
SNAKE SCVTSS-GDDI-LALQISLVFS—==———————————— KENGLLSFIYKSLSVED—————-— 81
CANARY TCLASL-ASGE-QALHLSLVFS—===——————————— QEYGLLVFIHRSLTIEE-————- 73
OSTRICH DCVF----ALP-AALHISLVFS—==———————————— QEYGLLVFIHKSLGIEE-————- 44
GECKO TCVTSS-GDVA-RALQTSLVFS—===——————————— KEDGLLAFIHKSLSTEE-————- 81
TURTLE ACVTST-GDGA-RALQTSLVFS—=====————————— KDNGLLVFVRKSLSMEE - ————— 82
ALLIGATOR PVVIRT-GDSA-QALQSSLVFS—====—————————— KDQGLLVFIRKSLSIEE-————- 42
PLATYPUS ECVLSA-GPAV-QALHTSLVFS—====—————————— KEFGLPVFIRKSILDIEE-————- 77
TASDEVIL EGVLCT-SPAV-LALQTSLIFS—=====————————— KEFGLLVFIRESLSIEE-————- 78
HUMAN ECVLSS-SPAV-LALQTSLVFS—==—=—————————=— RDFGLLVFVRKSLNSIE—————-— 77
MOUSE ECVLST-SSAV-QALQISLVFS—=====————————— RDFGLLVFIRKSLSIED-————- 77
CRASS02 ICINES-TDKD-IDLCCSVLFD======————————— KRKGLVSFLSETVTKEE—-————— 74
POMACEA ICLHEI-SEKD-RDYCCSALFD======——=——————— KDIGITAFLQKVAAKDE-————-— 70
TRICHOPLAX LCLOTA-SDAE-KAYCSSALFG-========—=————=— ODYGVVTFLRKSIGLDD—-————- 73
NEMATOSTELLA HCSQLR-DESELGARCSSILFD=-======———————— DRKTGIIRFLHKTIANQE-————- 74
PRIAPULA KCLODI-SKRD-VDLTCSVLFS======————————— EDRGVLIFLRRAIPLDE-————- 76
SOFTCORAL YCIENI-NETQ-LAYCSSLLFN=-====—————————— ODDGLITFVKAVVQLDE-————-— 73
PISTILLATA FCLENV-SSSE-QAYYSSLLFS——————————————— GETSIVSFLRKVITLDE-————- 73
HEMICHOR ICLRTT-SENE-LAYHCSVVFH-=-====————————— KETGILLFLKKTITIDQ-————- 75
BELCHER ICLRHT-AERD-VAYCCSVLFQ======————————— ESTGITAFLRKTVTLDQ—-————- 76
STRONG LCLNQT-RENE-LAFCRSELFQ=-=====—=—=——=————— KETGIITFLQKAVSKDE-————— 75

STARFISH LCLROQL-SENE-LAYCCSQLFN=-====—————————— KDNGILVFLNKAIPKDE-—-——=-— 75
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RYG70452.1

ARCHAEON RDIVRAKVHAVKFLAVYVKKQIKYVM--—--IYAEKLAIDLIQLFKMEDSSEVKAALLLPV 141
MUDCRAB ——FVDVRNSTLDLIITLLMKDTKKII--—--KYVGDITNYTLFLYNADKSTKVCAHALEAF 130
SCORPION —-LKDSLIEALQFLNLFLINIGNKVV----QYGITVKDVVFSIFLRNQLAKVKILALSAL 130
SPONGE —-FASCKEELLKLLSNFVKNLSRRVL----SHIVPITDVCVFIFMREKSAKVKNATLNLL 123
CAPITELLA —-FEGCKCEILELLKTFISKFPGKVH----PYAVDVKDACLQLITRDRRARVKNNATPLL 128
DANIO EILRETRVEIMNFLGAFLORMSATVRGWEKNYAVELKDTCIVVYTKDKSAKCRNPALDLL 146
MILIT ——-FRDSREDVLKLLSEVVERIGEAVG----RYACDIKGTCVVVYTKEKAAKCKAAALDLL 135
BAMBOO ——-FRDCREEVLKLITAFVEKIKETVG----PYALDIKDVCLVIYTKEKAAKCKVAALDLL 139
XENOPUS ——-FKDCREEALKFLYTFLEKIGSNVQ----PYAMDIKTLCVIVYTKDRAAKCKIPSLELL 151
STERLET ——-FRDTREEALKLLTTFLDRIAHKVNGWEKNYACDIKDTCLVVYTKDRAAKCKVSALELL 141
GAR ——-FRDVREEVLKLLSTFLQRITQSVKGWERNYAVDIKETCLVVYTKDKAAKCRVPALSLL 135
LATIMERIA —--FRDNREEILKFLTAFVEKIGOKLN----PYACNVKLILFPVFFFF—-———— FIFIFFTY 132
CAECIL ——-FRDCREETLKFLCIFLEKIGQKVQ--—--PYACDIKNTCVVVYTKEKAAKCKVPALELL 137
SNAKE —-FRECREEALKFILAFVEKIGPKIQ----PYAQDVKRICVTAYTKDRSAKCGIPALELL 135
CANARY ——-FRDCREEALKFLCVFMEKVGDKIH----PYACNIKQTCLSVYIKERTAKCKISALELL 127
OSTRICH ——-FRDCREEALKFLCAFLEKIGEKVH----PYACNVKQTCISVYTKERAAKCKIPALELL 98

GECKO —-FRECREEILKFLCAFLEKIGEKIH----LYAHDVKRTCIIVYTKDKSAKCRIPALELL 135
TURTLE —-FRECREEALKFLCAFLEKIGQQVH----PYAHDIKQTCISVYTKEKAAKCKIPALELL 136
ALLIGATOR —-FRDCREEALKFLCTFLEKIGQGVH----PYACDIKQTCISVYTKDKMAKCKIPALELL 96

PLATYPUS ——-FRDCREEALKFLCIFLEKIGQKIE----PYSYDIKSVCISVYSKDRAAKCKIPALELL 131
TASDEVIL ——-FRDCREEALKFLCIFLEKIGQKIE----PYSLGIKSVCTSVYTKDKAAKCKIPALELL 132
HUMAN ——-FRECREEILKFLCIFLEKMGQKIA--—--PYSVEIKNTCTSVYTKDRAAKCKIPALDLL 131
MOUSE ——-FRDCREEALKFLCVFLEKIDQKVM--—--HYSLDIKNTCTSVYTKDRTAKCKIPALDLL 131
CRASS02 —-FQTCKQKILEFLSEFVQRIGKKII----PYVFDIKDVCVSLFFRERLAKIKNLSVPVL 128
POMACEA —-FQSTKTNLLDFIGDFLQKVGKKLL----PYAIDIKEACVSAFSRDKYAKVKNSALGVL 124
TRICHOPLAX —-LDKCKEDLLKLITAYMEKIGGKIS----PYAVQIKDVCISLFTRDKAARVKNATFPPL 127
NEMATOSTELLA ——-FVECKTELLKFLQSYLGQLNTRVN----PYAVAIKDICMKLLFQESSSKVKIETFLPL 128
PRIAPULA ——-FKLAKKELLQLLHSFINKGQTRIL----TYAVDIKDTCLAVFSRDRQADVKNATFPLL 130
SOFTCORAL —-FAKCKEVILSFLAEYIAKVKTRIS--—--PYATDIKDICLKLFTKDKNARVKNETFEVL 127
PISTILLATA —-FQDAKIELLKFLQSYVMKMGKKIN----PYVVEIKDICLKIFSQDHSNKAKAETLPLM 127
HEMICHOR —-YVSSKERILEFVYNFMIRADKKIV--—--TYALDIKDVCLSLFTRDKMAKIKNRTFPIL 129
BELCHER —-YLPAKVETLSFLLAFLEKIGRKIQ----PHAVEVKEVCMAVFSRDRLSRVKCATFPVL 130
STRONG —-YGGSKVQTLEFLLGFVQKAKELVL----DHAKDIKDVCMSLYTRDKLAKVKAKTFPLV 129

STARFISH —-LKGSKEQLLEFLHAFLLKAGSRLL----ARTVEIKKICISAFMRDKSAKVKTKTFPVL 129
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LPDTVLEKVYELLGVLAEVQPTEMLD--NSEKLYRAYLNELK-—=—=—~— IOMTSATR-QPK
LSDTVLEKVYELLGILGEVQPCEMTY--NSEKLFKAFLGELK-——=——~— AQMNSSTR-NPK
IPDTVLEKIYELLGVLGEVQPSDMLN--NSEKLYRAYLSELK-=———— SOMTSATR-EPK
IPDTVLGNIYELLGVLAEVQPSDMTD--NSEKLYRAYLGELK-=—-——- SOMTSTTR-EPK
LPDTVLEKVYELLGVLGEVQPSEMLH--NSEKLFRAFLGELK-——=——~— TOMRSTTK-EPK
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LPASVKESIYVILGLLAEIYPEHMTQ--YAGKLVDIYLRALK-——=——— AEMTSKTK-KPE
LVPTVKGNIYFLLGVIAEVYPEDITQ--DSDRLVGLYVSALK-—=——~— AEMTSKTK-KPE
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KKSSVSYGIYSLLGTLAEYFPEYMVD--KADRLVQIYVGVLK-——=——— AE-MRKSG-KPD
HSSTVKYWLFSLLGTIAKVFPECVIS--HSDHLVKHYVSVLKLENLIPMOMTRKTK-KPD
LAATVKHGIYHLLGVFAQYYPELMTK--YSDRLLNVYMKALK-——=——~— DOMLSKTK-QAE
TTATVKSGALSLLGVISEVYPDLMVOKDHPDRLLKVYISMLK==-—==—-— EQOMESRTR-KPE
LSOSVKLGIYQTLGAFGEYYPOQLMMH--YSDRLFNVLVSTLK-—=——~— QOMTTKTK-KPE
LSQTVKQGIYCLLGVLAEIYPVLMSG--YSERLLSVYIATLN-————— QOMTSKTR-KPE
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FPATAGAFSCLDKCLYHFEARYV--—--NSTELWKYLLOAAQSSA--QEDTSRFSAAGKAIL

LIALAGVLRGLTLYLFNFPEGIDDDPLLYKTLFEHVRKALNPNL----DLHRRDAQRAAL
SSITIVGCLOGLNEFMYQFPLODTEDTEKAYQLFKFIRIILSKR-———— DVKTYDMAKASL
LPIISGCLYGLTAYLNNFSQSASEGSVYAQDIYKYTRMAIDPLA----NLTRYEVPRAGL
YVLIAGCLOGLTHFMVNFTQSADEGAEHAYSIYKYCVKTMDONI----KKKRYEMPKASL
LPVVAGCLKGIAALMVNFTKSVEEDPAASKEIFDYALKAISPQT----DIKRYAVIFAGL
FLVVSGCLRGLTALMINFTKSMEEDPKASKDIFDYALKAINPQI----DLKRYAVPLAGL
FLVVSGCLRGLIALMVNFTKSIEEDPRTSKEIFDCAVKAINLKI----DIKRYAVPLAGL

FPVIAGCLKGLSALMINFTKTMEEDPRTSKEIFDYTVKAISPQV----EMKRYAVPSAGL
LPVVAGCLKGLTALMINFTKSMDEDPKSSKEIFDFALKAISPQT----EFKRYAVLLAGL
LPLVAGCLKGLTALLVNFTKSMSEDPKTSKEIFDYALKSISPQT----EFKRYAVLFAGL
LSVVAGCLRGLTALMINFTKSVDEDPKTSKEIFDYAVMAISPQV----DLKRYAVPLAGL
LSVVAGCLKGLTSLMINFTKSMDEDPKVSKEIFDYSVKAISPQV----ELKRYAVPLAGL

FPIVAGCLKGLTALMYNFTKSMDEDPRTSKEIFDFAVKAISPKI----DLKRYAVPLAGL
LPLVAGCLRGLVALMYNFTKSVDEDPQTAKEIFDFAMKAINPQV----DOKRYAVPLAGL
LPIVAGCLRGLAALMYNFTKSEDEDPQTSKEIFDFAMKAIRPQI----DOKRYAVQLAGL
FPVVAGCLKGLTALMYNFTKSMDEDPQTSKEIFDFAVKAINPQV----DLKRYAVPLAGL
LPVVAGCLKGLTALMYNFTKSMDEDPHTSKEIFDFAVKAINPQV----DLKRYAVPLAGL
LPVVAGCLKGLTALLYNFTKSMEEDPRTSKEVFDFSVKAINPQV----DLKRYAVPLAGL

LPVVAGCLKGLSALMCNFTKSMDEDPQTSKEIFDFAVKAISPQV----DLKRYAVPLAGL
LPVVAGCLKGLSSLMYNFTKSMDEDPOMSKEIFDFALKAISPQV—----DLKRYAVPLAGL

LPVLAGCLKGLSSLLCNFTKSMEEDPOTSREIFNFVLKAIRPQI----DLKRYAVPSAGL
FPVLAGCLKGLSSLLCNFTKSMEEDPQTSKEIFGFTFKAIRPQI----EMKRYAVPLAGL
LSVISGCLEGLASCLVNFTED--EDSONSYETFKFARMAIDPDI----NYTRYDVPRAGL
FPVIVGCLOQGLTAYLVNFTQSSDEGSSHSYEIFNYARMAIDHKV----EFSKYDVPKAGL
MPVIYGCLRGLTSYLYNFTQSVEEESKYAADIYKYARLAIDPKV----ELPRYDLPKAGL

KOVIAGCLKGLSSYLVNFTQSAAEGSKFARDIYEFTRMAIDVQG----TLORYDVPRAGL
YPVITGCLRGLTCYLNTFSQSADEGSGYARDVYDCVMRCTGQHL—-—--SEIRRYDVAKSAL
MPVVAGCIRGLDSTLVNFTQSVNEGSIYAKNIYSFLRSAIDSKI----NYARYDVPRAGL
MLITAGCLRGLTSYLTNFTQSVSEGSKFAKDIYTYGRMAINPQV----SLSRYEVPKAGL
LPVVAGCLLGLTHLLVNFTQSVEEDGKHTLDIYKFASLAMDPST----QLLRYGVPEAGL
MLVISGCLEGLTHFLVNFTQSVEEGSAHSKDIYNFTRRAVSPQV----EMARYDVPKAAL
MTTVAGCLMGLSHLLVNFTQSVEENSKHCKDIYQYVTMSVDPGPYRSGTKPRYEIPKAGL
LTVIAGCLTGLGHYLVNFTQSVEEGAKHSKDIYRFARMAIDPTV----DHTRYELNKAGL

HE : : * :

? H .

RYG70452.1
307
266
270
265
269
287
276
277
292
281
276
273
278
276
268
239
276
277
237
272
273
272
272
268
265
268
270
272
267
274
270
273
275
270
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ARCHAEON
MUDCRAB
SCORPION
SPONGE
CAPITELLA
DANIO
MILIT
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS0O2
POMACEA

TRICHOPLAX
NEMATOSTELLA

PRIAPULA
SOFTCORAL

PISTILLATA

HEMICHOR
BELCHER
STRONG
STARFISH

End RYG70452.1
Start RYG70451.1 (Archaeon)
KLIRNHAQLFVNVIGELHSBEVAMNAQTS YGVVAAAHKSGKVALYKHSEGALQAVLAAA

ELISSHGDKFSAQLYDHYD=-=-—===—=—=—=— TLFPWFIQWCSSKNRDDYKAATPALDTFITVL
TLLSSHASLLAQFLYEDSM=-===—=—=——— NIYKIIEIWTNHSNREVRSLGYNALDAVFKQT
SLISRHAAQFREYLVKDSE-———————— HMYESLSSWSNHKNKECRVVAVNAIGSFFREV
GLMAKHSAQMSDYLLDDFK=-=======— DLYETLSYWTNHNNREMAHIGMLALEDFLVQI
KLFAKHSSQFGSCLMDHYI————————— SIFDVMSKHCGHINAELKKSSYTALESFLKQV
RLFTLHSSQFGTCLMDNYR————————— TVFEKMKKSCGHTNSEMKKASYSALESFLKQV
RLFTLHANQFKTCLLDSYQ=-=-—======— VLFETMSKWCGHTNIEMKKAGYAALESFLKET
NLLALHASQFSSYLMDDYQ-—===—==—— SLFEVISKWCGHTNGEMKKLAFAALDSFLKQT
RLFAKHAGQFSSCLMDNYR————————— SLYEVMSKWCGHTNIEMKKAGYHALEAFLKQV
KLFARHAEQFSSCLIDNYR-=-—===—=—=—— SIFEVMSKWCGHTNAELKRAGHSALESFLKQV
RMFALHANQFNTCLMDNYR-=-===——=—=— SLFETMSKCCGHANGELKRAGYAALENFLKQV
HMLATHASQFGSCLMDNYR-———————— SLYEVMSKWCGHTNADLKKAGHLALESFLKQT
HLFSKHAEQFSTCLLDNYV—-m===————— SLFHTMAKWCGHONAELKKAGHSALDSFLKQV
OLFIWHSAQFGALLLDNYV=-==—m=———— SLYEVMCKWCGHTHPELKKASYSALDSFLKQT
QLFGRHAAQFGTFLLDSYV————————— SLFETMCKWCGHTNQELKKAGHSALDSFLKQT
HLFSVHAVQFSTCLLDNYV—-—m==————— SLFEVMSKWCGHONAELRKVSNSALDAFLKQV
HLFSMHAAQFGTFLLDNYI-===—==——— SLFEVLSKWCGHTNAELKKGGHSALDSFLRQT
RMFGLHAAQFGTCLLDNYV===—==———— MLFEVMSKWCGHTNVDLKKAGHSALDSVLKQT
HLFTVHASQFGTNLLDNYV—-—m=—————— YLFEVMAKWCGHTNGELKKVAHSALDSFLKOQTI
RLFTLHASQFSTCLLDNYI--—=—=——=—=— SLFEIMSKWCGHTNGELKKIAHSALDSFLKQV
RLFALHASQFSTCLLDNYV—-=——=————— SLFEVLLKWCAHTNVELKKAALSALESFLKQV
RLLTLHASQFTACLLDNYI--===——=—=— TLFEVLSKWCSHTNVELKKAAHSALESFLROI
KLFSRHSAQFKSQLADDYQ--—==—=—=—=— GMYQKLKSWSKHNNRELLHLGTAAMEAFLTQT
OLFARHAGQFSQFLVDDYE-=-—==——=—— NMYTKLOAWSKHONRDVLHHGVAAMDAFLROQT
NLIAKHAAQFCDYISREAE-—==——=——— ALYEVIYRWCRHRNRDIRAAAFHALEEIMKOQT
NLLSRHAGQFQEYICTEHNVSL—-—=—=—— IVYPAIYRWCCHONRETKYAALDAMDSFLKQV
WLLAKHAAQLDRFLLADYK-—==—=—==—— AVYSCLRSWSRHHNRDVQIAGYAALEAVLKQT
NFLARHASQYKEYLTKDYE-——==——=——— SVYNTLFDWCKRKNKELRVKGFAALEAFLKQV
YLFAKHSAQFKEYIAKDYE--—==——=—— VMYGDLYRWCKHHNKETSYAAYAAMEAFFQQOT
WLLAKHAPQFNKYLLDDHE-—==——=—=—— EMYDKLFSWCQHHNRDMKSAGYASLEAFLKQV
WLLAKHAAQFNEYLMNDYE-——=——=—=—— DMYRKLYEWSQHPNRDLKOAGYAALESFLKQI
NLIRRHADQFNEYLYRDHE-—==——=—=—— MVYNRLKYWSHSHNSEMKWAGYDALQAFFKVV
NMFAKHSAQFGPYLYSDHQ-—==—=—=—- DLHEAFNKWSAHNNPAVKAVGFAAQEAFLOOI

HH *, : . . : . : .0

367
317
321
316
320
338
327
328
343
332
327
324
329
327
319
290
327
328
288
323
324
323
323
319
316
319
324
323
318
325
321
324
326
321
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ASYLVONMHTGSNAVKKTCDMVNKLLEAHLKVLODPGTLRSNSDDTVVALQGLNALSLAV
SNILELQSSED--KK--TVEIFKYLLOEYNKMLET----GKSTNQVSLAVKGYGLLSG--
SDMLEQNYEDS---C--KAEIFKFFIEKFQLMIKC----SENIRRVSTATRGFGYFAK--
STQISDPSISR--EL--GISNYKFFMKCFRSLMNDP---DINHRLLSTIAVKGYGHFAK--
SSALVTKVKEG-NRK--EGAVFKFFIQKFRDIMDNN---SSGSKEIATATKGYGYFAA--

ATLVAENIELH-—-=——=—- KSKLKFFMOKFCAITRTM---DSTNKELSIAIRGYGLFAA--
ATQVAENAHLH-=-=———- KDKLEYIMOQFYDITRTP---ESSMKELSIAIRGYGLFAA--
ALQVAEDAHLH-=-=—=—- KDKLQYFMOQFYSITRTM---ESSTKELSIAIRGYGLFAA--
AHLVASDAETH-—-=———- KNKLHFFMEQFYEITRKM---DSSNKELSIAIRGYGLFAA--
ALLVAENAELH-=-=—=—- KSKLEFFMRQFYTVIRTL---DSSTKELSIAIRGYGLFAA--
AVLVAENAELH-=-=—=—- KSKLKFFMOQFCSIIKTT---DSTNKELSIAIRGYGLFAA--
AAMVAENAELH-=-=—=—— KNKLEYFMKQFYGIIRTL---DSSNKELSIAIRGYGLFAA--
ASIVTHDAETH--=———- KSKLOFFMDQFYRITRKL---DSSNKELSIAIRGYGLFAA--
SSMVAKDVEMH=-=———=—— KSKLRFFMEEFYGIIRNM---DASNKELSIAIRGYGLFAA--
SLMVAKDAELH-=——=—=—— KSKLRFFMEQFYGTIRRM---DSSSKELSIAIRGYGLFAS--
SLMVAKDAELH-=——=—=—— KSKLOQFFMDQFYGIIRRM---DSSNRELSIATHGYGLFAA--
SEMVAKDAEMH-=———=—— KSKLNYFMKQFYSITRKM---DSSNKELSIAIRGYGLFAA--
SLMVAKDAEMH=-=———=—— KSKLOQFFMEKFYDITRKM---DSSNKELSIAIRGYGLFAA--
SLMVAKDAEMH-=———=—— KSKLKFFMEQFYSITRKM---DSSNKELSIAIRGYGLFAA--
SLMVAKDVELH-===—=—— RSKLOYFMEQFYEITRKI---DSTNKELSIATRGYGLFAA--
SLMVAKDAEAH-—————— TSTLRYFTEQFYGIIRNV---DSSSKELSIAIRGYGMFAG--
SNMVAKNAEMH—-=————— KNKLOQYFMEQFYGIIRNV---DSNNKELSIAIRGYGLFAG--
SFTVAEDAELH-=-———=—— KSRLKYFMEQFYGIIRNT---DSNNKELATIAIRGYGLFAG--

SEVLVTKAREG--KK--EAAMFKFFVTRFKEIMENS---SASAKEMSLATRGYGLLAA--
AEAITEKAKRG--IK--EGGIFKFFVQVFQTTMONS---SASSKEVSMAVRGYGLFAA--

AEYLVNEND----AA--NINIFKFFLKKFRSIIDSG---SSDAKELATATRGYGYFAA--
SEYIVLDEA-———-— E--AVNPKEDFIQRFRAITIDSD---SSTTQOMSTIATRGYGFFAK--
ASVLVEGGEET-ROR--DTIVFTFFVREFRTITIEA----GTDTRDVAIAVRGYGSFAT--

AECLVTEDFET-TVE--CGDIFKYFIKEFRRIINSN---ESLTREISTATRGYGYFAK--
SLYFVGRHG---DKS--DLAMFMYFIKTFRRIIDSV---LSDTROMATAVRGYGYFSK~--
ASMLVEEGNKD-KRN--KTTIFKAFIRKFRSITIDNR---ESGTREICIAIKGYGLFAA--
SDMLVARHEKENNKA--DLAVFKFFIREFRTIIDTT---EAGTREMSIAVRGYGFFAA--
SHMLVENADKK-RSS--DVAVLKYFIKSFRSTIDDA---SSSSKSLSTAIRGYGVFAA-—
AEILVERAAKR-DAS--DMAVFRFFVKRFRDIIDNP---QSDTRALSSAVRGYGYFAA--

: . : . : ek ., 22

RYG70451.1
427
367
370
367
372
386
375
376
391
380
375
372
377
375
367
338
375
376
336
371
372
371
371
370
367
368
372
374
370
375
373
377
378
373
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

RYG70451.1
ARCHAEON SPAPLGQYAFQLNYCCADVIRTVVEIGDHYNRYQRSSKGDSAESDEANGEGTAGNNQSAF 487
MUDCRAB -ACRIL-—————— LSPMEVHTMFLQV === == = = = —— m e 385
SCORPION ~VCKLY-—————— LTEKDVKYMLNDV = — = = = = e e 388
SPONGE -PCRLY-—————— GSMEDLHFMFGEM——— = — = — = — o e 385
CAPITELLA -PCKLY-—————— LTPKDVLEFMFNEM— == — = = — = o e 390
DANIO ~PCRVV—————m—— CPQDVDLMY TEL = === — = = = e e e 403
MILII ~PCKAV-——————— NSNDVDFMY TELi— === = = o o e e 392
BAMBOO ~PCKAV-——————— DSHHVDFMY TEL === — = == = — e e e 393
XENOPUS ~PCKAV-——————— NAKNVDLMY TEL = === == = o o e e 408
STERLET ~PCKAV-——————— CLGDVDFMY TEL = === — = = m o e 397
GAR ~PCKAV-——————— CPQDVDFMY TEL = — == — = = = o e e 392
LATIMERIA ~PCKAV-——————— CPEDVDLMY TEL === — = = = oo e e 389
CAECIL ~PCRVI-——————— NAKDVDFMY TEL = === == = o o e 394
SNAKE ~PCRVI-——————— NPKDVDFMYVEL—— == — = = — o e 392
CANARY ~PCKAT———————— HPEDVDNMYVEL = — == — = — e 384
OSTRICH ~PCKAT———————— RSKDVDYMYVEL === == = o e e 355
GECKO ~PCKAT———————— NSKDVDFMYVEL === == = o e e 392
TURTLE ~PCKAT———————— NSKDVDFMYVEL === == = o e e 393
ALLIGATOR ~PCKAT———————— NSKDVDIMY TEL === —mm o e e e 353
PLATYPUS ~PCRVI-——————— NPNDVDIMY IEL === —mm oo o 388
TASDEVIL ~PCKSI———————— NAKDVDFMY TEL = — == == = o e e 389
HUMAN —PCRVI-——————— T — 388
MOUSE ~PCRVI-——————— NAKDVDFMYVEL === == = — o e e 388
CRASSO2 -PCREF——————— LQOKDVQFMFSEM— = — = = — = o e e 388
POMACEA -PCSIF-—————— LEPADVTFMFSEM——— = — = = — — o e 385
TRICHOPLAX -PCKTL-—————— LKKDDVREMTMDI, = — = = = = — = — e 386
NEMATOSTELLA -PCKLF-—————— MTAEDVKFMFTEM— — == — = = = o e o e 390
PRIAPULA -PCKLF——————— LSEADVQYMFTDM——— == = — = — e e e 392
SOFTCORAL ~PCKVF——————— LKDEDIKYMFTS T === === — — o e e 388
PISTILLATA -PCKLF-—————— MQADDVRFMFSE I = — = = — = — e 393
HEMICHOR -PCKLF-—————— LSEDDVKFMFNEM— = — = = — = o e e 391
BELCHER ~PCKMF——————— LSESDVKFMFSEM——— == = = = — e 395
STRONG -PCKAF——————— MKEADVRFMFNE I = = — = — = —— m o e 396

STARFISH -PCKLF——————— MTDDDVKEFMFTEM— — == — = = = o e e e 391
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LVYCKSLFFCVVV————-— SYLFNATVHCLSGTGOGGKLVVLENTASDORLVQFLEELGVE
LSASHHAFYQSS——————— EMLENKLSNLPSYIEALADIICNMSTINVGIVENMLQOLALA
IKKSEQHCLNEE-=—=—=—— KILDERIQILPSFLDSLSSIVLOLOEISESSLNYLEKLAVF
VORSEQLFLASVDFTTSSSSVAFEERFLLPTFIEALANISKEIQNLPDVCLSSLOKLSVL
LHRSEQLFLSGA——————— EQONDDRIIGLHSFLGALASIVEELDQFSETFLFSLERLVVL
IQORCKOMYLTES—===—=—— DRDDDNVYQLPSFLDSIASVLVHLDRIPEVYTPVLERLLVV
IQRCKOMYLTEA-=——=—=—— DTEDDNVYQLPSFLDSIASVIFHLDKIPGVYTPVLERLLVV
IQRCKOMYLTEA-=—=—=—— DTEDDNIYQLPSFLDSIASVIFHMDKIPDIYTSVLERLLVV
IQRCKOMYLTEA-=——=—=—— DTEEDNVYQLPNFLOSVASVILHMDSIPEVYTPILERLLVV
IQRCKOMYLTET—=—=—=—— DTEDDNVYQLPSFLDSIASVIFHLDRIPEVYTPVLERLLVV
IQRCKOMYLTET—=—=—=—— DTEDDNVYQLPSFLDSIASVLFHLDRIPEVYTPVLERLLVV
IQORCKOMYLTET—=—=—=—-— DTEDDNVYQLPSFLOSIASVLFHIDRIPEVYTPVLERLLVV
IQRCKOMYLTEA-=—=—=—— ETEDDNMYQLPHFLOSIASVIVHMDSIPEVYTPVLERLLVV
LORCKOMYLTEA—-==——=— ETIDDHVYQLPSFLOSIASVIFHLDTIPEIYTPVLERLMIV
LORCKOMFLTEA-==———— ETIDDHLYQLPSFLOSIASVIFHIDKVPEVYTPVLEHLVVL
LORCKOMYLTEA-==——=—— ETVDDHIYQLPSFLOSIASVIFHLDTIPEVYTPVLERLVVV
LORCKOMYLTEA—-==———— ETMDDHVYQLPSFLOSIASVIFHLDTIPEVYSPVLERLIVV
LORCKOMFLTEA-==———=— ETADEHVYQLPSFLOSIASVIFHIDTIPEVYTPVLERLIVV
LORCKOMYLTEA—-==———— ETADDNVYQLPSCLOSIASVIFHLDTLPEVYTPVLEHLIVM
IQRCKOMFLTEA—-=——=——— ETIDDHLFQLPSFLOSIASVLLHLDKVPEVYTPVLERLLVV
IQRCKOMFLTET—=——=—=—-— DTIDDHMYQLPSFLOSIASILLHLDTVPEVYTPVLERLIVV
IQRCKOMFLTQT————=——— DTGDDRVYQOMPSFLOSVASVLLYLDTVPEVYTPVLEHLVVM
IQRCKOMFLTHA-=-—=—=—— DASEDHVYQMPSFLOSIASVLLYLDTVPEVYTPVLEHLMVV
ITKSEQLYLSSDK—————— EDIEDKLYSLPSYLEALGNITIRQLDHVPETYATSIERLMII
ITKCEQEFLRTN=-==—=—=—— EPVHEKLSSLPDYLHALASITIKVVTKVSEVYALTLERLLVL
LORSEQLFFID-—===—=——— VNVDKIQYLPSFLEAFASILNILDEVNDTFTRSLEKLTIV
MORSEQIYLROS—===—=—-— EMOEDRVQOLPNFLEALSFITIEELDDISDGFLVSLERLIIV
VVRSRQIFHSGE-—————-— EMIDSRMVELPPLLEALASIVTELDQVSESFLASLEQLVVL
IOMSEQMYFNDS—=—=—=—— ELKEEKLONLPSFLEALGFIVEEIDEIPPAFLSFLERLVVV
MORSEQFYLSQS——————- DLSEDRAQHLPTFLEALSSITIEELDKISDSVLACMERIVRV
IQORSEQLYFSON====—=—— ELVDETIPHLPSFLEALACIVRELDEVSDTFLSSLETMTVI
MORSEQLYFGTA-———=——— DSMEDKVHHLPSFLEALASIVQHLDQLSDMFVTSLERLVVV
ILRSEQQFLVOG—===—=—— E---ERLSQLPTYLEALASIVGQLDTVSDTFLTSLEKLVVL

IQORSEQLYLOQOG====—=—— EVSDDKLNQLPNFLEALASIMRQLDVLSDSFQAALERLVVV

RYG70451.1
542
438
441
445
443
456
445
446
461
450
445
442
447
445
437
408
445
446
406
441
442
441
441
442
438
437
443
445
441
446
444
448
446
444
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VIVGYTKMYSKQQ--RFTRTAMVKLFIMHTLLGNRSDLTRKKHIADLYVTLTSLLDLAFL

LVENFPSVSVYKT--FLAYRALFKLFYATHGKAEYF—==———————— ODFIHSFVYKSVI
QOIONFPYLPSPYH--FLCYNSLIKLFLAVHSKGPQF —==———=————— KGFLNKIIYQGII
LFHCYPFLSSHVR--YQGSVSLLKLIMAVSSIPTSF——————————— KOFLSHIVYQGVI
OMOVLPRLHVKLH--NQCYIALIRLFLGLALKGSIF-=====—=———— KGFLERIIYQSLI
OMDSFPQYSQRMQ--HATCRSIVKVFVAMAVRGPVL-—————————— WSFTSSVVHQGLI
QIDSFPLYSARMQ--PICCRSIVKVFVALAGKGPVL-—————————— WNFISTVVHQGLI
QIDSFPLYSVRMQ--PVCCHSIIKLFIALAGKGPVL-—————————— WSFISTVVHQGLI
QIDSFPQYSLKMQ--SSCCKAVLKVFLSLAGKGPVL-—————————— WSLISTVVHQGLI
QIDSFPQYSQRMQ--PVCCRSILKVFIALAGKGPVL-—————————— WSFISTVVHQGLI
QIDSFPQYSQRMQ--PACCRAIVKVFVAMAGKGPAL-—————————— WSFISTVVHQGVI
QIDSFAQYSQKMQ--PTCCKSIVKVFLALAGKGPVL-—————————— WSFISTVVHQGLI
QIDSFSQYSVKMQ--SVCCRSIIKVFLALAGKGPVL-—————————— WNFISTVVHQGLI
QIDSFSQYSARMQ--TACCRSIVKVFLALAAKGPVL-—————————— WSFMSTVVHQGLI
QINSFPQYTEKMQ--PVCCRSIIKVFLSLSGKGPVL-—————————— WSFISTVVHQGLI
QIDTFPQYSEKMQ--SVCCRSIVKVFLALTGKGPIL-=====—=—=—=—— WSFISTVVHQGLI
QIDSFPQYSIKMQ--STCHKSIVKVFLALASKGPVL-—————————— WSIMSTVVHQGLI
QIDSFPQYSVKMQ--SACCKSIVKVFLALAGKGPVL-—————————— WSFISTVVHQGLV
QIDSFPRYSEKMQ--PVCCRSIVKVFLALAGKGPVL-—————————— WNFISTVVHQGLI
QIDSFPQYSIKMQ--SACCKAIVKIFLALAGKGPVL-—————————— WNFISTVVHQGLI
QOIDNFPQYSIKMQ--TICCRAIIKVFLALAEKGPIL-==—===————— WNFISTVVHQGLI
QIDSFPQYSPKMQ--LVCCRAIVKVFLALAAKGPVL-—————————— RNCISTVVHQGLI
QIDSFPQYSPKMQ--LVCCKAITIKLFLALSEKGPVH-—————————— WNCISAVVHQGLI
LAENFPTIHQKQH--FFSVKSLLWVLITLMPKGEVF—==———————— SOVLSGFVFQMLI
LLENIPTIYRGFH--FTCLKGILHLLIVLOSKGSTF-=====—=—=——— NKVLSGFVYQGLI
LFENFPYVINELH--SLCYKSLFELLLALHSKGAAL-==——==———=—— KNFLSRVVYQGLI
LFESFPRLSKSAK--YLCHKALVKMLINISAKGSVL-======——=—— KNFLSEVVYQGLI
LFGNVPLLRRESRLDHRACGAVVRVLLALRSKRATQ=-=====—=—=—=—— RSLVKRVVFQGLL
LIEKFPELGRGPQ--FICLKAMLKLFLALTTRGASL-=====—=—=—=—— KSFLSEIVYQGLI
LFDKFAILNKGGK--FLCCKALIRVLFHLSSKGAIL-======—=—=—— RNFLSEIVYQGLI
LMENFPRFGKALH--YTCYKSITAVLVALSPKGATL-=====——=—=—— RNFVSRIVYQGLI
LFENFPRLGKKMH--LICOKAILKVLLALVPKGATL-=====—=—=—=—— RTFLSRIVYQALI
VFGSYPHQARSSQ--WTSHSATILQILIALSAKGTSL——————————-— OGFLSRVVYQWIL

QVSSYPRVPNKYQ--YLSHOAILLVLIALSSKGATL-—————————— KNFLSRVVYQALV

RYG70451.1
600
485
488
492
490
503
492
493
508
497
492
489
494
492
484
455
492
493
453
488
489
488
488
489
485
484
490
494
488
493
491
495
493
491
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RTLARKESTD======—————————— HIAADHARLSSYSVFSVEEDRLVFVYSSLWHALL
HTCSHAPEIDSLKKESELW-KESNDSEESGGKWEGFKKE—————— AVTYKNYLPLWKAIM
RTCSYPVRFEIEAREENMS—=—===—=———— GDNLELKNPR-———=—-— EITSKSYSSLWENLL
RSCSLPVVIEAVQGDDSAVVT———————— AAPLADSNDK-—=——— VMSYLDYVQLWIQLI
RSCSHPIVLESQEAKSEN-———————————— VDEVNLKV—-—=——— DVSYQODYLPMWKALL
RVCSKPVLQSDERGVSSGV————— SQSEDSTLVRSGKWK—————— VPSSKDYLELFKGLL
RVCSKPVLLPGEGTGRSES--GL-QQQSASEVMWTGKWR—————— VPSYKDYLDLFRSLL
RVCSKPVLLPGEEMTKAEPWSSA-QQSLSNGNMGTGKWR—————— VPSYKDYLELFRSLL
RVCSKPVVLAQDG--KEGSEAE---TAAATGEVRAGKWK—————— VPTYKDYLDLFRNLL
RVCSKPVVLTGEEGG---QGGG---QPVEKGQVHTGKWK—————— VPSYRDYLDLFRNLL
RVCSKPVLLTEEEGAAQGAEGG---RSAGAGQVRTGKWK—————— VPSYRDYLDLFRSLL
RVCSKPVPLSTEGIGKGGLQSEEEADPAAPGEVRTGKWK—————— VPSYKDYLDLFRNLL
RVCSKPVTLGKEGSGKGSPGSE---EPPVAEEVRIGKWK—————— VPTYKDYLDLFRSLL
RICSKPLVFSMDFGGKNISKSE---EYDSSGEVRTGKWK—————— VPTYKDYLDLFRTLL
RIFSKPITFSKDFSVKETSGTE---EAFEAGEVGTQRSK—————— LPTYKDYLYLFRSLL
RIFSKPITFSKEYFGKKTSGSE---ESPAAGEAGAGKWK—————— VPTYKDYLYLFRSLL
RVCSKPLAFLRENSGTGVSASE---EHPASGEVRSGKWK—————— VPTYKDYLDLFRSLL
RVCSKPITFSREIFGKEVSKLE---ESTTAGEVRTGKWK—————— VPTYKDYLDLFRSLL
RVCSKPIVFSREFDGKGASKSE---EPPAVGEVRTGKWK—————— VPTYRDYLDLFRSLL
RVCSKPVPFLKEAYGRDASESD---DSSAFGEVRVGRWK—————— VPTYKDYLDLFRSLL
RVCSKPVILQKEAFGKEVSESE---EYPSSGEVKTGKWK—————— VPTCKDYLDLFRNLL
RICSKPVVLPKGP----ESESE---DHRASGEVRTGKWK—————— VPTYKDYVDLFRHLL
RICSKPVVLQKDV—-—---ESRSD---NRSASEEVRTGRWK—————— VPTYKDYVDLFQHLL
RTCSHPPLIETEDMTES———————————— N--QOSEQTGT--—--- KVTFKDFIELWDTLF
RTCSHPVVMGADENQEI - =======—=——— STAETDLTVK-——=——— OITYKDYLEVWSGLL
RTCSHPVYVETDSDLNIS——————————— ODSVILETGP-=—-—-- RISYKDYISLWKNLT
RTCSHPVLLDEGPDVDKQ——————————— VGVVTGSRSD-——=——- OVTFKDYLPLWEHML
STCSHPVAMETSSVFS——————— ONADDVDDDFQERDPR—-===—— NITYIDYMDMWRHLL
RTCSHPVLLDEGVDAM—-————————————— EGVTEFDVR-————— HISYKDYLELWECFL
RTCSHPVILKEVNGESTIME-———————-— EREVYEGSTP-———--— NTSLKDYLELWEYLL
RTCSHPVVLEGEMYDV————— S--GDE--TSDELLIDAR-———=-— KVSYKDYLDLWNHLL
RTCSHPNVIEGVTAEDEDLPVA-SGEEGGEQQPQQPPVK—————— RFSYRDYLELWGNLL
RTCSFPVLLESGGD——————-— E-GEEQRSDEMEIEQDSR—————— RVSYKSFMDLWTRLL
QTCSHPVVLDGSPSID--HPVL-GNDDODTEADILADAR-——=——— HITYKDYVKLWASLL
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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KPTDKTLRLFCLDMLGLSF====-— LDVVKORLVOWLFSKCMSTIKSLOLTYSKAEEALQ
MPEKVSYV-=--KIPGV----STTILTEISSKLYSEYITSTIEIAEKLDLSTFKQEEIET
YIVRNKEL----NHIGI----SLEDRHNLLOQLIYDEIISVVLTLLKKLDLATTHSMODSE
DYKKLKGM----GMDF —=——- DLELRQSIHQLVYSEFIQSLLNILRKLDFTTASTTEDGI
TAGKLKAL----GQYNI----TAEQHRVLASAIYDELLSAMLKMISRLDLSSNSTDSESQ
DCENLKDT~----GFVDGAPAAKNYNLRDLNRHLYDALVQSVMKIVEKLDLSVQOKVSAADE
NCGKMKEF ----GLV-DTLOMINLPLOSLNRLLYDEFIKSILKITEKLDLSVEKQONQOREE
DCGRMKES----GLIYETFOMFDSPLKSLNRLLYDEFIKSVLKIIEKLDLSVDKQSQONEE
RCDQLKDS----IFSDEIFSTVNSPLOSLNRLLYDELMKSILKIIEKLDLSLOKODTGOQE
ECDKMKDT----GFVDGAFDVRSSSLHSLNRLLYDELIKSILKIIEKLDLSVQKQOSADEQ
DCDLMKDF----GFLEGVFESQSAPLOSLNRLLYDELVKSILKIIEKLDLSVOKONPDEL
ECDKLKQS----ALVDETFGVVNSPLOSLNRLLYDELIKSILKIIEKLDLNVQKQKVGDQ
DCDKMKES----IFSDEVF-SVNSPLOSLNRLLYDELIKSVLKIIEKLDLTVEKQSVGEQ
GCDTMKNI----LLADEVCLTEYSPLOSLNHMLYDELIKSVIKIIDKLDLTVQKONINEE
SCDTMKES—----VFEDANFLTEKAQLOSLSRVLYDELIKSVLKITEKLDLTVQKLDISEQ
NCDTMKES----VLEDENFLAANSALKSLSRLLYDELLKSVLKITEKLDLTVQKLNVNEQ
SCDTMKDS—----LLADETCLMANSPLOSLSRLLYDELIKSILKIIEKLELTVQKONVNDA
NCDTMKES----VLADETFLIANSPLLSLNRLLYDELIKSILKITEKLDLTVQKLNVSEQ
NCDAMKES----VFADENFLTVNSPLOSLNRLLYDELTIKSILKITEKLDLTVQKLTFSEQ
NCDEMKDS----QL-DETFLIVNSPLOSLNHLLYDELIKSVLKIVEKLDLNVEKONTGEK
SCDOMKDS----LLADETFLLVNSPLOSLNRLLYDELIKSILKIVEKLDLKLEKQNVGNQ
SSDOMMDS----ILADEAFFSVNSSSESLNHLLYDEFVKSVLKIVEKLDLTLEIQTVGEQ
GCDOMEDF ----ILGDETFLFVNSSLKSLNHLLYDEFIRSVLKIVEKLDLTLEKQTVGEQ
NSPRIKEF----SVADI----SVEVRLALTEAVYDELINSVLRMLGKLDLTSQSSTEVAQ
ESGKIKDL----IQODGI----GFAERDQLTHAVYNELMOAILKVISKLDLTSTTORESE-
OATEIKGL----TLITT----DREHITYVORSLYNELLHSLORILLKLDLTSSQOTTIE-

DKTKFKMY----LLFOSLSLSDIEKRESLHELVYDELVGAILRIIHKLDLTSTKHGQOQODL
GSDKMKGL----NELGV-—-—-SMSDRKALTCCVYDEIVTSLMKIVGKLDLSTSKSTDPSQ

DGGQYKDQ----SIMPK----VSSLTODIHRAIYDELIQAILKVAHKLNLSSFRDVETQD
DKDKLKDE----SLLGK----QLEERKVMHGLVYDEMIRGILRIIHKLDLSSSKGSSAQE
DSSQLRI-=-—- TDIGL----SPODCKVLHNIVYDELIAAIIRILGKLDLSSNKDGOLGN
DSSRLKEL----SQWGV----AVADRQAMHRMLYDELVTSVLKVIDKLDLTTSKQVETGN
DSKFIKTS----EAHGS----SYAERLNIHTMIYNELIGGILKVLKKLDLSSNKHNEEEA
DSTHVKEV—----0AMGM~----NYADRRKIHIILYDELIFSILKILSKLDLTSNKDTTELQ

: HEN . *32
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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D=V NNVGCLPDNIVDODLFLNLVTFFEILVTLLD
N-—-DI--=-=———————— TSDDGDVATSDPISGLSAKTPKDFQVYMNVIALLEEVL---P
I---KD-=-——-- SNLKQFETSELYSTVSDPFYGLOLSKPKDFRVFMNIVDFCKDLF—---1
MANEGEGGGG———————— SGGGDPVITSDPVLGROPAVPKDFQIFINLVELAKKVI—---P
PSS TSEPALSDPSSDPLRGLHAVCPEDFILLTNLVELSRDLL---P
V-—-Q0-SD-A-————————— SAGIVLSSDPTANLMPNKPKDFIAFINLVDFCSELL---P
E---GSGDVS—————————— NGNVIPTSDPAADLQPVKPKDFTAFVNLVQFSTELL---L
G—---GSGDVN-————————— SSIVIPTTDPSANLOQPTKPKDFTALFNLVEFCGEL----L
D---D-GGIN-=-=-===———— NLLINATSDPAGNLYATKPKDFTAFVNLVEFCSEIL---P
E---GRSDAS—-————————— SSMLIPSSDPAANLQPSKPKDFTAFVNLVEFCSELL---M
E----ESDVS—————————-— SGVVIPSSDPTAHLLPSKPKDFTAFINLVEFCSELL---L
E---GETDPS-————————— STITIIPTSDPAANLOQPSKPKDFTAFINLVEFCRELL---P
Q---DASDED-=-=—===—=—=—— SALVIPTSDPAANLOQPTKPKDFTAFVNLVEFCREIL---P
K---DGSEGD-————————— AHLATPTSDPAANLQPSKPKDYSAFINLVEFCREIL---P
—-——--DGNAGD—————————— SALVGPSSDPASNLOQPTKPIDFIAFINLVEFCREIL---P
———-DEDETD-=-===—=—=——=— SALVVPTSDPASNLOPAKPTDFIAFINLVEFCREIL---P
K---DANEAD--—==————— ADLTIPTSDPAANLHPTKPKDFTAFINLVEFCREIL---P
—-——-DENEAG-=-====———=— SDLVVPTSDPASNLOPTKPKDFIAFVNLVEFCREIL---P
—-—-—-AESESG—————————- DVMIIPSSDPASNLOQPAKPTDFIAFINLVEFCREIL---P
—-——-DESEVS—-===—=—=——=- NLWVIPTSDPVANLHPSKPKDFTAFINLVEFCRDIL---P
E---DESEAS—————————— GVWVIPTSDPTANLHPAKPKDFTAFINLVEFCREIL---P
E---NGDEAP--———————— GVWMIPTSDPAANLHPAKPKDFSAFINLVEFCREIL---P
E---DGST-A-————————— DVWVIPTSDPAANLHPAKPSDFSALINLVEFCREIL---P
Q-—--QEGPTS————————— SNESEDVSSDPLHGMOPNKPKDFQIFINLVDFCREML---P
-——-TSGTEE-———————- EKSDITQSGDPVHEIEANRPMDFQVLINLVDFSRDLL---V
—————————————————— EETQOSSEGTSNPVAGLKPNVPKDFQVFINIVDFTKALL---P
Q---VR-==——————— DOPOEEQEETTSDPVAGLOPRVOKDFLVFINLVDFCKALL---P
V---HDGSGGASSE————- SPDAYSGGSDFADGLVPCRPKDFLVFFNLVEFTKDLL---S

E---DLOTEQ--PSSPDAPLLTTSGGTTDPISGIQPEAPKDFQIFINLVEFSRKIL~---L
G—---DILGKSSASDVPASATADKEVSLSDPVPGLQPKVPKDFLIFISLIEFCRCVL—---P
E---LSADPE--PGTSDGRSSPVTDLSSDPSSGLTPSKPKDFQIFINLVEFCRDFL—--P

E---ELTADV--SG——————- SODGTTSDPFAGLOAAKPRDFVVFINVVDFCRDLL---P
S---TSGGVT--SD——————— LEGNTSSDPLEGLOQPTKPKDFQVFINLVDFTKELL~---P
-—-—-DQVAVD--SD=-===—=—— STEDASSDPLHGLHATKPKDFQIFVNLVDFCRDLL---P

* e o o
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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KODTYNYADFVFV---NVMEMSQKLPLLSGFYRMLSCLLIHLEDL-======—=—=—=— LACG
LOYEDQLOGHVSRLCWFFIRCSSEQPLVSAHYTSLTTILVCAQKMRYFEKTK-==—————
SKHNELFEKWILIFGLEIIQFINKNPYISGFYKLITVCLTICKKTRYFOQHVKKLKTKEE-
SVSLSLFTPWILTFSQEVVSLATRYPLVSGFYKLLTVCLSICNKTHFFDVHDLSGQGTGD
VTQTOKFSSWVFPFGHOLILOSSKLPLVSGLYKMLTVCMQVASQISYFKEMNRQLKIETS
SRNPEYFAQWMHPLCHELILOSIRFPLVSGFYKLLSLSMGIAKKTQYFQODVKQCP-KQVG
ERHEEFFDOWVYRFGYELILRSTOQFPLVSGFYKLLSATMKIAKKINYFKGVSTNTWKQCH
EKHTDFFEHWVYRFGHELILRSTOQFPLVSGFYKLLSVTMKIARKIKYFEGVNPKTRKQCP
KEHIEYFESWVYVFGYELVLOSTRLPLISGFYKLLSVVMKNAKKSRYFEGFTSKIYKKAP
KEHVDFFEQWVYGLGHELILOSTRFPLVSGFYKLLSVSMKIAKRIKYFOGVSPRSCKTSP
KKHVEFFEQWVYPLGHEIILOSTRFPLVSGFYKLLSVAMKIAKKIKYFKGVSPKSFQPNP
EKHVEFFEPWMYGFGHEVILQSTRLPLVSGFYKLLSVSMKIARKIKYFEGVSSKSCKQNS
EKHIEFFEIWVYTFGYELILOSTRLPLISGFYKLLSVAMKNAKRTKYFEGVSPKSHKKCP
DKHIKYFEPWMYSFGYELIIQATHLPFISGFYKLLSTIAMKIAKKTKYFAGVSPESTKKYP
EKHVEYFHPWVYSFGYELIVHSTRLPLISGFYKLLSVTMKIAKRIKYFEDISPRSLRRCP
EKHVEYFNPWVYSFGYELITIHSTRLPLISGFYKLLSVAMKIAKKIKYFEGVSPKSLRKCP
EKHIEYFEPWVYSFGYELIIQSTRSPFISGFYKLLSIAMKIAKKIKYFEGVAPKSKKKCP
EKHVEFFEPWMYSFGYELIVOSTRLPLISGFYKLLSVAMKIAKKIKYFEGVSPKSYQKCP
KKHLEYFKOWVYSFGYELIIQSTRLPLISGFYKLLSVVMKIVKKIKYFEDVSPGTQKKYP
EKHVOQFFEPWVYSFGYELILOSTRLPLISGFYKLLSIATRNAKKMKYFEGVSPRSLKKSP
EKHIQYFEPWIYSFGYELILOSTRLPLISGFYKLLATATRNAKKLRYFEGLSPKSHKKSP
EKOAEFFEPWVYSFSYELILOSTRLPLISGFYKLLSITVRNAKKIKYFEGVSPKSLKHSP
RKHVGFFEPWVYSFAYELILOSTRLPLISGFYKLLSIAVKNARKIKYFEGISPKSLKHSP
EKHYKMFGKWLFLFSHTLILOSTEKPLVSGYYKLLAVSMKIANKLNYFOGMVSLSPVKK-
PKHFQYFEKWVFTFTHTVVVQSTEFPLVSGFYKLLAVTMKIANKLEYFKDIAVENSFKK-
TTRTEFFLPWIFPFGKNLVLLSTRLPLVSGFYKLLEICMTISSSLSYFEDLNIETVTKCT
GOSTDSFGRWVYVFGRDLIVSSSRFPVVSGFYKLLEVCMKICKRLRFFQYEVTA-—————
TNOQTALFRRWIYTYGHEVILLSTRWPVVSGLYKLLTVCLSICSSLOYFKAMRKVNDSQLH
KTKTKWFENWIYTFGKELVVLSARFPLVSGFYKLLDIVMKISRKLDYFKGMTLKDVSTGC
NYCVTLFERWIYMFCRDIIIMSSRFPVVSGFYKLLEVCMKMCEKLSFFKNIKAEKPDLK-
KRCPYYFERWVYTFGHEVIVHSTRLPLVSGFYKLLSVCMTISONIGYFOGINENAKVAVP
HHHPEYFORWVFTVGHALILHSTRLPLVSGFYKLLSVCMTICTKVKYFKDLDTKLLSFS—-
TROIHLFDPWVYRFGHELIQLSSOLPLVSGFYKLLTICMTMSRKTAFFKEVNPNVTFRTE
ANQPALFKOWVYRFGHEVILLSCRLPLVSGFYKLLTVCMNICTQIQFFKCIKPSDLSSQ-

: : T : :
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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1) - ANNEQASVVSCMSQISIFVMK----LOENLVASPNDYN
-------------------------- DPEVETLIHLITSYVKD------—-VLQRCRQLR
S S SEKDCLIAFELFAKFSRE———————— VVIYLOQFK
~—DDVAM———————mmm e ETEERTDRQSCYFLFSSFIKE———————— VVVQMOQYK
DS—-IKMEMDE-————————— EFRTSTAQEEACFMLFTKFAKE———————— VMTRLRQYK
------------------------- GSTMENACFSLLAKFGKE-——-———-—-VCVRMKQYK
------------------------- TDPEKCACFALFGKFGKE-—-——-——--VTIRMKQYK
------------------------- KNPEKFACFALFGKFGKE-——-——-—-VAIRMKQYK
------------------------- EDPERLSCFALFAKFGKE--—-——-—-VSSKIRQFK
------------------------- EDPDKYACFALFAKFGKEVSTILGKEVSVRMKQYK
------------------------- QDPEKYACFALFAKFGKE-——-———-—-VSVRMKQYK
------------------------- LDPEKYACFALFAKFGKE-——-———-—-VCARMKQYK
------------------------- KDPERFACFALFAKFGKE-——-———-—-VSAKMKQYK
------------------------- EDPERSSCFALFSKFGKE-——-———-—-VTTKMKQYK
------------------------- EDPEKSSCFALFVKFGKE-——-———-—-VAAKMKQYK
------------------------- EDPEKSSCFALFLKFGKE-——-———-—-VTAKMKQYK
------------------------- ENPEKSSCFALFAKFGKE-——-———-—-VTAKMKQYK
------------------------- DDPEKSSCFALFAKFGKE-—-———-——--VTAKMKQYK
------------------------- EDPEKSSCFALFAKFGKE-——-———-—-VAARMKQYK
------------------------- EDPEKYSCFALFAKFGKE-——-———-—-VAVKMKQYK
------------------------- EDPEKYSCFALFAKFGKE-——-——-—-VSIKMKQYK
------------------------- EDPEKYSCFALFVKFGKE-——-———-—-VAVKMKQYK
------------------------- EDTEKYSCFALFAKFGKE-——-———-—-VSVKMKQYK
~——EVKMEVDS-————————— DOKADIHQRATCFQLIQKFTKE-——————— VLVRMKQYK
~——EEQMDVDE-————————— TGIDGQTEKHLTYILIKKFSEE-——————— VLVRMKKFH
IN-———m e AAAEAESIDKYLCYLLYYKFYKE-——————— VLVRLKQYK
5 S DMEIVDTSDCTNCFILFRKFIKE———————— VLIKMKQFK
~——SEAMET-————————— DSPDAVDNAEILNCFTLFKKFSKE-——————— VLVKLKMFR
VD=—-DM-——m—mmm e — ETDQLDFSDCRNCFILFHKFAME - ——————— VVVRMKQYK
~——NENL-=——=——————m— NLEIVDTSDCMKCFVLFHKFTKE-——————— IVVRMQQYK
RHIEEKAS———————————— TKDMCTLADKVAAFHLFKKFTKE———————— VLIRLKQYK
~——EESMDTEG-——————————— RDRPSEGQACFTLFRKFVKE———————— VLVRLKQYK
VNEEEPMDVDDDSESIATRTTPSNVSLSDKQACFILFSKFSKE———————— VLIRLKQYK
-——EDSMDIDL--—-—— NFSSSSSCVSASDRCICFTLFAKFSKE-——————— VLVRLKQYK
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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NELLOSIVKVILSLPIECLSIDCM=—=—=—— YITLHISLSSNIHLNKCIAMLNKHFTFDPK
DOLLASCLTLILKLPVCIVIEIFPRLIVPLOMALHLGVSYLPLAEVCIAALCKWTHILPS
DELLASCIEVILSLPTEIVESEINILIPAVQISLOLGLSYLPLAMSCLDALETWLYSLPS
DDLLASCLHLILVLPKEMVVSDFKELIPAIKLALRIGMGYLPLAKSVMEALEKWTLYIVE
DDLLASCLGFILALPREITALDVTTFVPALOQRSLEIGRSYLPLARTSLNTLESWSKSLPP
DELLAACLMFILSLHPGMVALDIKAYIPALOAALRLGLSHAPLATAALDALESWSSFIPA
DELLVSCLNFVLSLPHDITELDIKAYIPALQAAFKLGLSHTPLADAGLDALEDWSAHIPK
DELLASCLTFVLSLPYDITELDIKTFIPALQTAFKLGLSHIPLADAGLDALEHWSTRISK
DELLASCLTFVLHLPHDITMMDIKAYIPALQTAFKLGLSCPPLADVGLNALQYWSTNIPS
DELLASCLTFVLSLPHDIVALDIKAYIPALONSFKLGLSHTPLANTGLYALENWSQFIPK
DELLASCLTFVLSLHHDIVALDIKAYVPALQTALKLGLSHTPLASAALDALEEWSSRISQ
DELLASCLGFILSLPHTIVELDVKAYIPALOMAFKLGLSYTPLADSGLDALEEWSNRIPK
DELLASCLIFILSLPHDITMLDIKAYIPALQTAFKLGLSYSPLADAGLDALEDWSAYIPQ
DELLASCLTFVLSLPYNITIMLDIKAYIPALONAFKLGLSYTPMADVALDALEDWSSYIPR
DELLASCLIFLLSLPHDITMLDIKAYIPALONAFKLGLSCTPMADLGLDALEDWSAHIPR
DELLASCLSFLLSLPPDITMLDIKAYIPALONAFKLGLSCIPMADLGLDALEDWSAHIPK
DELLASCLIFVLSLPHDITMLDIKAYIPALONAFKLGLSYTPMAEVALDALEDWSAHIPR
DELLASCLTFVLSLPHDITMLDIKAYIPALONAFKLGLSYTPMADEGLDALEDWSAYIPK
DELLASCLTFVLSLPHDITMLDIKAYVPALONAFKLGLSYTPMADVALSALEDWSSHIPK
DELLASCLTFVLCLPHDITMLDIKAYIPALOMAFKLGLSYPPLADVGLNALEEWSIYIPR
DELLASCLNFVLCLPHDITELDIKAYVPALOMAFKLGLSYTPLAEVGLNALEEWSLYIPK
DELLASCLTFLLSLPHNITELDVRAYVPALOMAFKLGLSYTPLAEVGLNALEEWSIYIDR
DELLASCLTFVLSLPHDITELDVRAYVPALOMAFKLGLSHMPLAEIGLHALKEWSVHIDK
DDLLAACLTFILTLPKEIVSEQMSSVVPAIQLTLSIGLGYLPLAMIALDALDYWSDTLPA
DDLLASCLTLILTLPKEITAQOMSKIVPAIQLTFSVGLSYLPLAEVGLDSLVWWSQVLPP
DDLHVSCLSLILALPYQLIQODDMALIIPAIKVSMNIGLSYLPLANAAIDALERWSSDLPQ
EDLLSSCLSLVLSLPYEIVAVDVAAIVPALELTFKLGLSYLPLAQAGLAALEEWNASLPG
GDLLVACLQLVMALPYEIVVDIVPEIVPAVOVALKIGLSYPPMAHTTLDALEMWVANLPA
DDLKSSCLOQLVLSLPNELVLCDIDIIIPTLKTAFKLGLGFLPLAEAALDALDTWTAELPS
DDLLFSCLLVVLSLPLELVTLDLVSSVAALKLTFKLGLSYTPLAEAGLDALESWTTALPA
DDLLASCLFLVLALPHEITASDVAAIVPALQTTFRIGLGYLPLAHAGLDALETWAFRLQOH
DDLLASCLLLVLSLPHQIVQSEISTLVPALOQTTFRLGLSYLPLAHAGLDALERWLLNLPR
DDLLASCLFLILSLPHQVVENQVHDVIPALKTAFKLGLSYLPLAESGLSALQAWIRYIPS
DDLLASCLLLVLSLPHEIVOAEVAHLVPALOMTFOLGLSYLPLAETGLEALERWMLHLLP

ok o . * o .o . *
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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—-——-KFLNGTATSLLPLLSKYIVPISMENLSVNERHE-===—————- YVSIGRK-KLKTH
—-—-—-DILHOHLPAVLPLLLPYLRSKETGEVEVQTRVITVKMA—-———- YANQRR--KVDQOK
-—-—-ELLKEHYCKLLPSLNDYFLASDNISLOPLKNIHTFT-—=———- KQOSLVVKKKLPLK
SDKMDTLOCLVNEILPLLADYLKATSVOLKEEEDGGRGKQ=-—=———- YATKRYA---RMK
—-——-DVMKPFYEQLLPYLDAYLTSSADEKNDTL—======— SLVOKDPMKKQGKKKIPVK

-——-AILOPHYTDILPHLDGYLKTTSSSEKDDS---NMEVTF--VSTGSSKGYG-QVLLR
-——-HITOPHYKDILPHLDGYLKTAAF-NEAQN---NWEGMN--INNPSRKGGS-KVLFH
—-——-HVIEPYYKDILPHLDGYLKTAAS-NEFES---NWEMMS--MNT-SSKGGN-KVLIR
—-——-DILKPYYKDIIPLLDGYLTNLSSTNESLS---TLDMVR--ISRSLHKGFN-KQLIQ
—-——=-YVMOPHYKDILPYLDGFLKTTASNDEEQN---NWEVMS--LSRSTEKGYG-RVLMR
————PLIQPLYRDVLPCLDGYLKTAASNGSDQN-—--TWEVMC--LSSGAEKGYG-RVLLR
-——-WVLOPYYKEILPCLDGYLKTSISAGDTPS---SWEVLR--LSRASQKGDH-KVLIR
-——=YVIQPHYSEILPYLDGYLKTASSADEYQN---SWEVMR--LSRAAQKGFN-RFLVQ
———=-NITQPYYKDIVPCLDSYLKTSASTDESQN---NLEVKK--LSKAIQKGMN-KVVIQ
———-HMMOPYYKDVLPLLDGYLKSSTSTVESQN---NWEVRK--LSQAAQKGRN-KVVIQ
—-——-HIMOPYYKDVLPLLDGYLKNSASTVEPQD---NWEVRK--ISRAAQKGFN-KVVIQ
—-——=-YTMOPYYKDILPCLDGYLKTSTSTDDSQON---NWEVKK--LSQAVQKGSN-KVVIQ
———-HIMOPYYKDVLPLFDGYLKTTGSADESQN---NWEVRK--LSRAAQKGFN-KVVIQ
—-——=-NIMOPYYKDVLPLLDGYLKTATSPDEFQN---NWEVKK--LSQAVQKGFN-KVVIQ
—-——-HVIQPYYKDILPCLDSYLKTTALSDETKN---NMEVTM--LSRATQKGFN-KVVVR
———-HTIQPYYKDILPCLDSYLKTTALSDDNKD---NEEVTV--LSRAAQKGFN-KVVIK
————-HVMOPYYKDILPCLDGYLKTSALSDETKN---NWEVSA--LSRAAQKGFN-KVVLK
—-——-SILOPYYKDILPCLDGYLNTSTLSDETKS---HWGLSA--LSRAAQKGFN-RHVVK
———=SVIRPFYPQILPCLDSYLKTMDQGAD----DVSENTMEM-NKSKSGKGRK-KLPVR
-—-—-EVLAPHYANILPCLDSYLKTVDTGAE----DVSVETLVTVSSSKSKYRGK-KLPVR
—-——-NIIGPYFSDILPCFDDYLKSSADDTTETLVEDSSKALK=-=-—=—-— ARTGKAKKLP--
———-DVLRRHLRNILPYLDGYLKSATDAVEEEQDQVSRRTATL-RSTYSRLGKILSLYYT
———-DVMOPYYKQILPHLDGYLKTTEGAD———-—— SVPTPTVAI-TSANATRGRK-KIPVK
-——-EILHPYLREVLPOQLDGYLKTASELETSNEKETKL-=====——— RSRKSGK----TK
———-DKLKPFLREILQCLDGYLTTLGDIQLHNE---CNTIVLI-TSSHHTSRGR-KLPLK
—-——-NALQPYYKDILPCLDGYLKTVSDTNAENA---SSQTVSL-TMTRTGKRRN-KIPIR
—-———-SALEPHFPHILPYLDSYLQTAADTGSSSSSD-GFQTVSL-TAASSTRGKR-KIPVK
———-DVLKPYYAQVLPQLDGYLGAGSGSEDEGS—-—--RPEVLVI-QTASSRVGRR-RIPSK
———-DSLOPHLKVILPLLDGYLRGTITQGSDAADVVQTVTMAS-ASSSGRAGKR-KLPAK
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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LHSSNI-V----NSLOKQQVTTEQILLFLGKLGHHNQAMLQO---SPSEVIQDSLMWSAET
KI-———- LASKQVDATAMKRVQSLILOLIGGLDPSLGQYVIP-QDADSLAAAAVCWDSQ-
ISQYKK-IKQTDLHESELIKVOQHRILRFLGSVGNQYNFAMIS-ADKIKIHEVAVAWDINK
MVERKWS-EGLHQGSRDDITSVRRRILLLLGSLGGVVNESLSKVP----SQHSLVSWDSD—-
LLKOQTM-FDAEKGKESELKEIQRKCVLLLGSLGGSINHALVFGQTA-~-NPPDLVAWDSD-
LLKKSK-R-FSLGDESPIAAVRRRVVRLLGHLGGOLNRSLVTAVSAEDMMKRFVAWDCE -
HTKKSK-E-FLVSEDSAITAVRRRIVRLLGSLGGONNRSLVTAVSAEEMMKRCIAWVTE-
RLKNAR-D-LSMSEETPAAAVKKRVVRLLGSLGGOQINRSLVAATSSEEMMKKCVAWVAE -
QOLKRMK-T-LSVKEESSLTAVRNRVVRILGSLGGOQINRSLVTAASTEEMIKRHVSWDTE-
LLKKAK-R-FSLTEDSPTALVRRRVVRLLGHLGGOQINRSLVTATSAEEMMKKFVAWDSE -
LLKRTK-H-LSMAEDSPSAVVRRRVVRLLGHLGGOLNRSLVTAASAEEMMKKFVAWDSE -
LLKKAK-A-VSLNEDSSLGAVRGRVVRVLGSLGGQVNRSLVTAASSEEMMKKFVSWDTE-
RLKKTK-T-LSLDQDVSLASIRNRVVQILGSLGGQINQSLVTASCAEEMMKKYVSWDTE-
HLKKSK-N-LELEADPSLEAVRARVVRLLGTLGGQOINRHLITGTSAEEKMKKFVSWDIE-
RIRRAK-T-LSVDNSPSLOAVRTRVARLLGSLGGOQINHNLITATSAEEMMKKCVSWDTE-
HLRRAK-T-SL-VGDPSLEAVRTRVARLLGSLGGQINHNLITATSAEEMMKKCVSWDTE-
RLKKAK-S-LALEEDHSLEATRMRVACLLGSLGGOQINRNLVTAASAEERMKKFVSWDTE-
RLKKAK-T-LSLEDNLSLEAVRTRVVRLLGSLGGOQINRNLLTAASTEEMMKKFVSWDTE-
RLRKAK-A-LSLNEDLSLEAMRSRVVQLLGSLGGQVNRSLVTAASEEEMMKKFVSWDSE-
HLKKAK-A-TAPVEDLSLESVRTRVVRLLGSLGGQINRNIVTAASADEMMKKCVAWDTE-
HLKKSK-T-ILSDAEMSLEAVRAQVIRVLGSLGGQINRNLVTAASSDEIMKKCLAWDSE-
HLKKTK-N-LSSNEAISLEEIRIRVVOMLGSLGGQOINKNLLTVTSSDEMMKSYVAWDRE -
HLKRTR-N-SSPDEALSLEEIRIKVVQILGSLGGQINKSLVTATS-GERMKKYVAWDAE-
ILKGPK-TDSKQVFETQLAKVKORVMTYLGRLGGEVNHALLS-G--SDVCEEATIAWDAE -
LVKERKPVDLDKGYESQLSVVKQOKIVTYLGSLGGSMNFALLA-RREEEISRRATIAWDTE-
—-VRKVV-NPTGGSKDSPLAQVRLRIVQLLGRLGGNTNSLVIR-KGNDDGSSQAVAWDNH-
DFVSKR-NILPQVGESSLVTIRVQILRLLGQLGGHTNLCLLG-SDGGVDSGSAVAWDTV-
LLOGSG-R--KMAEDSALTTARMRIVRFLGGLGGANNISLIS-CDAEDIAKVAVAWDAE-
ASKSSK-RNPNEEENSPLNKVRHRILILLGTLGGKCNLGLLE-GGEGSVASSGIAWDTK-
LLKMKP-QSQHOMTLTPLAKVRHKILRMFGGLGGETNILLLDNTGI--NSSNAVVWDTE-
LLKPAT-Q--DGSDESPLTIVKLKIVHLLGLLGGSTNGYLLE-SSKEEIAKKAVAWDTE-
LLKAAA-E-RNQVQESDLVKARLRIVRFLGSLGGHTNACLVTGLTAEDLAKRAVAWDTQ-
LLKKAK-D-NDQSQDSPLRSVQLOILRLLGSLGGSVNVGLLE-TSAQELSNVALAWDSQ-
LIKGAS-T-TGOTODSPLRSVOLRILHLLGSLGGOTNAYLLE-TSAEEIAKVAVAWDTQ-
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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KLSLOLSVSNQOGKLEIFIDKLLPTITEICRVKIDMTQTPNVNLIKALSSAAEALYNVVI

-KHIRFAMPFGOAKIDIYLDDLLPRVVDLALNSSDRO=-======—— TKVAASELLHSTIIT
ONHLKFYLPFIDVKLEIFLDKFLPRIVTLSTTASQRQ=====——=—=— TKVAACELLHAVVT
-RRLGFAVPFSDLKPEIYLDPYLPTVCELALSSSDRO=-======—— TKVAACEFLHAAML
-OHLKFDLPFLDIKTSIYFDAFLPKVVTLATVSSDRO=-===—==—=—— TKVAACELLHSLVL
-KRLSFAVPFKDMKPVIYLDSFLPRVTELALSSSDRO=-=====—=—— TKVAACELLHSLVI
-KPLSFAVPFMDMKPITIYLDSFIPRISELALSASDROQ=-===—=—=—=—— TKVAACELLHSVVA
-RPLSFAVPFADMKPVIYLDSFLPRITELALSASDRO=-===—=—=—=—— TKVAACELLHSVVA
-KRLRFDVPFKDLKPVIYLDMFLPHITELALSTSDRO=-===—=—=—=—— TKVAACELLHSIVA
-KRLNFAVPFADMKPVIYLDTFLPRITELALSTNDRQ=-=====—=—— TKVAACELLHSVVV
-KRLTFAVPFADMKPVIYLDAFLPRITELALSTSDRO=-======—— TKVAACELLHSVVV
-KRLSFAVPFADMKPVIYLDSFLPRIAELALSSSDRO=-=====—=—— TKVAACELLHSVVV
-KRLSFAVPFVDMKPITIYLDSFLPRVTELALSTSDRO=-===—=—=—=—— TKVAACELLHSMVV
-KHLNFAVPFVDMKPITIYLDLFLPRVTELALCASDRO=-=====—=—— TKVAACELLHSIVM
-KHLSFAVPFADMKPVIYLDLFLPHVTELALSASDRO=-=====—=—— TKVAACELLHGIVT
-KRLSFAVPFADMKPVIYLDLFLPRVTELALSASDRO=-===—==—=—=— AKVAACELLHSIVA
-KHLSFAVPFADMKPVIYLDVFLPRVTELALSASDRO=-=====—=—— TKVAACELLHSMVM
-KHLSFAVPFADMKPVIYLDLFLPRVTELALSASDRO=-=====—=—— TKVAACELLHSIVM
-KHLNFAVPFVDMKPVIYLDIFLPRVTELALSASDRO=-===—===—— TKVAACELLHGLVM
-KRLSFAVPFAEMKPVIYLDVFLPRITELALSASDRO=-======—— TKVAACEVLHSIVM
-KKLSFAVPFAEMKPVIYLDVFLPRVTELALSSSDRO=-====—=—=—— TKIAACELLHSMVM
-KRLSFAVPFREMKPVIFLDVFLPRVTELALTASDROQ=-—==————— TKVAACELLHSMVM
-RRLSFAVPFREMKPVIYLDVFLPRVTELALSASDRO=-=====—=—— TKVAACELLHSMVM
-OHLRFDVPFMDMKPQIYFDPFLPRIVELATKSGDRO=-======—— TKVAACELLHSLIL
-OHLRFDIPFFDMKPSIYFDPFLPHVVELATQSSNRQ=-—==—=—=—=—— TKVSACELLHSLIL
-KRLPFATPFODMKPITHLDPFLPRVVELATSSSDRO=-=====—=—— TKIAACELLHALVL
-KHLPFAVPFODMKPTIYLDPFLPRVVELATTSSNRQ=-—==—=—=—=—— TKVAACELLHTLVL
-KNLKFGVPFADMKPVIYFDVFLPRVTDLALSSSDRO=-======—— TKVVACELLHALLL
-OHLSFAVPFODMKPTIFLDPFLPRVVELATSSSDRO=-=====—=—=— TKVAASEVFHSLVL
-NHLTFAVPFODMKPSIYLDPFLPRVVELAAKSSDRO=-—====—=—— TKVAACECLHSLVH
-NHLOQFPVPFMDIKPVICFDPFLPRVVELATTSSDRO=-======—— TKVAACELLHSLVL
-THLOFAVPFMDMKPTVCLDPFLPRICELATTSSDRO=-===—==—=—— TKVAACELLHSLVL
-PRLNFPVPFVDMKPEIQLDAFLPRIVELALTSSDRO=-======—— TKVAACEALHTLVL
-PRLOFAVPFVDMKPNIDLDRYLPRVVELALTSGDRO=-======—— TKVAACESLHTLVL
o o e e kX e e% ek o e o o * %k e e
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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FMIASSASLGV—-—————- NYSDFYKRILPVVLOLASQSRINAFVVLFESLLDQLVSYFTS
LMIGTGSQOQEGI-QAKYPMAALYHHIFQAMLOLACDPDQ-VTROLFFTLTHQTIHWEFTN
FMVGCGAQQOPEL-QAIYSMKKLYKNVLPALLOQLACDVDE-VARKLFEPFTFOQLTHWEFTT
FVIGKGTQQOSVQK---KNPMTKLYQKLIPVALQLACDVDR-VAEQLFRPLVFOMIHWFTR
LMLGRSASQPTGN=-——-— PMAATYRKLFPOMLKLATDVEQ-VSROLFEPLMLOITHWFTK
YMVGKGAQMTEDD-KSAPPMYNLHRKVFPVLLRLACDVDQ-VTROLFEPLVMOLTIHWEFTN
YTLGKGSQISEGQ---QETLYKLNROLFPVLLRLGCDVDT-VTROLFEPLVLOLIHWEFTS
YMLGKGSQIAEGQ---QETMYKLNRHLYPVLLRLGCDVDK-VTNQLFEPLVMOLTIHWEFTN
FMLGKATQOMPDDKKTGSSPMYKIYKRTFPVLLRLACDVDK-VTEQLYKPLVMSLIHWEFTN
FMLGKGSQIPEGE-KSTPPMYRLYKRIFPVLLRLACDVDQ-VTROLYEPLVMOLIHWFTN
CMLGKGSQIPEGE-KSSPPMYKLHKRIFPVLLOLACDVDQ-VTROLYEPLVMOLTIHWEFTN
YMLGKGSQIPERC-GGVPPMYRLYKRIFPVLLRLACDVDQ-VTROLYEPLVMOLTIHWEFTN
YMLGKASQMPEKD-QOSLPPMYQLYKRTFPVLLRLACDVDQ-VTROLYEPLVMGLIHWEFTN
FMLGKAAQIPEGH-KNSPPLFHLYKRMFPVLLRLACDVDQ-VTROLYGTLVMELIHWFTN
YMLGKASQMPEGC-QGPPPMYHLHKRVFPVLLRLACDIDQ-VARQLYEPLVMOLTIHWEFTN
YMLGKASQMPEGC-QGPPPMYQLYKRIFPVLLRLACDVDQ-VTROLYEPLVMOLTIHWEFTN
YVLGKAAQIPEGQ-EVSQPMSHLYKRTFPILLRLACDVDQ-VTROLYEPLVMOQLTIHWETT
YMLGTASQMPDGP-PGSPPMYQLYKRMFPVLLRLACDVDQ-VTROLYKLLVMELTHWEFTN
FMLGKASQOMPEGR-QOGSSPMYQLYKRTFPVLLCLACDVDQ-VTROLYEPLVMOLTHWEFTN
FMLGKASQIPEGN-QGSPPMYQLYKRTFPVLLRLACDVDQ-VTROLYEPLVMOLTIHWFTN
FMLGKASQIPEGK-LGPPPMYQLYKKTFPVLFRLACDVDQ-VTROLYEPLVMOLTIHWEFTN
FMLGKATQOMPEGG-QOGAPPMYQLYKRTFPVLLRLACDVDQ-VTROLYEPLVMOLTHWEFTN
FMLGRATOMPEG--QGLPPMYQLYKHTFPVLLOLACDVDQ-VTROLYEPLVMOLTHWLTN
LCVGRSATQPAR---ERYSMAPLYKKMFPSILOLACDVDL-VTKOQLFEPLLMOLTIHWFTK
YTLGRSAQOPGEI-QKRNPMDSLYRKLFPALLSLSCDVEQ-VCROLFEPLVKOLIHWFTG
YMIGRGAQOPGGT-GSVINYGNLYKKIFPAILTLASDVEQ-VSQOLFQPLVYQLIHWFTG
YMLGKGVTQPDVK~-KVALPMONLWKKLIPVLLOLACDVER-VSAQLFHPLVMOLTIHWEFTN
YILGTGAQOPDSI-KSKRPMSALYSRLFPVLLRLGCDVEP-VAKQLFEPLVMQTIHWETL
FMLGKSVQIPDA--SSKSPLEKLWKRVFPVVLOLACDVEQ-VSQOLFRPLLFOLTHWEFTN
YMLGKSVTQPQG--FKKSPMEHLWKHVFPTLLOLACDVEQ-VSEQLFKPLVFQLIHWEFTN
YMVGRGAQQOPDST-QVKAPMEKLYKKVLPALLOLSCDVEQ-VARQLFEPLLSQLTIHWEFTC
YMVGOGAQOPGEM-QAKNPMTRLYKKVFPVLMOLACDVEQ-VARQLFDPLMMOLTHWLTN
FMLGKGSQQPDQOR-EAKSPMNQLYKKVFPAVLOLACDVEQ-VARQLFEPLVMOLTIHWFEFSG
FMLGKGTQQPEQR-QAKSPMOHLYRRVFPALFRLSCDVEQ-VARQLFEPLVMOLTHWFTG
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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PHHRNSKNEEYGRVLLETLLENIVATNDNNMKELCGTTFTKYLOQCCIHSHIRNRT-EGSV
NKKNENPD---TAVLLESIMDGIVTANNPALRDVSAQCLAEFVIWSRKOSREKNQ--ASL
KRMINSDE---TKQFVQVIWDGLVQOSKDAVFRDFSARCLKEFVQWSIKOTSVREQEENPI
NTQYESPD---TVTLLEAILEGIEHPTNASLRDFSAQCIKEFLVWSIKQOTSKKQQOERSPM
SNNSHRPD---TEALLNSLMDGIVSPSDSAVRDFSAKCIREFLAWSIKQOTSPKEMEAGPA
NRKFESQD---TVAVLEAILDGIVDPLDSTLRDFSGTCIQEFVKWSIKOTTPKQOEKSPA
NRKFESRD---TVAMLEAILDGIVDPVDSTLRDFCGQCVREFLKWSIKOTTPEQQOAKSPA
NRKFESRD---TVALLEAILDGIVDPVDSTLRDFCGNCVREFLKWSIKQOTTPEQQQKSPV
NKKFESQD---TVALLEAILTGIVDPVDSTLRDFCGQCIQEFLRWSIKQOTTPDQOAKSPV
NTKFESQD---TVAMLEAILDGVVDPVDSTLRDFCGQCVQEFLMWSIKQOTTPKQQOEKSPA
NRKFESQD---TVAILEAILDGIVDPVDSTLRDFCGQCIQEFLKWSIKOTTPKQOEKSPA
NKKFESQD---TVAMLEAIMDGIVDPIDSTLRDFCGLCIQEFLKWSIKQOTTPKQQOESTPA
NKKFESQD---TVALLEAILDGIVDPVDSTLRDFCGHCIREFLKWSIKOKTPQOMEKSPV
NKKFESQD---TVTLLEAILDGIVDPVDSTLRDFCGQCVHEFLKWSIKQOTTPQOOEKSPV
NKKFESQD---TVAFLEAMLSGIVDPVDSTLRDFCGQCIREFLKWSIKQOTTPROOEESPA
NKKFESQD---TVAFLEAILGGITDPVDSTLRDFCGQCVREFLKWSIKQOTTPKQQOEKSPV
NKKFESQD---TVTLLEAILDGIVDPVDSPLRDFCGRCVREFLKWSIKQOTTPQOOERSPV
NKKFESQD---TVALLEAILDGIVDPVDSSLRDFCGQCVREFMKWSIKOTTPQOOEKSPV
NKKFESQD---TVALLEAILDGIVDPVDSTLRDFCGQCIREFMKWSIKQOTTPQOOEKSPV
NKKFESQD---TVALLETILDGIVDPVDSTLRDFCGQCVREFLKWSIKQOTTPEQQEKSPV
NKKFESQD---TMTLLETILDGIVDPVDSTLRDFCGQCVREFLKWSIKQOTTPOOOEKSPV
NKKFESQD---TVALLEAILDGIVDPVDSTLRDFCGRCIREFLKWSIKOITPQOOEKSPV
NKKFESQD---TVALLEAILDGIVDPVDSTLRDFCGRCVQEFLKWSIKQOTTPQOOEKSPV
NNKAESEE---SMALLDAIYDGIIQPNDTALRDFCAVCLREFLKWSIKQTK-~-NVEKSPI
NKMAESPE---SMALLDSIFDGLVQODNTMLRDFAAQCLREFLIWSIKOTSKKAMETNPR
NSNYESVE---TIALLNALLDGVIHSTDSALRDFCAKSLREYLHWSIKOTTKKQQEKTSN
NRKYESPE---TIALLDALLEGVVHPTDTSLRDFSAQCIREFLOWSIKQOTSAKQLEKSPI
NRMFESPE---TMCLLDAIMEGIVDATDAALRDFCGSCIREFLIWSIROTTVRQQOERSPG
NKQYESPD---TIILLETLLDGIVHPTDTALRDLSALALEEFLRWSIKOATKNQLEKSPI
NRKYETPE---TMALLDAIVDGIVHPVDTSLRDFSAQCIKEFLOWSIKOSSEKQLEKSPI
NKKFESPE---TIAMLDAILDGICHPTDTALRDFSAKCVKEFLYWSIKQOTSKKTMEKSPI
NRKFESEE---TITLLDAIMDGLVHPTDTALRDFSSRCVREFLOWSIKQOTTPKOLEKSPI
NKKYESDE---TSTLLNAILAGIVHPTDTALRDFCARCISEFLRWSIKQOTSKKQQEKSPI
NKKFESEE---TTALLNAMLDGVIHPTDTSLRDFSACCLKEFLKWSIKQOTSKKQQEKSPI

RYG70451.1
1136
1035
1054
1060
1050
1068
1058
1060
1076
1072
1061
1062
1063
1062
1053
1023
1062
1062
1022
1056
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1054
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1050
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1039
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1070
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

ARCHAEON
MUDCRAB
SCORPION
SPONGE
CAPITELLA
DANIO
MILIT
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS02
POMACEA
TRICHOPLAX
NEMATOSTELLA
PRIAPULA
SOFTCORAL
PISTILLATA
HEMICHOR
BELCHER
STRONG
STARFISH

NMKVIDTALEELCFLLSHPLESKORAGLLLLSNVYKLIRSELVIVKRFSMFILYLLIKLL
NLKSI---LKRIFSFCKHPSAFKRLGGSLAWNSIYREVREDSLAVETWTLEILSHLMSAL
GMNVV---LNCLYNYSLHPNPYKRLGAALAFNSIYTIFREEESLVDKFTLEIAVHFIESL
NTKSL---LKRLYSMSGHPSTAKRLGAALAFNSIYTVLREEESLVDVFIIEMLVVMVNSL
NPKRL---LKRMYSLLEHPSSMMRLGGALMFNSIYSVFREEDALVDQFSLOILSVLVNSL
NMKSL---FKRIYSLALHPSVFKRLGAALAFNSMYRQFREESSLVEQFVFEVLVVFVESL
NTKSL---FKRLYSLALHPNTFKRLGAALAFNSLYREFROESALVDQFIFEVLVVYVESL
NTKSL---FKRLYSLALHPNTFKRLGAALAFNSLYREFREESALVEQFVFEVLVVYVESL
NTTSL---FKRLYSLALHPNAFKRLGAALAFNNIYRDFREETALVENFVFEVLVIYMESL
NTKSL---FKRLYSLALHPNVFKRLGAALSFNSIYRQFREESTLVDQFIFELLVIFVESL
NTKSL---FKRLYSLALHPNVFKRLGAALAFNNIYKQFREESSLVDMFVFEALVIFVESL
NTKSL---FKRLYSYALHPGAFKRLGAALAFNNLYKEFREESALVDKFVFETLVVYMESL
NTKSL---FKRLYSLALHPNAFKRLGAALAFNNIYREFREENALVDQFVFEILVVYLESL
NTKSL---FKRLYSLALHPNAFKRLGASLAFNNIYQEFREENALVDQFVFEALVVYLESL
NTKSL---FKRLYSLALHPSAFKRLGAALAFNSIYREFREENSLVEQFVFEALVVFLESL
NTKSL---FKRLYSLALHPSAFKRLGAALAFNSIYREFREENSLVEQFVFEALVVFLESL
NTKSL---FKRLYSFALHPNAFKRLGAALAFNSIYREFREENALVDQFVFEALVLYLESL
NTKSL---FKRLYSLALHPNALKRLGAALAFNNIYREFREENSLVEQFVFEVLVVYLESL
NTKSL---FKRLYSLALHPNAFKRLGAALAFNNIYREFREENSLVEQFAFEALIVFIESL
NTKSL---FKRLYSFALHPNPFKRLGAALAFNNIYREFREEDSLVDQFTFEALVIFLESL
NTKSL---FKRLYSFALHPNAFKRLGAALAFNNIYREFREEEALVEQFVFEALVIYMESL
NTKSL---FKRLYSLALHPNAFKRLGASLAFNNIYREFREEESLVEQFVFEALVIYMESL
NSKSL---FKRLYSLALHPNAFKRLGAALAFNHIYKEFREEGSLVEQFVFEALVTYMESL
NAKSL---LKRLYSYALHPGAFKRLGAALAFNNIYTVFREDNAMVNLYTFQILVHFVESL
NVTSI---LKRMOSFALHPSAFKRLGAALAFNNIYMVFREEQSLVDRFTFQILVLFVESL
NAKSL---LKRLYSLASHPSAIKRLGAALAFNNIYVVLREESTLVDTFIFEILVNYVNSL
NIKSL---LKRLYSLALHPNASKRLGASLAFNSIYTVFREERSLVDVFVLEILVTYLESL
NTKSL---LKRMYSLALHPSAAKRRGATLVFNNIYTVLREEEMLVDTFIIEILVTFVDSL
NIKSL---FKRLYSLATHPSANKRLGAALAFNNIYRVFREESSLVENFTIEILVTYLESL
NIKSL---LKRLYSLALHPSASKRLGAALAFNNIYTVFREEASLVDIFVLEILVNYLECL
NTKSL---LKRLYSLALHPNVFKRLGSALAFNSIYTVYREEDSLVDQFVLEILVIYINSL
NIKSL---LKRLYSLALHPNPFNRLGAALGFNSIYRDFREESSQVDMFTFELLVTFVESL
NTKSL---LKRLYSMASHPSAFKRLGAALAFNSIYTIFREEEVLVDQFTFELLVVFVESL
NTKSL---LKRLYSMALHPSSFKRLGAALTFNHIYTVFREEDSLIDQFVCEILVTFVNSL

. e e o * % . * .k * . o . o *

RYG70451.1
1196
1092
1111
1117
1107
1125
1115
1117
1133
1129
1118
1119
1120
1119
1110
1080
1119
1119
1079
1113
1116
1111
1108
1107
1111
1096
1114
1127
1109
1127
1127
1133
1137
1133
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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DVKDLSEE-—--NEKVCY-PLSSYVR-————————— e TRIRR——————————————
DLAHNDDLVLGTHEQTRAAILHVRRILIVRKELFWK-MSSNRRIPIDFEGG----TFEDM
ATIAHYDDKILGTQDKCKQALNHLERIMEVKAKLLSK-TSKKRRPLRNINDS----ILPEV

KLAHKDAQSIGTVDQCSLSLDHMSRIIKAKSSTCLSKANKNRRVPRGLKSA—--—--DLSIL
ALAHRDDKSLGTQEQCKSALLHVERILIKKQVTFNK-DSKORIKPRGWRDA----NMTTA
ALAHFDEKSVGTVQQCCSSLDHLKRITIKHKADSLN--INSKRRIPRGFPADQ-SVCLSNV
ALAHADDNSLGTVQQOCCDAIDHLNRITKQKASALN--KPIKGRVPRGFPPDQ-PVSLKEV
ALAHADDKSLGTIQQCCDCINHLKRITIKQKAHELN--KPVKRRVPRGFPADQ-MVCLTDV
ALSHADEKSLGTTQOCSDAVDHLKRITIIRKAASLN--KATKRRIPRGFPQGN-TVCLFDI
ALAHTDEKSLGTLOQQOCSDAIDHLKRITKQKAASLNAEKTSRRRVPRGFPPDK-PVCLLDV
ALAHSDEKSLGTLOOCSGAIDHLKRITIKHKAATLN--KSSRRRVPRGFPPDK-PVSLTDV
ALAHMDEKSLGTVQQOCCDAIDHLKRITEQKAPSLN--KAATRRVPRGFSPDK-VFCLSDV
ALSHQDEKSLGTVQQCCDAIDHLKRIITHKAPSLN-—-KTLKRRLPRGFPSTKSSFCLSDL
ALTHGDEKSLGTIQQCCDAIDHLKRIIKHKASTLN--QKSTRRLPRGFPS-R-SICLEDV
ALAHTDEKSLGTAQQOCCDAINHLKRITIKHKAPSLN--KEGKRRVPRGFPPTK~-SVCLEDI
ALTHADEKSLGTTQOCCDTINHLKRITIKHKAPSLN--RAGERRVPRGFPATK~-TVCLLDI
ALTHGDEKSLGTTQOCCDAVDHLKRITIKHKASTLN--KESQRRLPRGFPPAK-SICLEDI
ALTHTDEKSLGTVQQOCCDAIDHLKRITKHKASSLN--KAEKRRIPRGFPNAK~-SVCLLDL
ALTHTDEKSLGTTQOCCDAIDHLKRITIKHKAPSLN--KAEKRRLPRGFQPAE-SLCLLDI
ALTHADEKSLGTIQQCCDAIDHLKRITEKKHISFN--EEKNRRLPRGFPNAR-SVRLLDL
ALTHADEKSLGTIQQCCDAIDHLTRITEKKHITLN--KPKKRRLPRGFPPVQ-TLCLLDL
ALAHADEKSLGTIQQCCDAIDHLCRIIEKKHVSLN--KAKKRRLPRGFPPSA-SLCLLDL
ALAHEDEKSLGTVQQOCCDAIDHLRRITEKKHVSLN--KAKKRRLPOGFPPLT-SLCLLDL
ATAHEDESSMGTQTQCKMVLDHMERITIKVKANVLSK-EDKNRTEPKQWSVV----KLDIA
GIAHQDEASLGTQEQCKKALEHVEKIVCKRVDILRK-PSPHRKEPSEWSKQ----TLDIA
ALSHTDEKSLGTQEQLSKALAHIERITKAKASTLNK-ESKNRRTPTGFM-TK-TVTLHHV
ALAHTDDPAQGTODQOCSQVISHLERITIKTKATLLDK-ENKQORRIPRGFOMLD~-SITLSHL
ALAHNDEKSLGTQEQCAQALDHIERILRGKAHLLNK-DKKSRRRPKEFTDA----TLFTT
EMAHEDEISLGTQSQCIEVISHLERIIVSKSSVLLN-VNKKRRVPRGFSAD--TTTLRHL
CLSHGDEEARGTQEQCVQVITHLERITHSRAQLLVK-ENHRRRIPRGFASQS-SITLIHM
AMAHFDDKSLGTQEQCVRVVDHLERITRVKANMLNR-TSKTRRVPRDFNRDD-CPTLSHV
ALAHHDEKSLGTQAQCVAVLTHLDRIITTKADLLNK-HSKVRRVPRGFDRES-PPTLPDL
ALAHHDDKSLGTQEQGSEVLKHLERIMRVKAALLNK-ESKNRRVPRGLPEDC-SPTLSHM
ALAHHDDKSLGTQLHGVEVLNHLERITRVKADMLNK-ESKIRRIPREFPAGV-CPTLSML

RYG70451.1
1222
1147
1166
1173
1162
1182
1172
1174
1190
1188
1175
1176
1178
1175
1167
1137
1176
1176
1136
1170
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1165
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1166
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1185
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1195
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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HEMICHOR
BELCHER
STRONG
STARFISH

End RYG70451.1
Start RYG70450.1 (Archaeon)
IFYFILFCVER--BER--BMRTFISIVTILD-—————- ADWSSNVVAR--NAATYVANWT
LLWLLEQCGSPKTLVRHMSMELLESLAPHSKDY--TSVHKFIGQQLEK-PESIKKL -~~~
VEWILKNCGCLQTECRHKCMELVFQLAPCLSGF--NGCKDYFSHLLET--KGKKFF————
TAWLLAQCGSIETEARKMCRKLLVQLAPPSSNV--VNIRMWIRKTIES--EGGNYF———-
VRWLLRQCGRPQTECRHVCMRLVCQLAPCVHEI--NGARELFSVLLSQ--GNSEYF———-
VLWLLTQCGRPQTECRHKSMELFFEFVPLLPGN--SSPAMWLDEQLKQ--RGPGFL———-
VMWLLTQCGRPQTECRHKCMVLFYELVPLLPGN--KTPSCWLADVLKE--RGVSFL-——-
VMWLLTQCGRPQTECRHKCMELFYEFVPILPGA--RTASLWLEEILKR--NGVSFL-——-
VLWLLEQCGRPQTECRHKAMQLFFEFVPLLPGN--KPLTAWLDDQVEK-~-EGIIFL———-
IMWLLVQCGRPQTECRHKCMELFYEFVPLLPDN--KSPASWLDDILKK--QGVAFL———-
VMWLLVQCGRPQTECRHKCMELFYEFVPLLPGG--KNPAVWLEDILKD--EGEGFL-——-
VMWLLVQCGRPQTACGHKAMELFYEFVPLLPGK~--KSPAAWLDEVLKK--QGVSFL-——-
VPWLLGQCGRPQTECRHKAIDLFCKF IPLLPGN--KSPSSWLNDHLKE--EGISFI-——-
VMWLLRQCGQPQTECRHKVMELLFEFVPLLPGN--PSPSSWLGDVLOK-~-EGIYFL———-
VMWLLVQCGRPQTECRHKAMELFYEFVPLLPGN--KSPSSWLADTLKK-~RTVTFL-——-
VMWLLVQCGRPETECRHKSMELFYEFVPLLPGN--KSPSSWLADVLKE--KGCSFL———-
VMWLFLQCGRPQTECRHKAMELFFEF IPLLPGS--KSPSLWLDDILRK--QEISFL———-
VMWLLVQCGRPQTECRHKSMELFYEFVPLLPGN--QSPSLWLGDLLKK--QGISFL———-
VMWLMMQCGRPQTECRHKSMELFYEFVPLLPGN--KSPSSWLGDVLKK--QDSSFL————
VYWLLGQCGRPQTECRHKSIELFYKFVPLLPGN--KSPASWLNDILKE--EGVSFL-——-
VKWLLAQCGRPQTECRHKSIELFYKFVPLLPGN--RSPSCWLTDILKK--EDISFL———-
VKWLLAHCGRPQTECRHKSIELFYKFVPLLPGN--RSPNLWLKDVLKE--EGVSFL-——-
VEWLLAHCGRPQTECRHKSMELFYKFVPLLPGN--KSPSLWLKDLIKK--KGISFL-——-
VRWLMRQCGRPQTDCRHACMKLVHQLAPCITGI--KSTKDYFQTFYKS--EKASYF———-
VRWLVRQCGRPQTECRHACMQLMYKLAPLIPGI--SSPFDYFKAALDI--QNASYF———-
VNWLVRQCGRPQTACRHQCMQLVYGLAPQLSGV--STIQDWVKTIIGS-~SSVIFF———-
IPLLIKLCGKPQTECRHQCMKLVCQVTPLLHGI--GSAATWMKNTHKE-—-~HDSFF———-
VGWLLQQCGRPQTECRHKCMELVCKLSMHQSKLPVKSAAEFFRLLLDL-~HRAEYF————
IPWLVRKCGCSQTECRHQCMRLVSVLAPLLPEC--SSVQTWMKKTVES-~DGEDYF ————
IPWLVKQCGRPSSECRHQCMRLISKLAPLLPGV~--NSAADWMKKTHE -~-DHPSSF———-
VTWLLLOCGRLQTECRHQCMILVCKLIPLLPGN--NSASTWMHRTMAEKGRGPDYF ————
VTWLLQQCGRPQTECRHRCMLLVCSFLPLLPRK~-PSPQAWMKERLKE—-~DGPDFF ————
VMWLMTQCGRPQTECRHQCMVLVYGLTSLLPGR--NTPATWMONTARE--RGAEYF ————
VIWLLRQCGRAQTECRHQCMILIYKITPLLPGH--NTPQTWMONTLKE--KGPDYF———-

HIN *

1269
1200
1218
1225
1214
1234
1224
1226
1242
1240
1227
1228
1230
1227
1219
1189
1228
1228
1188
1222
1225
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1217
1214
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1218
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1243
1247
1243
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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DMLNKFSGCTRA

VIAYVNE-HVNHRMGSNMVLLLFVAALDVYNWLVSMQ

—-VDIIEGGGQAG---LGIKHHTEPTSLATAGVPGN-LMNIYFEALLAGLDGYSWLIGKG

—--LNCFESEMSN
--VTRFESHGH-

—-—-—--SGILKAP

TVPSFNQ-NDGLK-PIINWLEGLHTMLDCYYWVFGQS
TLAPA----PNIN-TAINWLOSLOAAVDNYRWLLKEQ

—--IQRFEFGMY-SSARMGLNQKPTMSRVQE-NFSLN-AACTWFDLVLATLDCYTWVFGER

—--ISCLEGGG—--

------ LLSQP

TLREIEA-PFSIR-GTLOWMDLLLAALDCYNTFTNLR

--IGKFESAGSDHAKCSGIIYQPTLKDLOQE-PFSVR-AALOQWMDMLLAALDCYNTFVRLA
—--VNKFEGAGSDHDNCSGIICHPTLOALKE-PFSVR-AALOQWMDMLLAALDCYNTFIGLH
—--INRFEGAGHSDGMHTGIFNIPALHDLHE-PFSMH-AVLOWLDMLLAALDCYNTFIGMR
——-ISRFESAGREDGGCSGILSQTTLHDLQE-PFSLR-AVLQWMDMLLAALDCYNTFIGLH
——-IRRFEGAGRCDGDSSGLLSQATLRDLOG-SFSVR-AALQWMDLLLAALDCYNTFIGLH
—--IQKFEGGGNTDDRLSGILSQPTLCDLOE-PFSLR-AVVOWMDMLLAALDCYNTFIELR
——-ISRFEGGGSDGDHQSGLIAQPTLCDLKE-PFSLR-AVVQWMDMFLAALDCYNTFIWMR
——-IKKFEGGGCEGENVSGILSHPTLYELQG-SFSLQO-AVVQWMDMLLAALDCYNTFIEPG
—--INKFEGGGTDAKSPSGILSQPTLHGMQE-PFSLO-AVMOWMDMFLAALDCYNTFFELQ
—-INKFEGGGRDADSPSGIFSRPTLHGIQE-PFSLR-TVMOWMDMFLAALDCYNTFFELR
——-IKKFEGGGDEGKSVSGILSHPTLSGLOD-NFSLR-AVVQWMDMLLAALDCYNTFIEQG
——-INKFEGGGNDGDNLSGILSQPTLCDMQE-PFSLR-AVVQWMDMFLAALDCYNTFIEQG
—--INKFEGGGNQODDNLSGILSYPTLHHLQE-PFSVR-AVVOWMDMLLAALDCYNTFIEQR
—--ISRFEGAGTGNDHLSGILVWPTLLDLEG-PFSLR-AVLOWMDMLLASLECYNTFIEEK
—--INRFEGAGNASEHLSGILAQPTLFDLOG-PFTLR-AVVOWMDMLLAALECYNTFIEER
——-INTFEGGGC--GQPSGILAQPTLLYLRG-PFSLO-ATLCWLDLLLAALECYNTFIGER
--INTFEGGASSSDQPAGILAQPTLVYLOG-PISLR-GVLOWLDLLLAALECYNTFIEKE
——-INRFEGKQQ----KYGLLSCPEMTAVDS-SFSVQ-NAVSWFDHYLAALDCYIWTFGES
—-VVRFEGGGQ-VGDRGGLCGHPTPSKVAE-NFSLK-AVLSWFDMLLAVLDCYCWVFGEG
——-ITRFEGGG----SKYGIGRYQTALDISD-TFNLR-SMKNWYDYFLAALDCYSWVFSEK
—-VRRFEGGGG---RGNGILTYPTLADMGG-AFSLK-ETLLWFHYLLAALDCYTWVFGEQ
—-IERFEAGGIPGGATCLSNQ---QEGFEA-PISMT-TALSWFDHMLAILDCYTWVFSAK
—-ILRFECGFA---GKSGIQKHPTLSSINE-TFSLT-TTKHWFDLVLAALDSYIWSFGQR
—-VHRFEGGGGG--GOKGIEQYPTLAHIGG-HFSLK-ETILWFEFVLAALDCYTWSFSEH
——-ITRFEGGGGKGGHKTGISKHPTLNTVDK-TFSVK-VASNWFDLFLAALDCYTWVFGEK
——-ITRFEGGGGKTGHKSGIKKHPKISTMDS-TFTVK-TAVSWFDLLLAALDSYCWVFGQR
—-VGRFEGGGHK----SGIQKQPTLASVEQ-QFSVK-ATITWLEYLLAALDCYVWVLGES
—-VSRFEGGGVKAASRSGISKYPTLSTMGQ-PFSVK-LACSWFDHLLAALDCYTWVFGEK

HHERS

RYG70450.1
1317
1254
1263
1273
1269
1282
1280
1282
1298
1296
1283
1284
1286
1283
1275
1245
1284
1284
1244
1278
1281
1274
1273
1266
1273
1257
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1289
1271
1290
1295
1299
1299
1299
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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ITQVSELFDSVSNSNGEYSCRIFSHIKSVIDSY———————————— ISST——————————-
IVPADKLLKCKE-===—=—— SRILLASSYFLONIATKSLSQYVKDNIRVSE-—-—--TGAIGS
VLKLSDIFNDAS--NRE--SKFFPSIEFFLKTLCIDFDORVOAFFTHESV----KKQIFS
YVSPREIFSSTS——--S--SNLFKSIDHFLKCIALVGIEGVVNSPEV-——————- AMATS
LMSPNQILIASN--NKG--TIIFQVLHHFMEELAQEDISAAVKLFPKVAD----GSSIFT
CLOLORILGTCE-—--K--SSFLPAVHFFLTELSMODIQAARACFRLGNA----GQSHFS
MVKPSELLGTSQ----E--TGFMKAMNFFLKTLARHDITAAEECFTLGVK----GVL-FS
LVKPSKIMGTSE----N--SSFLKALNFFLTNLARHDVTAAEESFAYGIK----GIL-FS
FLKANTVLGKNAE---K--SSFLKAAFFFITSLSMENIKAAEQCMGSKS—————-— S-VFS
LVKPHEVLGAKV----Q--SGFLKAIEFFITELAVODISAAELCFSVGPK----GAL-FS
FVKPQOILGTQE--—--K--SSFLKAIGFFIAELTMQDISAAERCFSSGSE----GSL-FS
MINPREIFGTTS----V--SGFLRAVEFFLTRLATODITAAEQCFTAGSK----DTM-FS
ATKPNEILSTTT----Q--SSFLRTCEFFLOKLCLHDITAAEQCFRTGPS—---GNI-AS
MIKPSEIFASNT----G--SSFLKSLEFFLGKIALYNISGAEQCFSSASK—----GDMLLS
MIKPDEVLGVNE----S—--SLFLKAVQFFLDTIALHDIHAAEQCFDSSSK—-—---GSM-FS
MIKPHEILGVNE----R--SSFLKAVRFFLETIALHDIQAAEQCFDCGLK----GSV-FS
MIKPNEIVATNT----E--SSFMTSVEFFLEKLALKDVSGAEQCFNTASK----GNI-FS
MIKPNEILGTKM----R--SSFLRAVEFFLKTIVLHDISAAERCFDTGSK----GNM-FS

MFKPENVLGTN-====—=—— SSFLRAVEFFLETIALHDIHAAEQCFYTKSK----DNV-FS

TVKAHEILGTQA----K--SSFLRAISFFLERIAFHDITAAEQCFGTGSK----GSM-FS
ATKAQEILGTKA----K--SSFLKAVGFFLENIALHDIRAAEKCFGTGIK----GNV-FS
TVGALQVLGTEA-—--Q--SSLLKAVAFFLESIAMHDITIAAEKCFGTGAA--—--GNR-TS
TVQGQEVLGAEV----Q--SSLLKSVAFFLESTIATHSARAVEQRFGSGAP-—---GPP--S
LLNPDDIFSGEG--RKQ--SKLLOAMOHFLSQVVMEDMDEVGKMFRHEP————- LTDVYT
LLSPAKMFESSG--FKG--TRVFSSLOQYFVTEMALGDLSVAAKQFOQRKA————- EAVFFT
MMSPEQIIGDKAQ-LGS--CKIFGSIEFFLSKLCLHSLDETVKLLYSK-S—---TLQLFT
LLPPADLLRSKY----S--SVLFTSLSYFLSNLAMLGIQAATKCFPKTTH----ITDVAT
LLOPTALFAGGTGKREE--RTCFAMVSDFMRPSGEE-—=——==——=—— RRRRRRWADRRHVH
LLTPSSIFQOGKT----T--SVLWRTLLYFIEKLSLNGIEKAFECFPTTSDG--VNTHAFS
LLSPSWVFTSSEDNEMP--SVLLVSLKFFLSHLAMFGITEATSCFTSGPS—-RGMGDIFT
LLGPIELFAGKA--NKP--TNVFKSVDFFLSKLALEDVYAAAKCITSSS—=——- AGLIFT
FLSPSDVLSGSG--KKP--SQLFTALEFFLTKLALSDIDAAARCFESHG-———- AATLFT
LLTPAAVFKTIKE-GKK--SVLFQTIDSFMKVAQ-YDLFAFAK-=—=——— GCGSMETAFT

LLSPSVVYTATA--RRP--SVLFQSLQYFLSSLSLLDITGAARGIEYGGSKTSAFHQVFT

RYG70450.1
1354
1303
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1319
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1332
1329
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1346
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1332
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1335
1333
1324
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1333
1333
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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—-VTSNSDWROQEDAWIRSVVFLTTIISKSPSGRTLTELQAFGIPITSLFRNLVHFSLNYS
PLEYEASNKLKCTVVVRLFDFVCVLLODGVQS--VOLLNEYSTIFTAEMYGLI-LOCVLNP
PKEKDEYLRLNCFIIVRLINFVTTIVENYHLO---LNTIPSTFWSINFWNCI-YSSVLNP
IHERGEYQRNKWCTIELLLTFIELLLTKHTSETVSFEYVPDSLWSQELYTIV-MDSLFYS
PREREDYNQTKCTVIVRTLSFICTMFGNYKTE--SLKVIPTSFWSSNLWDTL-LLAVLQP
PRETEQYNYSKCSIIVRMLEFSTMVLOKCPQOD--LWKLMEKDVFNSSLFTLV-VLAVCEP
PREREEYNYCKCTIIVRIMEFACLILEGLQQOD--CWKVLEKDLLNSDLFELI-AMVVIDP
PREREDYNFNKCTIIVRIMEFVSMVLEDCQQOD--FLKMLEKYLLNSTLFELV-ATVVIDP
PHEIEAYNYSKCTIIVRIMEFITMFIDICQQOD--SLKILENSVFNEPMWELI-AITVCDP
PKEREDYNYSKGTIIVRMMEFVSMVLENCQPE--FWKLLEQNILNPTFFELI-TTTVCDP
PREREDYNYCKGTIIVRLMEFVTMVLDKCSQD--LWKVLERDILHLTFFELI-ATTVCEP
PREREDYSYSKCTIIVRILTFVSMVLEKCQPD--LWKVLEKDLLTPALLELT-VRTVCEP
POEREDYNYSKCTIIVRIMEFVSMILENCQQOD--FWRLLEKDLLNNNLVELT-VLTVCDP
PHEREEYNYSKCTIIVRIMVFGSMILETHQQOH--VWKLLEKELLNENLIKLV-VKTICDP
POQERDKYNYSKCTIIVRILEFVTVILEMCQOD--FWKLLEKELLNASFIELV-VMTVCDP
POQEREVYNYSKCTIIVRSMEFVTMVLESCQQOD--FWKLLEKELLNASFIELL-VMTVCDP
POEKEDYNYSKCTIIVRIMVFVSMILETCQQOD--FWKLLERELLNKNLIELT-VRTVCDP
POEREEYNYSKCTIIVRIMAFVSMILETCQQOD--FWKLLEKELLNANLIELL-VRIVCDP
POEREEYSYSKCTIVVRIIRFVSMILETCQOD--FWKLLEKELLNLNLIELL-VVTVCDP
POEREEYNYSKCTIIVRIMEFATMLLNTYQ-D--TWKLLEKDLLNATFMELV-VEIVCDP
POEREEYNYSKCTIVVRIMEFSSMLLNTCQ-D--VWKLLEKDLLNAYFMELL-VKTLCDP
POEGERYNYSKCTVVVRIMEFTTTLLNTSP-E--GWKLLKKDLCNTHLMRVL-VOTLCEP
LHEEEKYNYSKCTVLVRIMEFTTTLLIASP-E--DCKLLEKDLCNTNLMQVL-VKMICEP
PKERDEYNRTKCTAVVRTLNFFCVLVARSPSS--VKKLLPSEILGKDLWNLI-SMCVLQP
PKEKDDYNKVKCTVLIRMWNFLTVLIARYPSE--AFKVIPOTLFCDDLWRLC-IRCVVQP
PREIEEYNMCKCTTIVRLINFLAVLLOMSPTS--ITIEGIPROQIWSONLFEMI-FLCILTP
PKEMDEYNRVKCTVIVRIMNFFTVLLOAYPDQ--GFKIVPTSLWSDDLFTVV-FSCALEP
PGEMEKYNRSKCMVVIRAMDLFSILLNMA—-———— SLOVIPDSTWSMELWDVV-LLSVLDP
PSEIQEYNRAKCTVLVRIIAFITLLLOMNAKE--YLEIVPSELWTGKFFEAL-CTSVLEP
PKEIDDYFRAKCTVIVRVLNFLTILLODFPQE--TLKTLPPEFWSEDLFEVV-LSCVLEP
PREIDDYNKYKCTAIVRLLDFISVLLAVHTKD--LSKSIPLSFWSTNLFEVI-VSCVLDP
PRETEDYNYGKCTVIVRIMDFFTVLLGAFPQOD--AYKVVPDAVWKSPLYDMV-VTAALEP
PREEEDYNRTKCTVIIRLFYFMGAMLGSHTKE--ALEVIPSKLWTGLFAEIL-CGCVLKP
PRESEEYNQEKCTVIVRLWDFLTVLLENYASD--AVKVIPKSIWODSLFDLV-VTCILQP

RYG70450.1
1412
1360
1371
1378
1378
1389
1386
1388
1403
1402
1389
1390
1392
1390
1381
1351
1390
1390
1348
1383
1386
1379
1377
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1403
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1412
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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TSLYPNTGDIYN-——=——- TVFTFMKAALETAPAS—=———=——————————————— LCDEIS
SSVGFDVKDTEVTKHLPSRMEEVLKVMOKKVPNVVSAAFIQTLEKYLGSPO-YDVLETFT
KFLGFDMTDTYIFNQFPKETRTLLKVFYEYMPKPLYNNFNEHLYEYL--ESKCNIYNLFP
SLVNTAPDDPSTAKRISEAAVSCLTAMCTSLPIDVKONLIAYIASNINTGOTNNVINRLP
TQLGFNMGOVEVMNHLPEQTLGTLQITLMRSLPRNLAQELIESVSRHLN-MSSCDLSSKLP
SSIGFNMADLEVMTHLPEVCFPLLKALASA---PYRTQLESCIRMRITKQSVEELCAID-
TSIGFNMADVQVMKNLPNVCVKLLNAVMKS---PFKETLVDSVRKRITAQSIEALCNVD-
PSIGFNMADVQVMKGLPDICVRLMKAALRS---PYQESLECSMKKRLKSQSIEDLCNVD-
SSIGFNTADVEVINNLPNICIKLMKALGNT---SYRSSLEVSLKKRVTLOQSTIEELCSVD-
SSIGFNMADVEVMKNLPDICVRLLKALAKS---PYKGQLEISMKRRISYKSVEELCGVD-
SSIGFNMADMEVMTNLPEVCVHILKALLKS---PYKTQLEQSIRRRVSQONVEQLCAVD-
ASIGFNTADVQVMKNLPEICVRLLKALMKS---PYKDTLEASIRKRITARSIKELCSVD-
SSIGFNVADVQVMKNLPDVCIKLLKGLMKS——--PFKNDLEFSIKKRITSESIKDLCDVD-
ESVGFNIADVQVMENLPSICVRLVKALMKT---PYNESLENSIKEIITMKSIEELCTVD-
SHVGFNTADVQVMKKLPDISVRLMKALMKS---PYQESLKLCLKERITPQSLEDLCSVD-
SHVGFNTADVQVMKNLPDISVRLMKALMKS---PYKESLKLSLKERLTPQSLEDLCSVD-
KSIGFNTADVQVMEKLPDICVRLIKALMRS---PYKESLVTSMKKVITPESIEEFYGVE-
ANIGFNTADVQVMKNLPDVSVRLIKALMKS---PYKESLELSIKDRITSQSIEELCSVE-
SAVGFNTADVQVMKNLPDNTVRLMKALAKT---PYKSSLELSIKKRITSHSIQELCSVD-
SSIGFNVADVQVMSNLPDVCVSVMKALKKS—-—--PYKDALEGNIKKRVTAQSTIEELCTVD-
SSIGFNIADVQVMNNLPNVCVNLLKALKKS---PYKESLEINIKKRITPQSIEVICAVN-
ASIGFNIGDVQVMAHLPDVCVNLMKALKMS---PYKDILETHLREKITAQSIEELCAVN-
MSLGFNIGDVQVMNHLPSICVNLLKALRKS---PYRDMLETHLKEKVTVQSVEELCSIN-
SAVGFNLGDVEIIKNLPTEMEQLLKVLNAKLOPDVLAAMCKEFGRLL--QGDRDLSGLLS
SSVGFNMGDIEIITKLPHEMMOVLKVLSKQOLPLPERKELVKILEQEL--KGKGDLFGQIP
HOLGFNVGDIEVLEKLPQOMKDVCGLFOMKLPKDKRELMIITLKELLSRNRSYNLPDLLP
ALIGFNVGDVEVIEKLPEQVSMTEAAWHISMFLG-—======—=—————— FSRCNLFEKLP
TRVGFNMADIEVVEKLPEQTERLLIALSWKLPNAPKKELHSRVAR----SLSEKKYNILP
OSLGFNVADLEVLEKLPEQTFELCKSLASKLPKOFLIHLTTTLMSKISLGGRCNLFELLP
GVVGFHMGDVEVVEKLPEQTGVLCKLLVQRLSGECLERLKGTLEKKIALGSHCNLFDQLP
SSVGFDLADIEVISNLPKTTGOLLMFMTQOKAPGNVSSEMKKCLOEKLKPKSHMHLMNITP
TALGFNMGDVEIMEKLPQETKQLLLLMCRSLPSQQGALLKSQVAAKLSRRSSHDLFSHLP
ASLGFNMADTVIMNALPOQTTNRVLDLLYTKLPTEQLKKLETVIHKRITASRSEDLFSILP
TVVGFNMADVEIMNNLPKTTRKLLRLMSTHLPANLRNNLSKAVTRSVTKSSHHDLTKLLQ

RYG70450.1
1446
1419
1429
1438
1437
1445
1442
1444
1459
1458
1445
1446
1448
1446
1437
1407
1446
1446
1404
1439
1442
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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ALLIGATOR
PLATYPUS
TASDEVIL
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HEMICHOR
BELCHER
STRONG
STARFISH

GILVGAVDAQVOHFQOQOIQSDDENSYSLVKRTOQLLLKLALALRP————~— GVVATSVIHSEV
SPLAE---GVNVPLK-——————— SQHVIEGLQILQORS-GWLAQ————- CSVIRKSLASEL
LNLN---DKDLKILE-===—=—=—— IOQEMLLGYEQLIEN-KL----WPKONCNKSKKLACDM
VSYN-ESTTSSGILL-——————- FNRLVQGHIYLAESNKCLSDVLKSMGISEEESLAMRL
IPLL---EPNODYIQ-=-==———- LRLLVSGFEQLNSA-GLLSNTLVS---KSSEKLAEDL
--LY-ETDTRNSHAS——==———— MNLLLSACRQLHQS-GLLNSVLHSQDASYGCSLGSKL
—--LY-SPGARTDHAG———————— LRSILSACQQLHKA-DLLNSAIDCEAGSLSSSLSLKL
--LY-SQ---SDHAK———————— LNSILLACKQLHKA-GLLNSVLKCQIGSIVPPLNLKL
--LY-DPGARFNRVK=-—==———— LGSVLSACKQLYKA-EFFNSIVPEQVGGQ--RFGSKL
--LC-NVDARSDRAR-—==—==— LVFVLSACKQLHKA-GLLNSALQSQAASFGLSLGSKL
—--LY-GSEARSEHAR—-——————— LALVLSACKQLHRA-GLLNSTLQSQAASFGLSLGSKL
--LY-NPDARILDHIR-—===——— LGSILSACKQLYDA-GLLNSAVQYQSGDFNLQLGSTL
--LY-NODARHYHAR-—==———— IGSILSACKQLHKA-GLLNSVLOSQTAGLQFTVGSKL
--LY-NPEARLDHVR-—==———— YIATLSACRQLHKA-GVLHCILQSKGADLQFETGSKL
--LF-NSEARLDQVR=-===—==—=— FGAVLSACKQLQOKS-GLLHSVLHGQODEGSHFSVGSKL
—--LF-NSDARFDQVK=-—==—==—=— YSATILSACKQLQKA-GLLHSVLHNQDEVPHFSLGCKL
--LY-NPDSRLDHVR=-===——=— LGAILSACKQLHRV-GLLHCTLQSQGVGLHCEAGSKL
--LY-NPDARFDHVR-—==———— LSSILSACRQLHKA-GLLHSTLQSQGSGLHFTVGSKL
--LY-DPDARFDRVR=-===—=—— ISSILSACKQLHKA-GVLHSVLOSQGSGLHFTVGSQL
--LY-KPDARFDRPR-—==——=—— LASTLSACKQLORA-GLLHAAVHPQASHLQRPGSTKL
--LY-NSDARFDRAN=-—==———— LASLLSACKQLHKA-GLLHSTVESQATDLPHPIGTKL
--LY-GPDAQVDRSR-—==———— LAAVVSACKQLHRA-GLLHNILPSQSTDLHHSVGTEL
—--LC-SSGARQERSK———————— LLSILSACKQLHKA-GFSHVISPSQSTALNHSVGMRL
RPLDD---PSTDHVF—==——=——— LOQOLVSGYQLLHSV-GLLSKVSM--ATTLPD-LANKL
ISLTS---SSIDYTN-——————- LOQTVEGYCQLHDV-RILLEVLG--KHGOPEKLAELL
IRFDRDNELNIDFER-===—=——-— LTFLIKGYKQLLTM-GILKTTPADHK—-———— DLIEKT
IPLAGE-DSRVDHLY-====——-— LSHLVTGYKQLHAA-GLLMDVMLTRGSTKPLEYGSRL
RLPCLMTDTGDDTRY—==—=—=—— LSSLVCGYEQLYKA-ELLLPALQEAAP----ALPASL
LPLSGEECDOMDHTR-====—=—~— LOLLVRGYQQOLHRA-EILLPALAKEGEWSAEKCSEEL
FPLSNPOQEHQVDCLR-—==—=—=— LAYLVOGYQQOLHCA-GLLLPALKAQARNASEEYAVKL
SILKGD-DKGINYVK=-=====—=— LTHMVSGYEQLHKA-NLLLPALQKTGMASGDKFSQQL
EVSAGV--AELDHVR-===—=—=—— LTLMVSGYQQLHNA-GLLLPA---LGTNSGKSLASEL
MLFSNESDLGLDHVQ=-=—==——- LOHLVNGYKQLOKA-KLLTRQT--TNQALS—=———- I

SMFGRDEGLTTDHGK—-——————— LIHLVKGYEQLHQA-NLLSAAT--TGHGSGSSFAVKL

* :

RYG70450.1
1501
1462
1473
1489
1482
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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LNV---IFHLCRVSADEM--KLIKKS----DTTAELLSLLFAGDLPFYSSGLSLSQETLV
IMW---VCNSLFMYG————— SASSPHPTQLPFLHVVLDFAVTLDS—=====—=—— QOVLELL
LSS---VWESCILETEIG-CCIPILNPSVLNFGKKMLTVALKLDI-———————- SSEDLL
YTNALTIIRGISSSPGDGTP-GYYMPPLHKLTGELLLKLGLELSD————————- SVEPFL
VNT---VFMGMVTAVD-GKPTLVNLSPVSOSLAEKMLTLAFOMGY —====—=—=— PEKNLV
LTS---VYKSTAPGTDR--KSLPSMDVGSRKLADRLVQLSFCLGD————————- QSEQTV
LSV---VYKGIAPGDER--KSLPSIDVSSKQLADGLLOLSFSLGG-———————- QCEELV
LST---VYKGIAPGDER--KSLPTMDVSSKMLADGLLOLSFSLGG————————- QCEELV
LSV---VYKGIAPTNER--KSLPSLDISSKRLAEGLLELAFMFGG————————-— QCEELV
LSV---VYKGIAPGDER--KSLPSMDVSSRKLADGLLOLAFSLGG————————-— QCKELV
LSV---VYKGIAPGDEK--KSLPSMDVSSRRLADGLLOLAFSLGG-———————-— QOSEQLV
LSV---VYKGIAPGDER--KSLPSIDISSKRLADGLLOLAFSFGL————————- OSGELV
LSV---VYKGIAPGDER--KSLPSLDISSKRLADGLLOLAFDLGG—-———————- QCDELV
ILV---VYKGIAPGDEG--RSLPSLDIGSKRLAEGLLHLAFAFGV-———————- RCTELV
LSV---VYKGIAPGGER--MSLPCLDLSRKRLADSLLOLAFAIDE-=====——— OCEELV
LSV---IYKGIAPGAER--LCLPSLDISKKRLADGLLOLAFAIDG-=====——— OCEELV
LLV---IYKGIAPGDER--KSLPSLDMSSKRLAEGLLOLAFAFGV-===—=——- QCKELV
LSV---VYKSTAPGDER--KSLPSLDISSKRLADGLLOLAFAFGG————————- QCEELV
LSV---VYKGIAPGDER--KCLPSLDISSKRLADGLLOLAFAFGC————————-— QOSEELV
LSV---VYKGIAPGDER--QSLPSLEISSKQLASGLLELAFAFGG————————- LCEELV
LSV---VYKGIAPGDER--TALPSLEISSKRLASGLLELAFAFGG————————- LCEELV
LSL---VYKGIAPGDER--QCLPSLDLSCKQLASGLLELAFAFGG————————- LCERLV
LSL---VYKGIVPAEER--QCLQSLDPSCKSLANGLLELAFGFGG————————- LCDHLV
LEY---VHSSLICVEG-GTKKSQTPSPTAQVTATRMLELSFCLGV—-———————-— QIKKVV
FDS---VLKGITEKKD-GKDKTVSLSPAAHRFASQLLKLAFQLGL-======—— PAEKLV
MKS---V--VDCFRGREMNGDRTALSPAQOKVAAELLDLAFELNE-===—=——=—=— TIDIFF
LNA---VYEGACRAAVRTSGSIIVLSPASHOLACKLLELAFDLGI-=====——— EVITIF
LTS---VFEGCTLSPRDGVSSLTGMSPSVRELGGRMLRLAFTMKV————————— ESDSLL
LKS---VFOGFIVODSD-VFRIVNLTPASRELAKKLLDLAFDLGL=-=====——— KIESVL
FTA---VYDGVKPSLNVG-LOTVILDPASQHLASKLLDLAYDLGL-======—— OFNYLM
LTA---VFESISTKOSN-SLIVSHLSPTAHELAVRLLDLAFLLAS—===—=—=——— OSKELV
VSA---VFKSMVTRKD-GHPTAASLPPSFHQLTGGLLOQLACQLHP————————- QGHDLL
LDF---VMRGLVKRGENGQ-EARKMTPSEIDLGORLLELAFQLGV-====—=——— OTNSLT

FIT---VFDSLTTSDEAGKLLOANLTPLSVELAESLLDLAFLLGI-======—— EAKMLV

RYG70450.1
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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RYG70450.1

FSDSAAAKNPSLLSV-————————— IAHPKYGSKLYQQYSRLIIDAVVTAPSSSPVSLYH 1602
VKQ---VTNMEDVKG—-——————~— VTGQQIEKGFHILNVLGNKIIPHILPCCD———————— 1546
KKL---LD-EQQLYVSNLK-—————— TKTRRGLIMFSTYQQEISLFAGINSK———————= 1561
LLV---LS-PAQSGA-——————— GASFAAQDGLLLYITYSGLINNKLLLHIK-——————= 1579
ELI---FN-SNNIHGVSTS-——-—— VQCSPHGTLFYAAFKSVVNLNFVKSVE———————— 1571
GLL---LN-TITLSV-PLSGSLNPHFLSFSHGEYFYSLFQTSLNTELLRSVD-——————— 1586
SLL---LN-TMELSV-PLSGATQKNFITFSHGEYFYSLFSETINAELLKSLK—-——————— 1583
SLL---LN-TVELSV-PLSGASQRHFISFSHGEYFYNLFPETINSELLRNLN———————= 1582
SLL---LN-TVILSV-PLPGTSQRNIINFSHGGYFYTLFAETINTELLNNLD———————= 1598
DLL---LN-SIMLSV-PLSDTSQKNFITFSHGEYFYSLFQETINSELLKNLD———————= 1599
SLL---LN-TIMLSV-PLSGTSDKNFISFSHGEYFYSLFQQTINIELLGSLD———————— 1586
CLL---LN-RVTLSV-PLSGTSQRNFITFFHGEYFYNLFMETTNSELLRNLS-——————— 1587
SLL---LN-TVKLSV-PLSGTSQRNIISFSHGEYFYSLFSETINTELLKNLN———————— 1589
SLL---LN-TLMLFV-PLSGAAQESLINFSHGEYFYSLFLEI INRELLKNLE———————— 1587
SLL---LN-TVVLSV-PLSEASQNQLMNFSHGQYFYSLFSETINQQLLKNLD———————— 1578
SLL---LN-TVVLTV-PLLGASRKNLVNFSHGEYFYSLFSETINEQLLKNLD———————— 1548
SLL---LN-SLMLSV-PLSGVSQRNLISFSHGEYFYSLFSDTINRELLKNLD———————— 1587
SLL---LN-TMMLSV-PLSGTSQRSLISFSHGEYFYSLFSETINQELLKDLD———————— 1587
SLM---LN-TAMLSV-PLSEAAPRNLLSFCHGEYFYNLFSETINHELLKNLD———————— 1545
SLL---LN-TVVLSV-PLAGTSQRNLISFSHGEYFYNLFSATINTELLKNID———————= 1580
NLL---LN-TVVLSV-PLSGTCQKNLINFSHGEYFYSLFSEVINTELLKNLD———————— 1583
SLL---LN-PAVLST-ASLGSSQGSVIHFSHGEYFYSLFSETINTELLKNLD———————— 1576
SLL---LN-SAMLST-QYLGSSQR-NISFSHGEYFYSLFSEVINSELLKNLD———————— 1573
MCI---LD-ESMVEGTAK-—————— GYSQSHGELMFTAFKTTVSVHLAKAMA-———————— 1565
EGI---LD-IRIIQGLSL——————— GIEYMLGDHFFTLFKTPISSHVAASS————————— 1572
RYL---LD-ETK--L—-———— YGDSNSATATLGMTLYYTFNSNINAFLAKVSN———————= 1559
RRA---VN-ILLIQM-———— ICFLFSDGSSVGAVFYTTFQASINTYLIKNAQ-——————— 1569
SLL---FD-DTRLLGVSAK-——————— QTTKGSMFYSTFGHEINNHLVGMAT-——————— 1582
HCI---LN-KSCLADAKGS-——————— SSTVGMVFYQTFHNTIEHLLIKNSS———————— 1578
ESI---ME-DSND———————————— NPGSSCGCTFYRIFQTSINGFFIERAN———————— 1597
SCL---MN-KTPVKTGRVD—————— SSAGYCGLSFYSHFKVPINTQLAQHGQ-——————— 1602
DCV---MN-KTPLMTGGGK-————— KSSTFQGMVFFSTFKSCICQQLIKTCA-——————— 1602
DCL---LE-TTPVVSSTRSLTSKLSASQTSLGVLFLTTYKQPIMDQLVKHGQ-——————— 1603
SCL---LD-KTALFSGRS————————— STSKGAVFYTTFKTKLNGEMAVQAQ-——————~— 1608

* :
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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SDNLLHILSSSQHEPSRILLE

DILSYISDOQIACNPELVNYVVYTM-VP=-=—m—————————
LIVTTLLELVKEGKFLEVMSFNGMLLNTLIRNSELRK--
HFISSLMNNINKSKTTVLKILVGI-LDSIGKVKEFRY--
MAIDVLLKNAKTHPQQVSVILNLL-LEYVOKDFKINNNN
KFVPLLMRHLEANGETLSSVLIGI-AESVISDRPLRK--
RSVPLLLSSANQNPSMVSVLLNGM-LDHSFRERSVRK--
SAVTQLMRSASENPKMVSTVLNGM-LDQSFRDHTVRK--
SAVAQLMTSARENPKMVSAVLNGM-LDHSFRDHTVRK--
TIVVELMKSSLEDPKMVSCVLNGM-LDOSFRORTIRK--
TTVAQLMKSAAENPKMVSMVLNGM-LDOSFRERSVRK--
STVPOLMSLAAENPKMVSAVLNGM-LDQSFRDRSVRE--
TAVSQLMNSAAENPKMVGAILNGL-LDOSFRNRTVRK--
TATILOLMKSSVDNPRMVGTILNGM-LDOCFRDRTVRK--
IAVLELMKSALDSPKMVSTVLNGM-LDQSFKDRATCK~--
VFIVRLMKSSISNPQMVGSILNGM-LDQSFRDRAVRK--
VITILOLMESSVSNPQMVGSILNGM-LDQSFRERTIRK--
VAVLHLLKSSLDSPKMVGTILNGM-LDQSFRDRAVHK--
VAILQLMKSSVDSPKMVGTILNGM-LDOQSFRERAVRK--
VAILQLMKSAVDNPRMVGTILNGM-LDQSFRERTVRK--
TAVLELMKSSVDNAKMVGTILNGM-LDOSFRDRIVRK--
TATILELMKSSVDNAKMVGAILNGM-LDOSFRDRAVRK--
LAVLELMQSSVDNTKMVSAVLNGM-LDQSFRERANQK--
IAVSRLMESSSDNPKMVSTVLNGM-LDTSFRDRAVQK--
OAVPVLCEHAQKQCYRVMSILVTM-VDTVSKDKNLRK--
DVVSLLMNKATVDPHRVCNVLVAM-LENVAQDRRIRK--
RCLPMILDLAASKSFMISGILSGL-LDFILRDRGLRQ—--
SHIPQLVSMATSYSSHVCSILNSI-LDQFNRDKTSRK--
VLIPKVLDRINNRESVVMTILTDL-LDQVGKDRETRK--
EHLPKILEYNRDEAQWVSSTVIAL-LDSMVKDKELRK--
IHMANILMKAASSPFLVLSLLNGI-LDQVIRDKILRT--
EVVPLLLRHVVADSTIVSTILNGL-LDHITNNRELRK--
ESLPVLLOOLTAEPVWVGSILHGL-LDHLAKDKTLRK--
DTVYELSNRVREDRGTIGMIIYGL-LEHAVGNREIRK--
KVIPLLVREGGKDVTVVSSVLNGL-LDYLTSSREVRR--

RYG70450.1
1649
1583
1597
1617
1607
1622
1619
1618
1634
1635
1622
1623
1625
1623
1614
1584
1623
1623
1581
1616
1619
1612
1609
1601
1608
1595
1605
1618
1614
1633
1638
1638
1639
1644

36



Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

ARCHAEON
MUDCRAB
SCORPION
SPONGE
CAPITELLA
DANIO
MILIT
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS02
POMACEA
TRICHOPLAX
NEMATOSTELLA
PRIAPULA
SOFTCORAL
PISTILLATA
HEMICHOR
BELCHER
STRONG
STARFISH

LLESRVNLTTL---SS---SAILOLATILAQVTAITSRLCEC----RA

———-KHSVKVVQAFLHHWSTYSTEAGKSS---THQESVLDLLSSLFLVDREGTMKAHCSAE
———-RYGKDIINSIMCQWSRLOQQCLEESC-DIDLONDIITLITKMFLIDSSFIKGNVN-YD

NNKETVETLCTELISHWODLSLWWEDGS--KDLKSAAVTLLOKITALKPKLLLKSAD--V

———-SHGKMVSRAIVSQWSSLSVWWSESTASLDTKMVAITLLTKLMQIDSTVIIDVKN-KS

—-—-SQOGSQLAEQVLKGWDLLRPWWDGPAATPESKTSVLSLLAKVLQIDSSVCSNTSH-PA
——-TQGVLLVSAVLTNWTRLESWWSENS-SAESKMAVLTLLSKVLQIDSSVSFSSNH-EA
——-KOGIYLVSAVLSNWAKLDSWWSVKS-SPESKMAVLTLLSKVLQIDSSVSFGNSH-DA
-——00GVKLVNAVLENWRRLDSWWYKDS-PSESKMAVLTLLAKVLOQIDSSVCFDINH-SA
——-TQOGSQLVGGVLGSWTSLQSWWASSS-SAESKMAALTLLSKVLQIDSSVSFNTSH-LA
——-SQGRQLVKRVTQAWSSLGSWWSSPASTSESKMATLTLLSKVLQIDSSVCFNVNH-EA
———-0Q00GSQLVDTVLONWTKLSSWWIRSS-SPESKMAALTLLSKVLQIDSSVSFNPNH-AA
-——00GVKMVIAVLONWKKLDSWWDKNS-APESKMAVLTLLAKVLOQIDSSVSSNAHH-EA
-—-—-00GVKLVAAILKNWGHLDHWWAKDA-SPESKMSVLTLLAKVLQIDSSVSFT-HH-EA
-—-—-00GAKLVTAVLRNWEKLDGWWAKGS-SAESKMALLTLLAKVLOQIDSSVSFNTNH-EA
-——00GVKLVTAVLRNWKRLDSWWAKGS-APESKMAVLTLLAKVLOQIDSAVSFNTNH-EA
-——00GVKLVNAILKNWVHLDNWRTRDS-APESKMAVLTLLAKVLQIDSSVSFSTQH-EA
-—-—00GIKLVTAVLRNWMRLDSWWAKDS-APESKMAVLTLLAKVLOQIDSSVSFNTNH-EA
-——00GMKLVTAVLRNWMRLDTWWAKDS-APESKMAVLTLLAKVLQVDSSVSFNTKH-EA
-——00GEKLVDAILONWKRLDTWWAEDS-TPESKIAVLTLLAKVLOQIDSSVSSNTNH-AA
-——00GMKLVATILONWKKLDTWWAKDS-VPESKMAVLTLMAKILOIDSSVSFSINH-GA

——-HOGLKLATTILOHWKKCDSWWAKDS-PLETKMAVLALLAKILOIDSSVSFNTSH-GS
—-—--HOGLKLATAILONWRKCDSWWAPDS-APESKTTVLSLLAKMLOIDSALSFDTNH-SS
———QISANVVTSVVEKWKSISSWCLA-T--PELHSMAMLLLTKLVLLDSKVVTDSSS-GH
———-SNGPRIVDMVASKWHHLESWWQAGS--SDLQGLAVLLLTKLLLVDSKAVLNVEK-SH
———-SKGIHISKKILSSWNSLKCWWLTPD-AQDLLQISVNILNKCLTLDPQFATQSND-SS

—-—-RYGSVVCASIVNSWEVFSSLWDMSS-SSELKQALLEIMKKLLLSDPKCLIDPAK-PA
——-RYGSGVVNTVLQCWGHLRDLWVATS-TPDRKDMLLMLLRKLLLIDSSVATKGSH-SA

———-MNGRKMTTVLLESWERLSHWWENGG-EEL-KRSTAILIRNILIVDPKCLSEVK---S
-——-RNGSSFVAVLLNNWTSFEIFWRTHS-AMDLRHSILMILKKMLILDPAKVTDCNR-LT

———-KKGLTVHAAILSNWSSLKSWWSEGA-THDQRSSTLILLKKLLQIDSKFASDPTH-AA
---KEGAALCDSLLOSWPKLAPWWEEGA-LODSKSTALTLLRKILIIDSQVSRDPAH-PA

-—--RYGMAIYSAVLTOWDTLSNL—-===—=——

——-THGMSVHSAILTQWDILMGGLKKGC-STDLQSFALLMLRKLLQIDAKFVSDTTH-PV

GOQEDDFMLNLMKKVLOIDFKFATDPTH-PT

RYG70450.1
1687
1637
1652
1673
1663
1678
1674
1673
1689
1690
1678
1678
1680
1677
1669
1639
1678
1678
1636
1671
1674
1667
1664
1654
1662
1650
1660
1673
1666
1688
1693
1693
1688
1699
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

ARCHAEON
MUDCRAB
SCORPION
SPONGE
CAPITELLA
DANIO
MILIT
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS02
POMACEA
TRICHOPLAX
NEMATOSTELLA
PRIAPULA
SOFTCORAL
PISTILLATA
HEMICHOR
BELCHER
STRONG
STARFISH

LRTYMLHELMLTFDNPKDVTKVVQCLSWLPLLLPGCTTSSSRSLSLVDMQGEAAELARVQ

DAGVLKFYRRLLIEDKATLSMKNKALKLLPFFLT-====——————————— MSKQVSKSIS
SNSIFFSFITLLOKSEMSLEFKICVLDLLPFFLC-=====———————————— DAFLCKVQ
SKPLVDMYTAMIGDEKLELNFKAVMIDLLPSFLL-======——————— LSS-PEHQSQLK
FYYVFKMFLGLISDKNNTLOFKTRVLDLLIFFCN-===———————————— LPAEENKQLE
FNAVFTTFTALLTDVSMPLNLKSQALIMLPFFTA-—=—————————————— LPSMPLEELR
FAMVFHTYTTILTDSTLALNLKSQAMITILPFFAH-——————————————— LPEENLAVLR
FSMVFQTYTTILTDSTLALNLKTKAVIILPFFTQ-=—====—————————— LPEENLVTLK
FAEVFKTYTSILTDOQKLGLNLKSQAIIILPFFTK-====—=————————— LTGEKLTELK
FAVVFSTYTTLVTDSTLPLNLKSQALITILPFFTN-===———————————— LLGSTLADLH
FEAVFTTYTALITDSALPLNLKNHGLIILPFFTN-===———————————— LPESTLAELQ
FPAVFNTYTTLLTDOQTLALNLKSQAVIVLPFFTN-==————————————— LPEDHLADLK
FSAVFNTYTSILTDOKLGLNLKSOQAIIILPFFTIN-==—————————————— LTGDSLNDLK
FPNVFNTYTCLLMDOKLGLHLKSQAIIILPFFTE-==—==——————————— LVGEGLHKLK
FTAVFNTYTSLLTDONLGLNLKGOQAVIILPFFTN-==————————————— LTGEKLNDLK
FTAVFSTYTSLLIDONLDLNLKSQAMITILPFFTN-===———————————— LTGEKLNDLK
FSDVFNTYTSLLTDONLGLNLKSQAVIILPFFTN-==————————————— LVGERLVDLK
FSAVFNTYTSLLIDRNLGLNLKSQAVIILPFFTN-===———————————— LTGDRISELK
FFAVFNTYTSLLVDONLGLNLKSQAVVILPFFTN-==————————————— LTGERLKELK
FSAVFNAYTSLLIDKKLGLNLKSQAVLILPFFTN-===———————————— LTGDRLNDLK
FLDVFTTYTSLLDDPKLGLNLKGOALITILPFFTN-==————————————— LTGERLEDLK
FPEVFTTYISLLADTKLDLHLKGOAVTLLPFFTS——===——————————— LTGGSLEELR
FSEIFTTYASLLADTKLGLHLKGOAIILLPFFTS—====——————————— LREGSLENLK
FPEVFETYLSMLTEKKTTLSVKCKILELLPFFAT—-—==———————————— LPEPHLKKLK
FTTVFTSYCTILAEKKTNLAFKNRALDVLPFFAA-——————————————— VPDAKL---K
FETVFNFFLSLLSGTSTSLAFKKYVLDLLHFFLV-===—m SSDKRIRELR
FOQIVLKMFTSVFDDKNLTLTFKSRAVELFPYFKN-==———————— - ———— LPDNYQSQLK
HRDVYDTYCCLLVDAGTSLAFKTRVMELLHFYCE-===———————————— LPEQETTKLR
SRGMFKTYNGLLKDKTITLTVKIQCLELLPCFTS-======—=——=—=——— ATIPSEQTEALR
FPSLFEMYLLYLKDKSTTLAFKGOQVLELLPYFTK-======————————— STEEYLRRLK
FKPVFDMYLNMVTDSNTSLAFKSRVLEILYFFTR-=====—————————— IPEQELSLLQ
FOPVFTMYLDMLTDSRSTLPFKSQVLDLLPFFTV-m=—m—— - ———— LPOQTQLAELK
FRPVFNQYLSMLRDSKKSLAWKTQVLDVLYFFAN- === —————— - ———— VPEKEEKELK
FSSVLEAYSFMLTDASTSLTFKAQVMDVLFFFTS—===———————————— LPDGEQTKLR

RYG70450.1
1747
1681
1694
1718
1707
1722
1718
1717
1733
1734
1722
1722
1724
1721
1713
1683
1722
1722
1680
1715
1718
1711
1708
1698
1703
1694
1704
1717
1712
1732
1737
1737
1732
1743
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

ARCHAEON
MUDCRAB
SCORPION
SPONGE
CAPITELLA
DANIO
MILIT
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS02
POMACEA

TRICHOPLAX
NEMATOSTELLA

PRIAPULA
SOFTCORAL

PISTILLATA

HEMICHOR
BELCHER
STRONG
STARFISH

EGLENLVSTRFPLDSSQLPVSSSQGKEFLVILEAYLOAFQACGSVIMLPPLYPALREGK-
EDLEMVSFKHFPMOSSEFPVGGSRDRDYHQALSEILTALELSLSLELLKFILQOVFCNED-
AALNDLFTNHFPLYSSELKPGSSQYNDYHLAFTKLLIALELTGNEMLLKFVIQIMCRES-
GSLNRLVSLQFPLTSSELPAGGPLLNEYTNIIEKLCNSLVASGSLVLLELIINIMCREV-
SCLNQFVADCFPMSSLEFHAGSQQQOKCYITALDRLLLAMELSGSLMLLNLIISVICKEV-
RALESLVATHFPMOSDEFPRGSLOCNNYMDCIRKFLEALQLSQOSPLLLKLMARVLCRDK-
HALDQFVAAHFPMKSDEFPKGTLKYNNYVDAIKKLLDALELSQSPMLLKLMIAILCRDS-
NALNHFIASHFPMKSDEFPKGTLRYNNYVDCVKKLLDALELSQSPLLLOQILTEVLCRDN-
NTLDQFVASNFPMKSDEFPKGTLKFNNYVDCIKKFLDALELSQSPMLLOLMTEILCRDE-
NALEVLVASHFPMOSDEFPKGTLRYNNYIDSIKKFLDALELSQSPMLLKLMTGILCRDN-
RALEMLVASHFPISSDEFPKGTLRYNNYVDTIKKFLDALELSONPMLLKLMAEIL.CRDK-
NALDQLVAFNFPMKSDEFPKGTLKYNNYVDCIKKFLDALELSQSPMLLRLMTEILCRDS-
NALDQLVAFNFPLKSDEFPKGTLKYNNYVDCVKKFLDALELSQSTMLLKLMTEILCRDT-
HALDQLVAYNFPLTSDEFPKGTLKYNNYVDCVKKFLDALELSONSTLLELMTEILCRDN-
NALDQLVAFNFPMRSDEFPKGTLKHNNYVDCTKKFLDALELSQSPMLLOLMTEILCRDN-
NALDQLIAFNFPMRSDEFPKGTLKHNNYVDCTKKFLDALELSQSPMLLOLMTEVLCRDH-
NVLDQFVAFNFPLRSNEFPKGTLRYNNFVDCTKKFLDALELSQSPMLLOLMTEILCRDH-
NALDQLVAFNFPMKSDEFPKGTLRYNNYVDCTKKFLDALELSQSPMLLOLMTEILCRDH-
DALDQLVAFNFPMKSDEFPKGTLRYNNYVDCTKKFLDALELSQSPLLLOLMTEILCRDH-
NALEQFVAFNFPMNSDEFPKGTLRYNNYVDCTKKFLDALELSQSPMLLOLMTEILCRDQ-
LALEKLVASNFPMTSHEFVQGTLKYNNYVDCTKKFLDALELSQSPMLLOFMTEILCRDQ-
RVLEQLIVAHFPMOSREFPPGTPRFNNYVDCMKKFLDALELSQOSPMLLELMTEVLCREQ-
HILEKLIVCNFPMKSDEFPPDSLKYNNYVDCMKKFLDALELSQSPMLFQLMTDILCREQ-
RSLDRLVADHFPIKSTDLPESSPHFKDYIAAIDRLLTSLELSGSEMLLELLISIFCREP-
DVLDGLVADNFPLRSSELTKGTPRFVDYISAIDKLLSALELSSSLVLLELLISIFCREEG
EHLDRMIVDKFPLKSAEFVVGSPDYNDYVACIDKLLANLIKSGNLMLLEVLISVMCREK-
SCIDTLVTDNFPLKSTEFIPGSPRYNDYIATLDKLLVTMVTSGSLVLLOVITAVLCREE-
ENLDRMVADFFPLRSSDFIVGSPKYHDYVAAMSQLLDVMEVSGSTMLLRLVISIVCRES-
SALKTLIADNFPLSSKEFNENNPKYSDYIAALDKILSALVISGSLMLFDLLISIVCREE-
EGLNAFVTNNIPLKSTEFVTGGPQYNDYVQTIDKLLAAFVNSRSLILLEVLIATFCRER-
GRLNRLIADNFPLKSSEFVVGSPKYNDYVAAFGKILSALVISGSLMLLELLISIMCREP-
ARLDRMVADNFPLKSAEFPAGSSKYNDYVGAVTKLLSALELSSSLMLLELLISVMCREA-
SALDLLVANHFPLKSTDLEAGSPRYNDYIMALNKILTSLVMSGSLMLLELIISILCRDD-
SALDRLVADNFPLNSSEFRVGSPKYIDYAGALNKILTAMVLSGNLMLLEIVISIMCRDE-

HE HESHE . : : . HH : e .

RYG70450.1
1806
1740
1753
1777
1766
1781
1777
1776
1792
1793
1781
1781
1783
1780
1772
1742
1781
1781
1739
1774
1777
1770
1767
1757
1763
1753
1763
1776
1771
1791
1796
1796
1791
1802
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

ARCHAEON
MUDCRAB
SCORPION
SPONGE
CAPITELLA
DANIO
MILIT
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS02
POMACEA
TRICHOPLAX
NEMATOSTELLA
PRIAPULA
SOFTCORAL
PISTILLATA
HEMICHOR
BELCHER
STRONG
STARFISH

OHIYYQSFIKVISSVPKSLPSLPPTDTMEHSGSEHLYTEVKHICNFCLEVIYNVYQD-—-~

KHRYEEAFNESTEKFIKROQVS—--KQ=-====————— o —— IDTLRFVYDMYAN-QOS
THLLEENIQKCLKKLCKRTDSN-=-KE-=====——————— - ———— RLIAEVPLKMFLE-DE
RHVCEEKIQTSLHQFISKLSED=-=--G-=====———————————— VDALKFVYEMFKN-DK
KHTHENAIQSAFQRFIKRLPKD--KH-=-====— o —— KLALDVPYKIFSQ-EG
KHIMEELFQACFQKIAHQOSYLG--KQ-=====———————————— VLLLSSTYQSFQA-KE
RHVMEEGFQVCFQRLAKTGSCE--KQ=-=====———————————— VALLEAVYGMFEN-EG
RHVMEEAFQICFONIAKRGTCE--KQ=-=====———— - —— VALLEAAYEMFRN-EE
RHFMEELFQSSFKKVIKRSSCD--TQ=-=====———————————— VILLNTLHNMFKS-ES
KHVMEELFQTCFKRIARRGSCE--KQ=-=====———— o —— VSLLDTVYQMFQN-DE
KHVTEELFQACFKRIARRSGCE--RQ-=====———— VVLLETVYEMFQA-GE
KHCLEELFLRCFKKIVRRGSCD--RO=-=====———— o —— VTLLDTVYKMFQD-EG
KHFMEELFLTSFKRIARRGNCD--KQ=-=====———— o —— VALLETVHDMFKT-EN
KHIMEELFEINLKRIAKRGSCE--RQ-====————— o —— VLLLDTVHOMFQS-ET
RHFMEDLFQASFKRISRRSPTD--KQ=-=====———— - —— VLLLDTVHKMFQS-EE
RHFMEGLFQASFKRISRRSNSD--RO=-=====———— o —— VVLLDTVHKMFQS-ED
RHIMEEQFEISFIRIARRGSCY--KQ-====—————— o —— VVLLDTVHKMFQS-ET
RHFMEDLFQTSFKRISRRSSYE--KQ=-=====———— o —— VVLLDTVHKMFQS-EA
RHCMEDLFQTSFKRVIKRSDCN--KQ=-=====— VVLLDTVYKMFQS-ES
RHFMEELFOMSFKRIARRSGSA--KQ=-=====———— VALLEAVHGMFLR-DD
RHVIEELFQTTFORISKRSSSA--TQ=-=——==————————————— VALLDTVHRMFQK-DD
OHVMEELFQSSFRRIARRGSCV--TQ=-=—=—————————————— VGLLESVYEMFRK-DD
RHIMEELFQTTFKRIARQSPCV--TQ=-===—————————————— LNLLESVYTMFRK-AD
KHVYETKILESINRFTRRVPAA--KQ=-=——=————— KSMVDVAYNIFCQ-EK
RHVHEDAIQQSLNTFTARLPAE--KQ=-====————— - —— KDALDVPYKIVFC-ES
KHAYEEQIQKSLLLFISSLIPKDA-—==—————————— LGALDVPFKMFVD-DK
RHVHEEEIQKSLAAFIQRLAPSSSLV-=——m——— e KGAVDVTYRIFTN-ER
KHAMHDQLOTSLSRFIHRLSAD--KQ=-=====——— - —— KLAADSGYSILAE-EG
SHSHEEEIQIQFAKFIKRLKLO--QA-=———————————————— RKALDICFDVFTKKDT
QOHVHEDQIQQOSFIAFIQRLHPEPDOA-——==————————————— KAAMDVCLSIFFN-ER
KHVCEDQIQASLITFIKHLPAD--KQ-====——————— - —— KPAVDVAFDVFHK-EN
KHVMEDDIQTSLSRFIKGMGAD--RO=-=====———— o —— KPALDIPYGIFRR-EG
KHSYEDKIQGALSSFAKRLPSE--KQ-=====———— - —— SAAANIPFEIFKQ-DK
KHAYEDEIQESLAAFIKRLPEE--KQ-=====———— - —— TAAFGVAYQIFCQO-EN

* . .

RYG70450.1
1863
1779
1792
1815
1805
1820
1816
1815
1831
1832
1820
1820
1822
1819
1811
1781
1820
1820
1778
1813
1816
1809
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1811
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1835
1830
1841
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

ARCHAEON
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XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
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ALLIGATOR
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TASDEVIL
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SOFTCORAL
PISTILLATA
HEMICHOR
BELCHER
STRONG
STARFISH

——-VPIKRILLEFLLLPTLLSLSSKNMVVLFSLGYHRGLQIRMSSVSSDHSITIKVLHDIT

HLKONLRYNIMEKVLIPLLOLSDLTVTVSFSIDV-=—m——m—m— e —— IKPVMAGM
LYPSDMRIHIIEKVFRVILGMISKITLKYFFIDH-=-====———————————— IKEIMQIV
DFPVAAVKGIGERLCVPLFTECSSAVLLEFFVLK-===————— - —— ISDVMCIM
RFTNNORRAACEKVSLSLMRLVHSSALTEFYCEH-=-====———————————— IKEIMKIT
VPSNFMLMGLIDRVLLPLASHCSPOALSQFFISN=-=—==—=———————————— IADIMTTL
GLSNIARQSVMDRSLLTLITHCSLDALKEFISKI—-====————————————— IKDAMGIL
MLPNATROFAMDRSLLTLIGHCSPDALREFFCKI-=-====———————————— VKDAMEIL
LMLNGTLOSLIDRCLLTLLWNCSLDAMISFFTNI—-==——————————————— ISLAMDTL
LHSNTARQAVLDRSLLTLTLHCSSDALKEFFCTT—=====———————————— VGDIMGTL
LASGAMRQAVLDRVLLTLVLHCSSDALRGFFCKT—-=====———————————— IASVMETL
LLSNTTROQAIMDRTFLTIMLNCSIDALKEFLCKN=-=====———————————— ILDVMGTL
LWSNTTROQTIVDKSLLILIWHCSLDALKEFFCKI-=====———————————— ITHTMDTL
LHSNITROQAYVDRCLLILLLHCSLDALKEFLSKI—====————————————— ITEAMDTL
LLSNAARQAFVDRSLLTLLWHCSLDALRVFFGKI-=====———————————— IVEAMDTL
LRSNVTROQAFVDRSLLTLLLHCSLDALREFFGTI—=====———————————— IVOAMDTL
LLSSATROQAYVDRSLLTLLLHCSTDALDDFFCKI-=====———————————— IVEAMDSL
LLSNATROQAFVDRSFLTLLLHCSLDALKDFFSKI-=====———————————— VLEAMDTL
LLSNVTROAFLDRSLLTLLLYCSLDALKEFFSKI-====————————————— VVEAMDTL
HLSSTTROAFVDRSLLTLLLHCSLDALKEFFYRI—-==————— e —— IVGAMDML
-LSNIPRLACVDRCLLTLLWHCSLAALREFFSSI-—==—————————————— IVEALDVL
PRLSFTROSFVDRSLLTLLWHCSLDALREFFSTI—=—=—=————————————— VVDAIDVL
LPSNVTROQAFVDRSLLTLLWHCDLDTLKEFFSRI—-====————————————— VVDAIDVL
LYPGEVRRTTIEKVALPILRLVHKSALLEFFTDH-=-====———————————— MGDLRTTV
GFODMIRRTTLERVCLPILRCVHKAALIEFFLDH-=-====———————————— ILDLMRIV
SYRPDIRRAATERVCLPMLOKASLKITKDFYVSH-—===———— o —— IKEIMDIT
DHTSNVRLAVLDRVSVTLLCNASKAGVSEFFSSH-==—==———— = ——— VKEIMEIT
NFPGEIRRSCLDNVVLLLLROCCHHAVVEFFRCH--====———————————— LVEIIGII
EYRNLTRRAAIDKVCLVLLRASSTSVFREFYVDH-===————— e IKNIMEIT
DYQTHSRRAVIERICITFLLKTSTTARRAFYQODQ=-====————————— - ——— IQKLMSVL
VYPNDIRRAALERVGLPLLRLVDIPTLSTFFISH-—-—===———————————— VNQIMNTTI
SFPNEIRRSALERVCLPMLRLVHPAALTEFFTDH-—-====———————————— IREIMDIT
RYSKEIRKAATIQRVCIPLLROASRDATVTFYKGH-=-====———————————— IHDIISVL
SFSKEIRRAATERVCIPLMRLAGVKALSSFFKEC-—===—=———— IKNIGGIT

RYG70450.1
1920
1821
1834
1857
1847
1862
1858
1857
1873
1874
1862
1862
1864
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1823
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

ARCHAEON
MUDCRAB
SCORPION
SPONGE
CAPITELLA
DANIO
MILIT
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS02
POMACEA

TRICHOPLAX
NEMATOSTELLA

PRIAPULA
SOFTCORAL

PISTILLATA

HEMICHOR
BELCHER
STRONG
STARFISH

AGDIFPANMSDETLLSHVYMVTVAYKMLSLLYDHCYVGDVKL-~--TLTAAFVHGDMSNTV
SLTIQO--GRS-DEQORLLVTKIGSFKILOVIFSRLPRERIFNPGSEINAAYQPSD————-

KSKRK--SS—---NEIQLVSKIGAFQLIEILYTYLSKEEVS-KESQINC———————————
EAKLA--RVTDPKLECQLVHKSCCFQFIEILYTRLPSSLISSMESTVNTAYCNGS————-
EAKPT--KAPEHAFEAQLTSKIGCFELLEVMYSRLPNTDVNSKDSSINKSFCSPK—----1I
QTRFT--KSVESVFESQIMMKIGCCKLLEVLYSRLPKEEVYSKNSAINQAFCGTG—---C
OSRFT--KTSESSFDNQLTRKIGCYKLLEVTYIRLPKDDIYSEDSKINRAFHSSS——--N
OSRFT--KTNESSFDNQLTKKIGCYKLFEVMYTRLPKNDVYTDGSKIIQAFHSAG----N
KSRFT--KVPEAAFDSQITKKWGYYKMLEVQYSRLSKDEIYST---VNNAYHVSS—---K
OARFT--KSSESTFETQLTKKNGCYKLLEVLYSRLPKEDVYSKESLINQAFCRPN----K
OARFT--KLNEAMFEGQLIKKNGCYKLLEVLYSRLPKEEVYSKESKINQOGFCGPS----R
OARFT--KSNESAFDTQVTKKTGCYKLLEVMCSRLPKDDIYSEQSRINQAFHGSC——---S
KGRFT--KSNELAFDAQIMMKMSYYKMLEVMYSRLTKEDIYSKGSRINQAFHGSS—---N
KSRFT--KSNETSFETQLIKKISYYKILEVMYSRLSKEDVHSKDSRINQVFQRST----H
NSRFT--KSHEHTFDTQVTKKMGYYKLLEVMYVRLSKEEVYSKDSKINQAYRGSM~----S
NSRFT--KSNESTFDTQVTKKTGYYKVLEVMYVRLSKEDVYSKDSKINQAYCGSI—----S

TSRFT--KSNETMFDTQLTKKMSYYKILEVMYSRLSKEDVYSKDSRINQAFLRST~----C
KTRFT--KSNESAFDTQVTKKMGYYKILEVMYSRLSKEDIYSKDSRINQAYQOGST----N
KSRFT--KSNETVEFNTQVIKKMGYYKILEVLYSRVSKEDVHSKDSQINQAYQOGTT—----N

KSRFT--KSNESTFDTQVTKKLGYYKMLEMMYSRLPKDDVHSKESRINRAFHGSS—=--V
KSRFT--KLSESTFDTQVTKKLGYYKMLEVLYSRLPKDDVHSKESRINQVFHGSS—---1I
KSRFT--KLNESTFDTQITKKMGYYKILDVMYSRLPKDDVHAKESKINQVFHGSC—----I

KSRFT--KLNEFTFDTQITKKMCYYKMLAVMYSRLLKDDVHSKEAKINQAFHGSR----V
EAKLV--KGS--GLENQLTSKLCCFOLLELMYGRLSKEEVFGKSSVINKKFCEVKSV--N
EQONLA--KGPESILKTQLTSKVCCFOQLLEVMYSRLSREEVNSLSSEINKKVCFGK————-
ETKLV--KTA--DLENQLISKLGSYKLMKLMYSKLSKODVNTAESSIVKAYTGRP——-—-—-
EAKQL--KTYDPGFESQLVSKMCAFRMIEVLYSRLGKAELNSPOSSINLAYCPN——————
EAKVV--KLPERQYESQLISKICSLKLLELMYACLPKEDVYGKDAALGOVFLASR—=——-
ETRFS--KATDSVFESQLVSKLCCFKLLALLYARLEKTDVSSMESRINRAYNN-D——=——-
EAKEL--KPTDPNFESQVTSKLCCFKLVEILYSQFSKSELNTLESTINKAYVGGD————-
EAKQI--KVPESSFETQLVSKIGCFELMEVLYSRMTKEELNTPQSKVNKIYCRDS—=——-
GAPQT--KAGEASLRTQLTNKLCCFOLLETMYSRLPKEEVNTPPSRIVRAYKGEE——-—-—-~-
EARLT--KNPVPAFENQLVSKICYFELIEVLYSRLSKDDLNSKDSALNREYRHGN—=—-—-
DAKTI--KAPETVFONQLVSKTCCFOLVELMYSRLVKEDLFSMDSAINKAYTN-D-——=--—

RYG70450.1
1977
1873
1876
1910
1901
1916
1912
1911
1924
1928
1916
1916
1918
1915
1907
1877
1916
1916
1874
1909
1911
1905
1902
1892
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NIKGSEL-TSAVLKVAHKFVRTOMSSIPNYYAYSIVSELKETLFELYAAAFSCLVTIVCK

-TSGKEL-TKDVLRQSSKVAKGELRHDQ=-===—==——— TOAEFRRLCACAAYNTLIAVLVC
-SYGKEL-TREATGFAIAARKENLEGES - ===—=——— ISKEFCRKYCCAAYNAVIAIICC
POTGKEL-TQAITKCCHGAKSEDLHGDR-====—==—=— THYETRROQYHCHAYNTLMSVISC
PDTGKEM-NLTITKVSNATKGENMNGET—=====——— LLIPLRRALHCAAYNTLIAALIC
-AEGNEL-SKNLLKSCFEAFTENMTGEM-—==———=——— VLLELRROQFHCAAYNCAIALISC
-MEGNKLLSKSLLKLCYDAFTENMTGEK-===—=——— OLLEKRRQYHCAAYNCIMAVVTC
-IEGNKL-SKTLLKSCYDTVTENMTGET -—==—=——— OLLEKRRQYHCAAYNCMIAILCC
-PEGNEL-TKALIKLCYDTFTENMCGET-===—=——~ QOLLEKRRQYHCAAYNCATISLISC
—-AEGNEL-SKSLLKSCFDTFTENMAGET ————————— OLLEKRRKYHCAAYNCAITVISC
AAEGNEL-SKTLLKSCFEAYTENMAGET-—==——=—=—— OLLEERRQYHCAAYNCATIAVISC
-AQRNGL-SKTLLKLCYDEFTENMAGET - ===—=——— OLLEKRRQYHCAAYNCATIAVISC
-AEGNEL-TKILVKSCYDSFSENMAGET-—==—==——— OLFEKRRQYHCAAYNCAIAVISR
-VEGNEL-TKLLIKSCYDAFTENMSGET-===—=——— OLLENRRQFHCAAYNCATIAVISC
-VEGNEL-TKTLIKSCYDAFTENMAGES—-===—=——— OLLEKRRQYHCAAYNCATIAVISC
-VEGNEL-TKTLIKSCYDAFTENMAGES—-===—=——— OLLEKRRQYHCAAYNCATIAVISC
-VEGNEL-TKTLIKSCYDAFTENMTGET-—==—=——~ OLLEKRRQYHCAAYNCATIAVISC
-VEGNEL-TKTLIKSCYDAFTENMAGES - ===—=——— OLLEKRRQYHCAAYNCATIAVISC
-VEGNEL-TKMLIKSCYDAFTENMAGES—-===—=——— HLLGKRREYHCAAYNCATIAVISC
-IEGNEL-TKTLIKSCYDAFTENMAGET-—==—=——— OLLEKRRQYHCAAYNCATIAVISC
-VEGNEL-TKTLIKLCYDAFTENMAGET -—=———=——— OLLEKRRLYHCAAYNCATIAILCR
-TEGNEL-TKTLIKLCYDAFTENMAGEN-—=—————— QLLERRRLYHCAAYNCAISVICC
-AEGNEL-TKTLLKLCHDAFTENMVGES - ===—=——— QOLLEKRRLYHCAAYNCAISLISC
VDTGKEM-TQVIMRTAHEAKGEDVRGET-—==—=—=—=—— SCVELRRQYHCAAYNLLIAVLSS
PETGKEM-TQKIIKAANNAKSEDTRGDF—======—— MVTELRRQYHCYSYNLLIATIICC
TEDGKEI-TKSITKAAHACKSDDLRGET-===—=—=——— RSVELHRQCCCAAYNALISVISS
DNTGKEL-TKAITKSAHAAKSEDMRGET - ===——=——— VAFELRROQLHCAAYNALLALISC
PAGSKEL-TPVITRLCYDACREDMRGER-====—==—— ALLELRRQYHCTAYNVCVASVSR
VKTGKEL-TMAITKAAHAAKSENMOGET-—===—=—=—— VLLPLRREYHCSAYNALISVISR
VKTGKEL-TLAITKAARAASTIEDMRGET-—===—=—=—— VALELRROQFHCAAYNALVALICC
VKSGKEM-TMALTKIAHAAKGEDIRGES—=====—=—-— VLVELRRQYHCAAYNALVAIVSC
VKAGNEM-TTAITKFGHAAKSEDLRGET-—===—=—=—— GLLDLRREFHCAAYNALIATIISC
VEKGNEM-STALTKAALGARNEDCRGET-====—=—=—— VAVELRRQFHCAAFNCSAAIISC
VKTGKEM-TQALTKACHAAKSEDIRGET-—===—=—=—— NALELRRQFHCAAFNALIATIISC

RYG70450.1
2036
1922
1925
1960
1951
1965
1962
1960
1973
1977
1966
1965
1967
1964
1956
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1935
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TOQSEEKFYDNFIFSQKPSEDIY--DHILHYP---PLDVENDASLFSTFTRKFDDARLSNN
VKDDLKFYTSLLENANPTKGEAIWECLIDCNRNLOQFDIEINLNPG--SKRRFVAVR-———
TOQTDSKFYSTFLFQENFAKGEYIWENIIDLNKEYTFPIELDT-IE--RRRKFISVR——=-—
TOSKPQFFVGFLFKEDVVKGOLLWDNIIDCEKKYEFQVDFEAPLK--RRKOQITSIR——---—
TOKEKKFYTAFLFTENPAKNQLHWNNIVDODVVYEFPLEMENPIE--RRKKFVSIR——=-—
SFNETKFYQGFLFTEKPDKNQFIFDNLIDSQRVYNFPIEIDVPIE--RKKKYVMIR-—--
IFTEAKFYQOGFLFSEKAEKNIFIFENLIEAHRTYNFPVEIEVPLE--KKRRFISIR--—--
IFTEAKFYQOGFLFSEKPEKNIFILENLIDSQRAYNFPVEIEVPVE--KKRRYFATR-——~-
VFSELKFYQGFLFTEKKEKNLLIFENLIDLORNYTFPIEVEVPME--RKKKYFAIR-—--
SFNETKFYQGFLFSEKPEKNQFIFENLIDAKHTYSFPVEIEVPLE--RKKKYVAIR-—--
SFNETKFYQGFLFTEKPEKNQFIFENIIDAQQTYRFPVEIEVALE--RKAKYVAIR-—--
IFTESKFYQOGFLFSEKPEKSLYILENLIDMKCSYNFPIEIEVPIE--KKRKYVAIR--—--
AFTDAKFYQGFLFTEKTEKNLLIFENLIDLORCYTFPVEVEVPLE--RKKKYVAIR-—--
VFNENKFYHGFLFTEKPDKNLLIFENLLDLOHRYSFPIEIEVPLE--KKKRYITIR-—--
VFTESKFYQGFLFSEKSEKNLLIFENLIDLKREYTFPVEIEVPLE--RKKRYIAIR-—--
VFTESKFYQGFLFTEKTEKNLLIFENLIDLKRQYSFPVEVEVPLE--RKKRYIAIR-—--
VFNESKFYQGFLFTEKPDKNLLIFENLLDLOHRYSFPIEVEVPLE--RKKRYIAIR-—--
VFTESKFYQGFLFTEKPEKNLFIFENLLDLKHRYSFPVEVEVPME--RKKRYITIR-—--
VFTESKFYQGFLFTEKPEKNLLIFENLIDLKHQYSFPVEIEVPME--RKKRYIAIR-—--
VFNETKFYQGFLFTEKPEKNLFIFENLIDLKRCYTFPVEIEVPME--RKKKYIAIR-—--
VFSEMKFYQGFLFTEKPEKNLFILENLIDLKHCYTFPVEVEVPME--RKKRYIAIR-—~--
VFNELKFYQOGFLFSEKPEKNLLIFENLIDLKRRYNFPVEVEVPME--RKKKYIEIR-——-—
VFNELKFYQGFLFNEKPEKNLFIFENLIDLKRCYTFPIEVEVPME--RKKKYIEIR-—--
TOQTDAKFYTAFLFKEDEAKGQFVFDNLLDKDKAYVFSSELKAPLS--RKKQYVSIR——=-—
VONEHKFYKGFLFODNTSKGQOFLLENIVDRDOKYEFPLELESQFE--RKKKFVAIR-—--
TOQTEMKFYTVFLFTENVARKQFLWENLIDMEREYAFEIELSYQDK--QKTTFRSLR——--—
TOTELKFYTAFLFNENPVKGOQFLLDNLIDTDRKYEFEVELSTPLE--RKKOMTSIR——--—
TKTEPVYYSSLLLOENPAKGOLLWDNIIDCHRRYGFDRELSAPLQO--RKRQFVAIR——--—
TOTLLKFYNGFLFSEDLSKGOQFLLDNLVDCTKKLHFEMELSAPLD--KRTLLTSIR—=--—
TOQTDLKFYVAFLFSENPIKGOLLLDNLVDCNRTYTFEVELSAPLE--RRKOFRMOA——-—-—
TONDIKFYNGFLFAENHAKGOQFFLDNLVDADKVYHFEIEMESPME--RKKKFVAIR-—--—
TOQTDMKFYTAFLFQENTAKGOQFLLDNLVDTNKLYQFDAEFSAPVS—--RKKQFVSIR——=-—
VODNIKFYNAFLFSENHAKGOFLLDNLVDPKKEYGFAIEMDAPVE--RKKRFVAIR-—--
TOTDIKFYNAFLFSENTAKGOQFLLDNIIDITKNYSFEIEMNAPME--RKKRFVSIR—=-—

RYG70450.1
2091
1976
1978
2014
2005
2019
2016
2014
2027
2031
2020
2019
2021
2018
2010
1980
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RYG70450.1
IYSQSDWAMRNREVNAVVTVQRLCTQAKKRLGKGGYASQYLQSCMLSSSQAVQSVAAPLQ 2151
----------- KNLKEANQS-SGKG---—-——-—-AAGTVQYLASHYLDDSSL--—————=— 2007
----------- HENRELNSN-KTLN----—----FASSLKYAPSQYLSDSSL—-—————=— 2009
----------- DDLKQSTAA-GNSS--GSPSSSPSTRPRYISSQYLSDSSL—-——————— 2051
----------- TSVRDVDPS-DEPT----——--GPASSVHYLASQYLAGSSL—-—————=— 2037
----------- KEVSG--—E-NGDA-——-——————-PVYLSSQSYMADSSL————————— 2044
----------- KEAREAGDG-DSGE-———————-—-PQYLSSQSYMADSSL————————— 2044
----------- KEARESAEG-DSDE-———-————-—-PHYLSSQSYMVDSSL————————— 2042
----------- KEARDASST-ESDE-——-——————-PSYLSSQSYMADSSL—-——————— 2055
----------- KEARQGGEG-DSDE-———-————-—-PHYLSSQSYMADSSL—-—————=— 2059
----------- KEAREAGDR-DAEE-——-——————-PHYLSSQSYMADSSL—-——————— 2048
----------- KEARGSTIG-DLDE-——-——————-PQYMSSQSYMADSSL———————=— 2047
----------- QEARNTANG-ESDA-——-————-—-PHYLSSQSYMADSSL—-——————— 2049
----------- KEARQTMSG-DSAE-——-———————PRYLASASYMVDSSL--——————— 2046
----------- KEARDAGNS-SQDE-——-————-—-PKYLASSSYMMDSSL—-——————— 2038
----------- KEARDSGNG-NEDE-———-————-—-PKYLPSASYMMDSSL—-——————— 2008
----------- KDAREAMSV-DSAE-——-———————-PHYLASASYMADSSL————————— 2047
----------- KEARDAVNR-DSDE-——-——————-PQYLPSASYMVDSSL—-—————=— 2047
----------- KEARDTVNG-GPDE-——-——————-PQYLPSASYMVDSSL--—————=— 2005
----------- KEARDSVND-NSDE-———-———-———-PHYLSSLSSMADSSL—-——————— 2040
----------- KEARDAANG-DSEG-———-————-—-PHYLSSLSYMADSSL————————— 2042
----------- KEAREAANG-DSDG-———-————-—-PSYMSSLSYLADSTL--——————— 2036
----------- KEARDAANG-ASGS-——-——————-PHYMSSLSYLTDSSL—-——————— 2033
----------- NEVKESNSQ-NGEA------DEGESSSLHLASQYLADSSL—————————= 2029
----------- SEMQEKQS—-----D-—-——-KDGAISSYHLASQYLTESSL-——--————= 2030
----------- EQSRSSVSS-ESADE--ADSGIAMAPSYHLSSQYLADSSL—-——————— 2026
----------- INARVQS---DQVEE--AL--SQGRSVRYLSSQYLADSSL-——--————— 2035
----------- TAVREIDRD-ADGQ----—-GAPLPSVHYLASQYLADSSL———————=— 2047
----------- CEARATRMN-SSEN----—-YEHGVSLRYLSSQYLADSSL————————— 2042
----------- R---IPSPK-ENSL--EESAGRTGLSIHYMYSQYLADSSL—-——————— 2065
----------- KEVRDASEE-DDLQDSAVGL-YGTGGVRYLSSQYLADSSL————————— 2072
----------- QELRGQDSP-EAG--——-——————-SSRY-MQSYLAGSSL--—————=— 2060
----------- TQARETNTP-EES--—-—--—-GYVSGPAHYLSSQYLSDSSL—-——————— 2061
----------- NQIQDTVAG-SSSQQSDSGIEMSGYTGRYLSTQYLANSSL————————— 2078

*
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TSSIKPPSMTRVEGDYTLSQYDYTNMLGNGGGSSATDYRI——————————————————— A
—————————————— REDLSQFDFSNSVVLAMSQOREDNQYR-===—— == ——
—————————————— SDDVSQFDFSSSELAFSQODMKNKNRKEEI ---==—===—=—=—=———-DS
—————————————— STDVSQYDFTLPHHHQYGSVGGGAST-E----==—===—-—==SSSTI-D
—————————————— STDVSQFDFGSSMVSSADSSFDNQRSRE—-—-—————————————-SST
—————————————— SEEMSQFDFSTGVQSFSYNSONPSGV-—--—-——————-——-SSSSRMRE
—————————————— SEEMSQFDFSTGVQSFSYNSODPRGH-—-—-————————-AVRSRRKE
—————————————— SEEMSQFDFSTGVQSFSYSSODPKVS———-—-———————-VLRTRKTE
—————————————— IEEMSQFDFSTGVQSFSYSSOSKMLS————————————-QSASRKKE
—————————————— SEEMSQFDFSTGVQSFSYSSODPSAR-—-—-———————-AARGRRRE
—————————————— SEEMSQFDFSTGVQSFSYGSODPSTR-——-—-———————-PMPSRRRD
—————————————— SEEMSQFDFSTGVQSFSYSSONRAAA-——-————————-VVHSRRKE
—————————————— REEMSQFDFSTGVQSFSYSSODPTAA-———————————-QFHSRKRE
—————————————— SEEMSQFDFSTGIQSFSRSSEDPTSS———-—-———————-GSHIRKKE
—————————————— SEEMSQFDFSTGVQGFSYSSODVTAS———-—-————————-STRFRRKE
—————————————— SEEMSQFDFSTGVQGFSYSSODVTAS———-—-————————-SPRFRRKE
—————————————— SEEMSQFDFSTGVQSFSYNSODPTAS-———-—-———————-ASHFRRKE
—————————————— SEEMSQFDFSTGVQSFSYNSODPTAS———-—————————-STHFRRKE
—————————————— SEEMSQFDFSTGVQSFSYNTOQDPTAT-—-—-————————-SARFRRKE
—————————————— SEEISQFDFSTGVQSYSYSSODVKST-—-—-———————-GYHFKRRE
—————————————— SEEMSQFDFSTGVQSYSYSTODSKAT-—-—-———————-VVHFRRRE
—————————————— SEEMSQFDFSTGVQSYSYSSODPRPA-——-————————-TGRFRRRE
—————————————— SEEMSQFDFSTGVQSYSYSSODRKPT-——-—-———————-TGHFQRRE
—————————————— HEDLNQYDFTATPQ--MSEGSPREKVLTVRKS------SYTDEEDD
—————————————— SEDLSKYEFTVSGSAQONTSGIPKTKASLRKNS—=====SY===--G
—————————————— NEEISQFDFNSSTVOGYSENNSIKQIPT---=-=—===—=—=—=—=——-—-RE

SEDISQFDFTSGTQVKHSQTFSSTQERYSQASQG——--SSRLOARQQ
SEDVNQFDFSSSVRHFGSSM-ESQRDGGSQGSQGSQRPGSMASRQD
SEDIQQFDFSGGVQQFNASTI-DKDQSLSQRSSVPH---IKKRYSNE

RYG70450.1
2192
2033
2040
2083
2068
2078
2078
2076
2089
2093
2082
2081
2083
2080
2072
2042
2081
2081
2039
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FPNSAAVVAG-WDDQOVVLEMNHFNSIHIMGTLVRAIQRMYVLFK=—=—— EKWIANTATL
-—--IAASNDETGELLRMNFEQSDYNEHEVMANLTAAIYHMVDAKIMMLHKEDSTPSAAET
NPSNEAKDDDLVSNITVELEIDDLNQHECMNSLTMLVOHMEKIQLL————- SSS—--PKET
EDSGNSQEASSYVVSEEQLEEDDLNIHECMTPLMKLLDHMIINKITPAPSGD----SPEM
EVPDVVLKEHY -——-— IEMEMDALNQHPCMAALSALLOQHMKLNQITPEVEKGSK--PSSM
-RKEVLSQDET-—=—-—- VELEMDELNQHECMANMTALLRHMORNNITPKVEEGVR--PSDL
OAELSVVQSDI—-—=-- MELEMDELNQHECMPAMIALINHMORNNITPQVEEGKT--PQEL
WITESNIMLNDI-—=--- VELEMDEMNQHECMATMTALIKHMOKTNITPKVEEGKT--PHEL
QOITEGKTFDDV—-——=-- MEFEMDELNQHECMAAMTGLIKHMNRSEITPKVDEDAS--PQEL
-RVESLVODDV—-=——- VELEMDELNQHECMASMTALLNHMORNNITPKVDEGTV--PADL
-GAEAALQDDV—-=—=—— VVLEMDELNQHECMASMTVLINHMORNNITPEVEEGTV--PSDL
-RTESVVODDV————- MEFEMDELNQHECMAAMTALINHMORNKITPQVEEESG--PVEL
-HPEFTVQEDV—-———— MEFEMDELNQHECMAAMTGLIKYMOKTQITPKVEEGTV--PQODL
-ITDTVVPGDM—-———- MELEMDELNQHECMTSMTTLLKHMHRNNITPVVEKDTN--SPEL
-PTEYKVLNDE—-—=——- MELEMDEFNQHECMASMTSLIKHMERNQITPKVEEGTV--PADL
-PTEYMALDDD—=—-—- TELEMDELNQHECMASMTTLIKHMORNQITPKVEDGTV--PVDL
-PTESMGLGDI———-— MELEMDELNQHECMASMTTLIKHMHRNNITPTVEKGAV--LPDL
-PTESMDPDDL——--—~- MELEMDELNQHECMASMTTLIKHMORNQITPKVDEGIV--PRDL
-STESMVLDDE—-—=—-—- MELEMDELNQHECMTAMTTLIKHMORNQITPQVDEGAV--SVAL
-YRDPVTQSDV——=—=—— LELEMDELNQHECMATMTALIKHMONNQITPKVEEGSG--STNL
-RIDSMVQODDV—-———— MELEMDELNQHECMTTMTALIKHMORNHITPHVKEGSE--PPSL
—ORDPTVHDDV————— LELEMDELNRHECMAPLTALVKHMHRSLGPPOQGEEDSV--PRDL
-HODSMTODDI ————~ MELEMDELNQHECMAPMIALIKHMORNVIAPKGEEGSI--PKDL
TDTKVMVEDDY-———- VELEMDELNQHEGMANMIALLKHMORAKIIPLVESG-V--VPEL
GDNKVRLDGDY -——-— VELEMDALNSHECMAPLVALLKHIHKNNIFPAAQSDAS--SQODM

TGDSEKAKTIINKFADEELELDDLNKHECMEALLTLLDHMAVNKINPATIEKDTT--PSEM
TGKPDQLG-EDSYEIGEDVEMDELNSHECLTKICSLLTHMKESNISPQPDKGAL--PKDM
ESGSATLAGDY—-——-- VEMEMDELNQHECMASMVALINHLATTVC--PIQAASS--PAHM
SGTPASPKESDSDISSEELEMDELNRHDCMTTLVGLINHLVKNKISPOQPEQGKE--ANEM
SSSTAEQTDDWYEVSEDTLEMDDLNRHESMAKMISLLKHLVDKKISPEQVKDVP--PTDM

LPPSAFVKGDY—-—-——- LEMEMDELNLHECMSNMTALLKHMKRNKVTPEVAKGTV--PHEL
ODSSVNIHGDF--—-- LETEMDELNQHECMSSMSAVLQHMARNNITPQVQKGAA--PKDM
SKPVFSPGGEY—-——-—- LEMEEDALNQHECMAAMTGVLKHMTNNKINPDITKATK--AEEM
ETPTVVVQGEY————-— IEMESDALNQHECMASLTAVLKHMQANKITPEIPEGSK--ASEM

* * . . . . .

RYG70450.1
2246
2090
2093
2139
2121
2130
2131
2129
2142
2145
2134
2133
2135
2132
2124
2094
2133
2133
2091
2126
2128
2122
2119
2119
2118
2114
2115
2143
2131
2153
2165
2156
2159
2173
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PNWLKECYELV-LSS--KHKKAKMFILRLFINQPVATIIKPWLHLMLPGVLENIYS——=-—
PPWMTIIQQKLESGE--THRNVKLFLLRLMMNTS--RVFAPYAVHFINPVLTCLVD—=-—
PKWLDNLCKKLEDYS--VHRNIKLFLTKLFINNA--EIFKPYAVFLLOPLINLILN—=--
PPWMTPLHKRMTDSR~--TGRNIKLFIVRLITNRP--KIFQPYAKHWLPVLTQFILSGDST
PDWMKNIHDKIKNSD--TOLNIRLFLAKVILNGE--SVFRPYASFWFQPLVALATN——=-—
PPWMKFLOGKLDNPS--TPLNIRLFIAKLIINTE--EIFRPYAKHWLGPLMOLVVS—=-—
PPWMKFLHGKLGNSS--IPLNIRLFIAKLIVNSE--EVFRPYAKEWLGPLLOLVVS—=--—
PPWMKFLHGKLGNSA--TPLNIRLFVAKLIVNTE--EIFQPYAKEWLGPLLOLVVS—=-—
PSWMKFLHVKLGNTS--TPLNIRLFIAKLIVNTE--EVFRPYARFWIGPILQLIVS—=--
PPWMKFVHGKFGNAS--THLNIKLFIAKLIINTE--EVFRPYARHWLGPLLOLVVS—=-—
PPWMKFLOGKLGNPS--TOQLNIRLFIAKLIVNKE--EVFRPYAKHWLWPLLOLVVS—=-—
PPWMKFLSHKLANPA--TPLNIRLFIAKLVINTE--EVFRPYAKHWLGPFLOLVVS—=-—
PPWMKFLHGKLGNTS--TPLNIRLFIAKLIANTE--DVFRPYAKOWLGPLLOLVVS—=-—
PPWMKFLHNKLGNST--VPLNIRLFVAKLIVNTE--EVFQPYAKWWLGPLLOLVVS—=-—
PLWMKFLHGKLGNPS--VPLNIRLFIAKLIVNTE--DVFRPYAKHWLGPLLOLVVS—=-—
PLWMKFLHGKLGNPS--VPLNIRLFIAKLIANTE--DVFRPYAKOWLGPLLOLVVS—=-—
PPWMKFLHSKLGNPS--VPLNIRLFVAKLIVNTE--EVFQPYAKQFLGPLLOLIVS—=-—
PPWMKFIHGKLGNPS--MPLNIRLFLAKLIVNTE--EVFRPYARQWLGPLLOLVVS—=-—
PPWMKFLHSKLGNPS--VPLNIRLFLAKLIVNTE--EVFRPYARHWLGPLLOLVVS—=-—
PPWMKFLHGKLANPL--GALNIRLFLAKLIANTE--EVFRPYARHWLGPLLOLVVS—=-—
PPWMKFLHNKLENPS--TPLNIRLFLAKLIINTE--EVFRPYAKHWLNPLLOLVVS—=-—
PSWMKFLHGKLGNPI--VPLNIRLFLAKLVINTE--EVFRPYAKHWLSPLLOLAAS——-—
PPWMKFLHDKLGNAS--VSLNICLFLAKLVINTE--EVFRPYAKHWLSPLLOLAVC——=-—
PAWMKNLNDKLRSPR--THNNIKYFITKLIINTA--EIFRPYARDWIRPLTQLIIS—=--
POWMVFLHDKMTKNTGSDTLNIRLFIAKLIINTS--EIFQPFARLWLRPLCOQLILS—=-—
PSWMVALRKKASDHT--TNRNIKLFIAKLIINRP--KIFRPYAKFWLVPLIQLIV—-==-—
PSWMSALHKKLTNFE--THLNIQLFIAKVIINQS--QVFEPYARFWLSPLMELILKLIEE
PAWMELLHGKFSHVE--TPLNVRVFIARLVVLCA--HAFRPCAASWLAPLMHLVVN=-=-—
PPWMSYLHKKLSHHS--SELNVRLFIAKLITNLP--EVFEPYAKFWLDSLMELILL—----
PAWMAPLHKKIASSS--THLNIRLFIAKLIINEA--KIFEAHAKFWENPLMELILOQIKDT
PGYMSYLOKKLSGPS--TNPNVKLFIIKLIINAE--EVFRPYAKFWLAPLMEWILG—----
PPWMSCLNKKLGGSS--THKNVKLFLAKLIVNNE--EVFRPYARFWLSPLMEMIVR—=-—
POWMSGLOKKLSSQS--TEHNIKLFIVRLVINAQ--DVFQPYARFWLSPLMOFLAG—----
PGWMASLOKKLTSQS--THVNIKLFIARLIINNN--EVFTPYARFWLSGLLOLLIS—=-—

* e : *: . : : .

RYG70450.1
2299
2142
2145
2195
2173
2182
2183
2181
2194
2197
2186
2185
2187
2184
2176
2146
2185
2185
2143
2178
2180
2174
2171
2171
2172
2165
2171
2195
2183
2209
2217
2208
2211
2225
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IYC————- HNKKGYHYLLRDVMFTFWDTWADVTIPVASLK---HAGMILNFLLTHLDHDD
GTT-—————- GDRINYFFSDLIVMVM-GWGKRAGSQDSTMGRNMVSRVLRFLCSNTPHNR
ATF-—————- GREINYFILDLMVVLL-SWSSIATIPEDSSIGRHAASGLLEFLMSKCFHIR

AGMGGAVGGGENGLDYFTVDATIATML-SWSSTAITED—----RFLGSQLLEYIMLRSNHKN
—————————— MGGLNYFSLDIIVTLL-SWHEIAIPEETTVDIAMTSHLVKYIVONCYHON

SSN————- G-GEGIHFMVVDIVVTVL-SWASVASPKGNTRDEVLVNRLLGFLFKNCFHSK
GNN—-———- G-GDGIHYMVVEIVVTVL-SWTSVATPKGNMKDEILANRLLEFLMKNSFHEK
GNN—-———- G-GDGIHYMVVEIVVTVL-SWISVATPKGDLKNEILANRLLEFLMKNCFHEK
GNN—-———- G-GTGIHYMVVETLVTIL-SWSSIATPNGOAKEEILANRLLEFLMKNVFHEK
GNN—-———- G-GEGIHYMVVEIVVTVL-SWTSLASPKGNTRDEILANRLLEFLMKNAFYDK
GNN—-———- G-GEGIHFMVVEIVVTVL-SWASVATPKGDTKDEVLANRLLEFLMRNAFHEK
GNN—-———- G-GEGIHYMVVDIVVTVL-SWANIAAPKGNTRDEILANRLLEFLMKNTYHEK
GNN—-———- G-GDGIHYMVVEIVVTVL-SWANVATPAGLAKDEILANRLLEFLVTHSFHEK
GDN—-———- G-GEGIHYMVVEIVVTLL-SWTNVATPKGNIKDEVLANRLLEFLMKNVFHQK
GNN—-———- G-GEGIHYMVVEIVVTIL-SWTSVATPKGNIKDEILANRLLEFLMKNAFHPK
GNN—-———- G-GEGIHYMVVEIVVTLL-SWTSVATPKGNIKDEILANRLLEFLMKNAFHPK
GDN—-———-— G-GEGIHYMVVEIVVTLL-SWTSIATPKENIKDEILANRLLEYLMKNAFHQK
RDN————- G-GEGIHYMVVEIVVTLL-SWTSVAAPKGNIKDEILANRLLEFLMKNVFHQK
RDN—-———- G-GEGIHYMVVEIVVTLL-SWTSVASPKGNVKDEILANRLLEFLMKNTFHQOK
GEN-———- G-GEGIHYMVVEIVATVL-SWTSIATPTGVTKDELLANRLLEFLMKHVFHQK
ENN-————- G-GEGIHYMVVEIVVVVL-SWTSIATPKGVPKDELLANRLLOQFLMKHVFHPK
ENN-——-——- G-GEGIHYMVVEIVATIL-SWTGLATPTGVPKDEVLANRLLNFLMKHVFHPK
EN-————- N-REGIHYMMVEIVATIL-SWTGLATPTGVPKDEVLANRLLRFLMKHVFHPK
GLF-==————- TGLNYFVIDVIVTIM-SWHQVAIPODTVEDRAMSSRLVEFVMGYVYNDT
TSL————- C-DNGINYFIMDLLVTML-SWHSTAVPONSSTERAMASRLVEFLVRNVHHET
EGK-———- E-SDGIHYFIVDLMIILL-SWADVAIPKDVD-EILQANRLMEFLMRNAFYPN
EGE----- N-KRGLNYFVVDLLVTIL-SWATTAIPEDSYGDRHLASRLLOTVMRRTHHEN
GNC————- GVAAATHSLTADVVVVML-SWTPVARPODNMTERSLASRLLEFLMRNARHAT
PTF————- K-NSELNYFVIDIVVTML-SWSSVTIPEDSYSSRRLTSRLLEYLMETCNHPT
EPA-——-—- G-TEGINYFIVDLVVTLL-SWSTTAIPEDSHNDRHLASRLLGFLMSRTRHRH
GQT————- G-GDGIHYMIGDIVVLML-TWSAIAKPEAGD--RILASRLVEYLMHHTHHSN
GEA-———- S-GEGINYFIVDLLVTML-SWGPVAIPEDSAMGRALTSRLLHFLMANAFHKT
GOQ————- G---GINYMVLDIMLVML-DWSTLAVPEDNR----LASGVLRFLMKNSYHER
GNT—-———- G-GEGIHYMVVDVVVVLL-GWVTVAIPEDKR----LANRLLEFLMHFCHHSN

. HEEH . * : . s :

RYG70450.1
2351
2194
2197
2250
2222
2235
2236
2234
2247
2250
2239
2238
2240
2237
2229
2199
2238
2238
2196
2231
2233
2227
2223
2222
2225
2217
2224
2249
2236
2262
2268
2261
2258
2274
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RYG70450.1

PDVLKENLNSVCSIFPRWLQLYSTSQQOKTRIYNIALPYVPLEVDAITIRLLNTAYTMTGGA 2411
ADVFRYNIDAVKSVVECWRAVLTV=-=—————————— PYATI-———- YSL-=————————— 2226
KDVFRNNLEMIKTVVOQCWKERLDI —=====——=—=——— PTYII-———- FES——————me—— 2229
RSILRNNLEIVRTMVELWKDKIDI-=====—=—=—=——=— PTRVL—-———— YDO-—————————— 2282
ROIMRNNLEVLKTLVEAWKSTIRI—=====——=—==—— PTODI—-———— YEN-=-————————— 2254
RAVFRHNLEITIRTVVECWKDCLTI—======—=—=—=—=— PYDLI-———- YER-=-=-———————— 2267
TAVFRHNLEIIKTVVECWKDCLSV-====—=————— PYSLI-—=—- FSR-=—————————— 2268
RVVFRHNLEIIKTVVECWKDCLSI—=====—=—=—=—=—=— PYSLI-—=—- FDR-==-—=—————— 2266
RAVFRHNLEIIKTVLECWKECLSI—=====—=—=—=——=— PYRLI-———- YEG-=--———————— 2279
RAVFRHNLEIIKTVIECWKDCLAV-==————————— PYSLI-—=—- FDR-=-=-—=—————— 2282
RAVFRHNLEIIKTVVECWKDSLMV—-==————————— PYSLI-—=—- FDR-=-=-—=—————— 2271
RAVFRHNLEIIKTVVECWKDCLAV-==————————— PYSLL—-==—— YOR-==———————— 2270
RAVFRHNLEIIKTVVECWKDCLSI—=====—=—=—=—=—— PYRLI-———- FER-—-—-—=——————- 2272
RAVFRHNLEIIKTVIECWKDCLSI—=====—=—=—=—=—=— PYRII-———- FOL-=-————————— 2269
RAVFRHNLEIIKTVIECWKDCLSI—=====—=—=—=—=—=— PYSLI-—=—- FOR-=-————————— 2261
RAVFRHNLEIIKTVIECWKNCLSI—=====—=—=—=—=—=— PYSLI-—=—- FEK-=-————————- 2231
RAVFRHNLEIIKTVVECWKDCLSI—=====—=—=—=—=—=— PYRII-———- FER-—-—-—=——————- 2270
RAVFRHNLEIIKTVVECWKDCLSI—=====——=—=—=—=— PYRLI-———-— FEQ-=--———————- 2270
RAVFRHNLEIIKTVVECWKDCLTV-===—=—————— PYRLI-———- FEQ-=--———————- 2228
RAVFRHNLEIIKTVVECWKDCLSI—=====——=—=—=—=— PYRLI-———- FEK-=-————————- 2263
RAVFRHNLEIIKTVVECWKDCLSI—=====—=—=—=——— PYRII-———- FEK-=-————————- 2265
RAVFRHNLEIIKTLVECWKDCLSI—==—===———=——— PYRLI-——-- FEK-—————————- 2259
RAVFRHNLEIIKTLVECWKECLSI—=====—=—=—=—=—=— PYRLI-———- FEK-=-————————- 2255
RPVYRNNLELLKTLLOVWKDRVEI == =—=—==——=———— PYNIV——=—— YKH-=-————————— 2254
RATFRNNLEMLKTLLECWKDCIEI-=====—=—=—=——— PYQEV—==—— YNQ-=————————— 2257
RSVLRNNIEITIKTAVELWKNHIEI-=-====——=—=——=— PYRII-———- YKN-—————————— 2249
RAVFKNNLEIVKTMVEVWRERVTV—-m==——e——————— PTKVI—-———— YEA-—————————— 2256
MSVFRNNLEITKTLVECWRDRVDV—=—————————— PSQVI————— YEN-=————————— 2281
RSIFKNNLEVIKTFVEVWKERIDV-===———————— PYKLI-———- YER-=-=-———————— 2268
RSLFRNNLEIVKSVVEIWKSILHV-===———————— PAEVI—-———-— FNS—=————————— 2294
ROVLRNNLEMVKTVVELWRDCIEV-==—=——=—————— PSRVI—-———— FEA-—————————- 2300
RAVMRNNLELIKTAVECWKTRVEV—==————————— PTKVI—-———— HDQ-=-———————— 2293
KSVMKNNLEVIKTLVECWKDVIDV-==————————— PTRVI—-———— YES——————————— 2290
ROVLRNNLEMIKTLVECWKEIISV-==—=——=—————=— PTSVI—-———- YRI-=-————————— 2306
. . %k o o . . * * -
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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HGSIYSTGSIAVRYRLAALDVVHCLLDCNYPLLVDYTLVNNVLSNFGNPN--TNITTQAL

—-—-—-MEVSDGRNKEQEAGLNLLGIMLANG=-=======—=—=—=—— LAPY-TED--SVAEKTKC
———-MRNLDTKVKDNIVGIQLFGIVVSNG=-======—=—=——=—— LDPY-ONT--SRIDKISY
—-——-FSNSDKSTVSNLSGIQOLVGIAVANE-==—=———————— LNPY-DTNTAGSLDOGLY
———-FIDREDKGKRNVVGLOIVGVFLANG=-======—=—=—=—=—— LSPW-QPD--AEVSKDRF
—-——-FAGTDPNSKDNSVGIQLLGIVMANN=-===————————— LPPY-DAA--CGIEHDRY
—-——-FSSTDPNSKDNSVGIQLLGIVLANN=-===—————————— LSPY-VPK--CEIGYERY
————-FAGRDPNTKDNSVGIQLLGIVLANN=-===————————— LPPY-DCK--CEIDSERF
—-——-FSGTDPNTKDNSVGIQLLGLALANN=-===—=——————— FSPL-DPK--CGIDPERY
———-FSGKDPNSKNNSVGIQLLGIVLANN=-===—=—=——————— LPPY-DPK--CGIDSESY
———-FAGSDPNSKDNSVGIQLLGIVLANN=-===——=——————— LPPY-DPS--CGIEHERY
———-FSGKDPNTKDNTVGIQLLGIILANN=-===—————————— LPPH-DPT--CSIDMESY
———-FSNGNTNSKDNSVGIQLLGLILANN=-===——=——————— LPPY-DPK--CGIDVERY
———-FS-GDPNTKDNSVGIQLLGIVLANN=-==—————————— LPPY-DPK--CEIDSIRY
—-—-—-FSSGDPDTKDNSVGIQLLGIVLANN=-===—————————— LPPF-DPK--CEIDRVRY
—-——-FSGGDPNTKDNSVGIQLLGIVLAND======——=————— LPPF-DPK--CEIDRVRY
———-FSGGDPNTKDNSVGIQLLGIVLANN=-===————————— LPPY-DPK--CEIDNVRY
———-FSGGDPNTKDNSVGIQLLGIVLANN=-====———————— LSPY-DPK--CEIDSVRY
—-——-FSGGDPDTKDNSVGIQLLGIVLANN=-==—————————— LPPY-DPK--CEIDSTRY
————-FATGDPNTKDNSVGIQLLGIVLANN=-===—————————— LPPY-DPK--CGIDSARY
————-FSNRDPNSKDNSVGIQLLGIIMANN=-===—=—=——————— LPPY-DSK--SGIESTRY
——-——-FSGKDPNSKDNSVGIQLLGIVMAND-=====——————— LPPY-DPQ--CGIQSSEY
———-FSHKDPNSKDNSVGIQLLGIVIANN-==——=——————— LPPY-DPN--CDITSAMY
—-——-LKOPDETKKESCVGIQLMGVVLSAK-=====——————— FPPY-APT--APVDQEKF
—-——-LKMPDPSSKSSLIGIQVLGVIMTCN====—=—=——————— YAPY-GPS--ASVDRNRY
————-FSNPDKDKKDNSTGIQOCLGLVVANG=-======—=—=—=—=—— LSPY-RYD--VEVDEM--
———-LSNPHPDKKDNATGIQLLGVVLANK-====———————— IHPF-SSD--SSVDENTF
———-MCAGDITMRDNSVGVOLLGVVVANN=-==—————————— LPPY-SHT--TAVDSEKF
—-——=-FSNASVNTKENSVGIQLMGVIVANK-===—=———————— ITPF-KPG--CGVDEKRF
———-FSDPDPVKKDNAVGIQLLGVVVANG=-======—=—=—==—— LFPV-TSD--STIDEDRF
—-——-FSGKDPKGKENATGIQLLGVILSNQ=-======—=—=—=—=—=— LPPY-RDT--CGIDKDRF
—-—-—-LCGSDASSKANSVGIQLLGVVLANQ=-=====——=—=——=—— LPPF-NPSTSGNIDREQF
———-LODRSPDKKDSAVGIHLLGVILANN=-===—————————— LHPL-SPT--CDVDADRF
-—-—-LATPDPDVKDSSTGLOLLGIVLANG=-======—=—=—=—=—— LHPI-DKA--SDIDEERF

RYG70450.1
2469
2266
2269
2324
2294
2307
2308
2306
2319
2322
2311
2310
2312
2308
2301
2271
2310
2310
2268
2303
2305
2299
2295
2294
2297
2287
2296
2321
2308
2334
2340
2335
2330
2346
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LOAILDNLS-ISRKELVQOSSCOVIGOQILDLLNAHSMOAKQVLLYSQLGEFENKVVDIIDG

EKILLKLLE-AHYASIYGAAAEVVGLVLKFQOSSHSEDCN===—=—— ETSFEENVARKVME
LKTLTVNLK-NKYKEIYESASEVCGMSMKYYFDKDDDV======—=— YSEFCKIVKTEISS
YKIFVNNLT-FKYKLIYAAAAEVLGMIMKRMAESYDPF———=—=——=—— LDRLEEMVGEQLFK
YOYLAMNMN-QPDKQVYSASAEIVGMALSSLONTESDKE - ————— WCRAYGDNIQKMLLG
FOSLANNLSFIRYKEVYSAAAEVIGLILNYMTERENQI - =——=—=——-— EGTLFNITVTKLMD
FORLVYNISLTRYKEVYAAAAEVLGLVLHYFAENEKQV-=——=———— DGLVHDLIAKELKOQ
FORLVHNISLTRYKEVYAAAAEVLGLVLOQYLAG--KPM-=—————-— DCAVHDLVVKELQQ
FOSLANNLGLTRFKEVYIAAAEVIGLVLRYIVONEKRT—=——=———-— EAPVFDYVVKELKR
FOALATNISFGRFKDIYAAAAEVIGLIMQYLAKNEKQL—=—=—=——-— EGPIFDFTVKELKH
FKSLANNISFVRYKDIHVAAAEVIGLVMQYMAEKEKQS —=—==———-— EGPIFDFTAHHLKK
VKALANNLSFTRYKEVYAAAAEVLGLVLOQYRAEKEKEL—==—=——— GGPIIDSVVRELKOQ
FOALANNIALTKYKDIYLAAAEVLGLALHYVAEKEKTL—=——=—=——- EGPLFDCVIKELKOQ
FOALSNNIALIRYKEVYVAAAEVLGLILOQYTAEKENTF—=——=———- EGPIYDMVIKQLKL
FOALTSNMGLLKYREVYAAAAEVLGLALQYTAERENIL—==—=—=——-— EDPVYDCVIKQLKH
FOALISNMGLLKYKEVYAAAAEVLGLALRYVAERENIL—==—=—=——-— EDPAYDCVIKQLKH
FOALANNMALVRYKEVYAAAAEVLGLVLOQYTIAEKENIY—-=——=———-— ESPVFDIIIKQLKOQ
FODLANNMSLIRYKEVYAAAAEVLGLILOYMAEKENIF—=——=—=——- EGPVYDCVIKRIEQ
FOALVNNMALLKYKEVYAAAAEVLGLTLRYIAEKENIT-=—————- EGPIYDCVVKQLKOQ
FOALANNLSLVKYKEVYAAAAEVLGLTLOQYVSEKETML—=——=—=——— EDSICELIVKQLKOQ
FOALVNNMSFIKYKEVYAAAAEVLGLILOQYTAKKENVL-=—————— EDSVFELVVKQLKOQ
FOALVNNMSFVRYKEVYAAAAEVLGLILRYVMERKNIL-———=———— EESLCELVAKQLKOQ
FEALVNNMSFVKYKEVYAAAAEVLGLILOQYITERKHVI—=—————- AELVCELVIKQLKQ
FTTVAQYMR-NRYKAVYAATAEVVGMIFKHLAEKDRQT—=——=—=——-— EGTFHDYVVNLMNS
FTTLASSMT-NSSKMIFAAAAEVVGMVFAYLADKENET-——=———-— DGQFHSHVESVL--
-LALAENLQ-FKYKEVYEAVAEVLGMIMKHLASVKKET - == ——=——— EGPIFDYVTQHLSS
YTALSDNLT-FKYKDVHAPAAEVSGMLMKYLIEERKVT———=——=—— ECSLIALVEAKLSP
FOATVRCLA-NKYKEVYAAAAEVLGMILHRMVEREDEEA-—————— EGALRDAVVTAMST
YODLVKNLS-FKYKDVHGAAAEVIGMILKYLSEENDKES ——=——=—— CDGLSGLLNEKLSS
YGTLVNNLT-FKYKDVHAAAAEVIGLLMMOLAKVKKIF ———=——=—— DGPLHDMVGOQKLLS
YTTLSANLS-FKYKDVYAASAEVVGV-MKYMAEKEKVT - ——=—=———— DGTFHDNVFREISS
FSAVAKNLOQLTRYKDVYAAAAEVIGMIMKYMADVEKVT—=——=———— EGSFHTQVERYLLP
YSALASNID-NRYKAVHGAAAEVIGMAMKOMAENDKIT-—==—=—=— DGRLHEVTYKELSOQ
YAALSYNLK-NRYKMVHAAAAEVIGMAMKQKADVDKVT——==——=—=— DGFLHSIVTSELTK

o o * . o

RYG70450.1
2528
2318
2320
2375
2347
2359
2360
2356
2371
2374
2363
2362
2364
2360
2353
2323
2362
2362
2320
2355
2357
2351
2347
2345
2346
2337
2347
2373
2360
2385
2390
2387
2381
2397
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K-DKAKRGKETVVYCYKCILANYSGFLKREMICRPLLWFNSFTFQGRYSY--LEMLLRHN

M---MHSKOGOGITVIYKIHLHFPAVLK-===—————————————— RVMNRLLSVLPNLY
Le———- NAKDQYLTCLYKINTHFPIFID-====———————————— SSFLNKILYMLPNVH
LSOPLEKSEDKFITCLHKITLCYNKIVP—-==———— RFVEKLLFLLPSLQ
I---HGNKPDQFLTCVHCIQKHFSAFVE-=———————————————— RFIHKVLFMLPGLY
LR--KKEVDDKFIVCLSKVSKHFPPLVD===—— = m e — RFINPVFYLLPKLH
LO---0OSKEDKFIVCLSKIVKNYPPFAD—-===————————————— RRFLNQVFYLLPKLH
LO---NTKEDKFIVCLSKIVKHFPPFAD—-===—————————————— RFMNAVFFLMPKLY
HQO--TNNKEDKFIMCLNKVVKNFPPFAD—==——— = — - ——— RFMTIVLFLLPKLH
LO---NTKEDKFVECLSKVVKNFPPLVD===—————m e — RFLNAVLFLLPKLH
LQO---NEKEDKFVVCLSKVVKHFPPFMD====—=———— RFVNAVFFLLPKMH
LO---SIKEDKFIVCLSKIVKNFALLAD=-====————————————— RFMSVVFFLLPKLH
HQ---NAKEDKFIMCLNKVVKNFSPLAD—===—————— - — - ——— RFMTVVLFLLPKLH
HQ---NTRDDKFIVCLNQITKNFPPLAD—==——————————————— RFMSFVFFLLPKLH
HQ---NTQHDKFIQCLNKVVKNFPPLAD—===—————— - — - ——— RFMNAVFFLIPKLH
HQO---NTQODKFIQCLSKVVKSFPPLAD—===————————— - ——— RFMSAVFFLIPKLH
HQ---NTREDKFIICLNKLAKNFPPLAD—===—————————————— RFMNTVFFLIPKLH
HQ---STKEDKFIVCLNKVAKNFPPLAD—===————————— - ——— RFMNAVFFLIPKLH
HQ---NTKEDKFILCLNKVVKTFPPVAD—==——————— o ——— RFINAVFFLLPKLH
HQ---NSREDKFIVCLNKAVKNFPPLAD—===————————— - ——— RFLNAVFFLLPKLH
HQ---NTKEDKFIVCLNKAVKTFPPLAD—===————————— - ——— RFMNAVFFLLPKFH
HQ---NTMEDKFIVCLNKVTKSFPPLAD—=—=———————————— ——— RFMNAVFFLLPKFH
HQ---NTMEDKFIVCLNKIAKGFPPLAD—===————————— - ——— RFLNALFFLLPKFH
L---Q0SNPGNFLLCIHRMHLHYPPIAD-====————————————— RFMNRLLFVLPNLH
—-——-GKVAPHNFLVCVHCIHRHYPPMAD-—===————————————— RFLNKLLFMLPGLH
MVSAGRMDVARFILCLYRVOLHYPITAD-—===————————————— RFVNKVLFLMPSLY
MATKGGKDIGKFITCVHRLOLNYPRIVD-===—————m— - RFMKHIMFHLPTIH
L---HADAKONFIVCLOKMTLHYPATADREVMTAVSDRYLGOQVCGDRLMSKLLFMLPSLQ
———-MTKDLDKFILCVHQLOIHFPPIVD-===——————— - ————— GFINQILFVFQHVH
LVNRAKPELDKFITCVHKLKLNYPPIVD===—— e m e — RFVNQILFTLPSVH
S—-—--0SSRPEVFITCIYKVOLYYKPFTD-====————————————— RFINKLLFMLPQIH
L---QVNQODVFLTCVHKIHLHFPPFAD—-==——————————————— RFVSKLLFMLPKLH
LH-LGSGKEVIFITCLHKIHLHYPVFTD===——————————————— RFMNKLLFMLPSTIH
I---SEIKPDVFVTCIHKLHFHYPEFAD-=-===————————————— HFTNKLLFMLPSLH

RYG70450.1
2585
2357
2358
2417
2386
2399
2400
2395
2411
2413
2402
2401
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2422
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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SIFVKSGTDCSHVMILELVRSFIKPMLVDRNVTAIGRGAGMVKIPLLOVYALILLTKHIOQ

GIF---CTRVLECL-==-— ASYSSS———————— ME--DIYSHLKEHNVLG
GIF---RKOQILEII-——-- NSHVEN=-=-—=——— IE--NAFAELKNQGLLN
GVF---RSSCLEIL-=-—-- DTQADV-===—— o —— QP--QFYLKLKDKGFHT
GVF---RTYALEII-——-- AAGIEN--==—=—————————————— IE--GAFVEIKNKNIIG
GML---KTHCLECV====— LSRADV-==—— e IP--EIFLHLKTKGLSQ
GVL---KTHCLEVV====— MHRAET-==—===———————————— IT--DIFQELKNKNFVQ
GIL---KTHCLEVV====— MYRAEE-==—==————————————— IP--DIHIQLKSKDFTQ
GVL---KTQCLEII-——-- MHRAED-====————————————— IP--DLFIELKNKDFCQ
GVL---KTHCMEIL-—=-- MSRAEE-==—==————————————— VT--DIYLOLKSKDFAQ
GVL---KTHCLECI-==-- LSRAEE-===——————————————— IP--DVYLQLKSKDFSQ
GVL---KTHCLEVV====— MSRAEE-==—==————————————— IP--DIFLOLKSKDFIQ
GVL---KTYCLEVV====— MCRAEE-==—==————————————— IP--DLYIQLKSKDFNQ
GVM---KTHCLEVV====— MCRAQE-=====———————————— IP--DMYLELKSKEFIQ
GVM---KTYCLEVI=-==—— MCRAEE-=====———————————— VP--DLHLQLKSKDFIQ
GVM---KTHCLEVI=-==—— MCRAEE-=====———————————— IT--DLHLQLKSKDFLQ
GVM---KTYCLEVV====— MGRAHG-=-=-======————————— IP--SLYLELKSKDFTQ
GVL---KTYCLEVV====— MYRAEE-==—==————————————— IT--DLYLQLKSKDFIQ
GVL---KTSCLEVV====— MCRAEE-=====———————————— IT--DLYLQLKSKDFMQ
GVM---KTFCLEVV====— LCRAEE-===——————————————— IT--DLYLQLKSKDFAQ
GVM---KTLCLEVV====— LCRAEE-==——————————————— IH--DLYLQLKSKDFIQ
GVL---KTLCLEVV====— LCRVEG-==—————— - —— MT--ELYFQLKSKDFVQ
GVM---KTLCLEVV====— LCRAEE-===——————————————— IT--GLYLQLKSKDFLQ
AEF---RNRCLEIV—-==—- LTRIDT-===—————————————— LE--NVYVELKSKGLLA
GEF---RVOCLEVI=-—=-— MGCIEQ-==—====——————————— LD--DAFRELQSKGLLN
GEF---KTKCLEII-—-—-- LARADH-==-==——— - ——— IK--ELYTELRNKGLKD
GVF---KAQCLEIV=-===— LSRVSD-===—— e IP--DLFTELRSKGLNV
GSF---RSQCLEVI-==—— LTRVAH- === ——— TQ--NLFLELKSKGFLG
AQF---KTLCLEII-=--- LSRVGV-=—— e IP--NLFLELKTKGFLN
GDF---KSYCLEIL-==-- CSRVEH-===————— o IP--NLFTELKGRGLKE
GOP---KTYALEVV====— LGRVDS—===———— e ID--KIFLEMKNKRILE
GIF---RTHCLEVI-=——- RGRVNV-=—— e e e ID--NLFLELKTRNFLG
GOP---KTECLOII-—=-- TARIEH--=-—==———————————— ID--NAFIEMKNKNILA
GOP---KTLCLEVV====— ASRVSH--==————— o —— IP--NIFLEMKSKGIVE

RYG70450.1
2645
2389
2390
2449
2418
2431
2432
2427
2443
2445
2434
2433
2435
2431
2424
2394
2433
2433
2391
2426
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2422
2418
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2458
2454
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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HEMICHOR
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HICNTSEGRQDPETKOQHNETVLOEVLISIIGKDETVAVRYCINA-=-————— NNHVSVRYA
LLSKKEESTQLV—-===—==——— SLELVNAVLPRLTPSQVLYFLPG-ITGFASHPGAKCREM
MLEHRDESIQFS—===—=—=——— SLNITIQKLLKELDIDKMLNVFPI-ISKVHKSAETICRKV
MISHRDEATQTA-=———=—=—=——— SLSIVQKLLVQLTNDQLSEIVPILIASFSKHGSIQCRIV
ILRERDELSQLM=-===—=—==—— SLKIIRRLLEKLEASQLLYLLPA-ICEISDLSSVLCRRE
IMSHKDEGRQRV—=—=—=——=——— CLDIIHKILACLKPEELKEILGA-VTAFASHPSPVCRER
IMSYSDEERQRI == ==—=—=——— CLDIVYKITIAKLKAEEVKVFLVP-VIAFISHPSPVCRER
IMSHRDEDRQRV—==—=—=—=——— CLDIIYRIKAKLKSAELKELLRS-VVAFISHPSPICRER
IMNNRDDERQRV—==—=—=———— CLDIIYKILSKLTPAELHEFLIP-VTAFSSHSFPVCRER
IMSHRDEMRQRV—==—=——=——— CLDIVHKILAKLKPVELKELLIS-VTAFTTHPSPVCRER
VMSHRDEARQRV—==—==—=———— CLDIIHKIMAKLKPVEMREMLGA-VTSFVTHPSPVCRER
LMNHRDDARQRV—-==—=—=—=——— CLDIVYKIMFKLKPVEMKEFLVA-VTGFISHPSTVCRER
IMSHRDDDRQKV—-===—=———— CLDIIYKMLPKLKPMELGELLNT-VVTFSSHPSPMCRER
VMCHRDDERQRI == ===—=—==— CLNIVYKMLPKLKPAEVLELLPS-VTGFISHPSPLCRGQ
IMNHRDDERQRV—==—=——=——— CLDIVHKMLSKLKPLELKELLPG-VTGFISHPSVMCRQOR
IMNHRDDERQRV—==—=————— CLDIVYKMLPKLKPLELKELLPG-VTGFISHPTVICRQOR
IMSHRDDERQTV—===—===—— CLDIVYKMLAKLTPAEVQELLPT-VTGFITHPSPLCRGR
VMSHRDDERQRV—====—=—=——— CLDIVYKMLPKLKPLELRELLPG-VTGFISHPSPVCRER
VMNRRDDERQRV—====—=—=——— CLDIIYKMLSKLKPLELRELLPG-VTGFISHPSPVCRER
VMRHRDDERQRV—====—=—=——— CLDIIYKMLAKLKPGELRELLNV-VVEFISHPSPVCREQ
IMRHRDDERQKV—-=—=—=————— CLDIIYTMLAKLKPVELQELLNC-VVEFISHPSPVCREK
VMRHRDDERQKV—=——=————— CLDITYKMMPKLKPVELRELLNP-VVEFVSHPSTTCREQ
VMRHRDDERQKV—==—=—=—=———— CLDIVYKMVAKLKPIELRELLNP-VVEFVSHPSPTCREQ
FLTHRDDETQVI-—===——=——— ALKIVKSIQSKLOPSEVSELLPL-ICGFCVSPSIPCRNV
FLTORDEDTQIV-=—==——=——— ALGIVNAMVPKLSATELQTFLPA-ITGFSNHPSVTCRQI
MLLHRDESKQQV==—==—=—==—— SLDLVRAMLKNLDISQILYLAEL-VATFKTNPSAACRQOK
MFEHRDEGVQVA—-—=——=————— LLKIIQGLLEKLKMSEIEYVVPS-IATMATSSSTACREL
MITHRDEATQLA-=——=—=—=——— SLHITNALLSSLSPGELLFLLPA-VTSIGTHPRAPCRQL
TLTHRDEATQVA-———————— CLRIILGRLSQMSVGDIQTLLPS-VTDFLSSKSVACRGL
MLSORDDGIQIG========— VLRITIKHLMKKLTIPELKFIFPL-LTSFVSHPNLLCRDL
MLRHRDETIQLV=-===—=—=—=—— SLKIVNSMLKRLNEEELLYLMPT-VVSFSKNLSPACRET
MLTHRDDGLOQAT —====—=——— VLOIVYALLOQKLKVEELLYLLPS-VAAFASHPAPECRRT
LLTHKDEADQLT—=====——— SLKLVDGMLPKLKPSELRYLLPA-VKDFVSHPSPSCRDT
LLTHRDEGTQLV—-===—=—=——— SLKLVNAMLPNLKPDEILYLLPP-VRTVFNLPSPACREV
. . ® . . *

RYG70450.1
2698
2439
2440
2500
2468
2481
2482
2477
2493
2495
2484
2483
2485
2481
2474
2444
2483
2483
2441
2476
2478
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2468
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2511
2508
2504
2518
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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RYG70450.1

AYNLLISIFI-YREKLL--AG--SSSKDVLOSIVQLLLNGLNDPDGDIYSKTDVAGQLPK 2753
MYDILFWIYDNFRESSD——=———- SEGSQIEAKTRVSLLOAVKEKDAAL-===—==—=———— 2481
MYEIMMHAYEKFNTKNG-—-—-——-- IKEKEISRYAKEMLLHGLADSDLTL-======—=—=——— 2482
LYNILMRVYNKLCTDDQSESD--DSVKMIRSISRDOLLLGLGDESNEV-===————me——— 2546
MYQILMWCYDNYKDEAQS————- ESRDEIITLTKDVLLRGLSDDDLTN=-======—=———— 2511
MYDILMWIQDNYSDSES-RED--STSVEVLSVARETLLOGLTDENYGL-======—===—== 2526
MYDILMWIYDNYRDAES-QSD--PDSKAVFVTTKDTLLOGLTDDNPAL—===—==—=—==—— 2527
MYDILMWIYDNYRDPES-QSD--PDSKEIYTETSDALLOGLTDENPAL—===—==—=—==—— 2522
MYDIFMWIYDNYRDHES-QND--SKSVEVFNMAKEGLLOGLVDENTEL-=====—=—=—==—— 2538
MYDILMWIHDNYRDPES-QSD--SVSTEVFNLAKETLLOGLTDENQGL-======—===—=— 2540
MYDILMWIHDNYRDSES-QSD--SDSLEMLNVAKETLLOGLVDENQGL-======—====— 2529
MYEILMWIHDNYRDQES-QAN--NESREVLKLASEVLLOGLTDENPGL-======—=—==—— 2528
MYDILMWIYDNYRDPES-QAN--DDSQEVFSRANDVLLOGLIDENAGL-======—=—==—=— 2530
MYDVLMWIYDNYSDSES-QAD--EESSQLLKVAKESLLOGLIDENSGL-==========— 2526
MYDILMWIYDNYSDPES-QAD--DDSREILKVAKEVLLOGLIDENAEL-======—=—==—— 2519
MYDILMWIYDNYSDPES-QAD--GDSQEVLKLAKEILLOGLTDENAEL—======—=—==—— 2489
MYDILMWIYDNYRDPES-QAD--EKSSEVFKLAKEVLLOGLIDENSGL-=======—==—=— 2528
MYDILMWIYDNYRDPES-QAE--EESQEVFKLAKEMLLOGLMDENSGL-======—====— 2528
MYDIMMWIYDNYRNSES-QAD--EDSQEVFKVAKEMLIQGLTDEISEL-======—===—— 2486
MYNILMWIHDNYRDPES-QAD--EESREVFKLAKEILLOGLVDENHGL-======—=—==—— 2521
MYNILMWIHDNYRDLES-QTD--EVSQEVLKLAKEVLLOGLMDDNLGL-======—==—=—— 2523
MYNILMWIHDNYRDPES-ETD--NDSQEIFKLAKDVLIQGLIDENPGL-=====—=—=—=——— 2517
MYNILMWIHDNYRDQES-QOND--EDSQEIFKLAKDVLIQGLIDENVGL-======—=—==—=— 2513
MYDILMWVYDNYREDES—=———-— ETADTIMOQOTKESLLKGLGDEDMOC—=========—— 2508
MMKILMWTYDNYRDNES—=———-— KEGQEIMKVTQESLLOGLCDDNLHC—=========—— 2508
MYGIFMWIYDTFROQEIDK--N--DETKQOLINFCKDOLLOGLNDSSEEN—==—=—=—=—=——==—— 2505
IYDIFMWVYDTYRSDETFRNE--EGSEEILATAKDYLLRGLADDNKIL-====—==—=—=——— 2517
MYDILMWVYDSYRDSEG—=—=——- EEEDKLASLARDSLLOGLNDSDDSL—======—===—— 2554
MFDILIWIYDTYRFDETFKNEDSEGSEDVLCRTKNVLLOGLADENKEM=—==—=—==—=—==—— 2528
MYDIFIWIYDSYRADEAFQAE--EGSADILADAKDHLLOGLADDHRDL—======—===—— 2555
MYDILTWIYDNYKDEES-ST—-——=--— AAEVLSMTKEILLOGLSDEESYL—=====—=—=—==—= 2553
MYDIMMWIYDNYREEAS-QQE--S—-AGRVLGTAKDCLLOGLSDEESYL—======—===—— 2552
MYSILMWIYDNYRDEDK-REG--ODGDEALSTAKDTLLOGLSDODNYL—======—===—— 2549
MYDILMWIYDNFRDEES-RTE--DGADDILCMAKDTLLOGLSDEEASH-=====—=—===—— 2563

HH *: .8 2
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

RYG70450.1
ARCHAEON DSNILDSISNDSIQKYISPAYWSKRS--PRKQIKQLIYEFFQGYYLINCVN---IGQGLH 2808
MUDCRAB mmmmmmm— e ROTVLNFWLERFQ-DMVLHDRVLHI-LKMIYSPETEDSF——=———— 2518
SCORPION = == RLTVHNFWSQNNHLPAETFSRIKAV-LOKMYSPEIEHMFSSDECFT 2527
SPONGE = = = = == KLKMYEYWNQESNLSSNTLDRLTQL-LVTLYSKKTETQF - —=———— 2584
CAPITELLA = = =  ———————m— e RLTVONFWSHETRLPGETVERLVAM-LEAMYTPSTELHY -—=———- 2549
DANIO = - OLYVRNFWSHESRLPPETLERMLVV-LKSLYSSRIEEQF -—=———— 2564
MILIT =  memmme—————————— OLYVRNFWGHENRLPTGTHDRLMAI-LRSMYSNKIETQY-—==——— 2565
BAMBOO = e OLYVRNFWSHENRLPTGTLDRMLAS-LGSLYCNKIETQY-—==——— 2560
XENOPUS = = OLIVRNFWSDETRLPSNTTERMLAI-LSSLYSPKIEKHY-—=———- 2576
STERLET = = = =  ————m—m——m——— OLYVRNFWSHESRLPTSTLERMLVV-LRSLYSSKIEAHY-—=———- 2578
GAR = e OLYVRNFWSHETRLPTTTLERMLVI-LRSLYSSKIEAQY-—=——=— 2567
LATIMERIA = = =  ————mmmmm—— OLYVRNFWSDENRLPVGTLDRMLVI-LKAFYCNKIETQY-—==——— 2566
CAECIL. = OLTVRNFWSDETRLPVVTTDRMLAL-LNSFYSPKIESHY-—=———- 2568
SNAKE = @ —emmmm——————— OLIVRNFWSDETRLPTNTLDRMLSL-LRGLYSDKIETQY-—==——— 2564
CANARY = e OLIVRNFWSHETRLPTNTLDRMLSL-LSSFYSTKIETHY-—=———- 2557
OSTRICH = = == OLIVRNFWSDETRLPANILDRMLAL-LNSFYSTKIETQY-—=———— 2527
GECKO = e OLIVRNFWGDETRLPGNTLDRMLTL-LSSLYSTKTETQY-—=———— 2566
TURTLE = = = = = OLIVRNFWSDETRLPTNTLDRMLAL-LNSLYSTKIETQY-—==——— 2566
ALLIGATOR = =  ——————m OLVVRNFWSDETRLPTNTLDRMLAL-LNSFYSTKTETQY-—=———— 2524
PLATYPUS = = = = e OLIVRNFWSNETRLPSNILDRMLA--LNSFYSTKIEMHY-—=———- 2558
TASDEVIL. == —— OLTIIRNFWSHETRLPSNILDRLLA--LRSLYSTKIEMHF —-——=———— 2560
HUMAN = @ —ememmm———————— OLTIIRNFWSHETRLPSNTLDRLLA--LNSLYSPKIEVHF —-—————— 2554
MOUSE = = ————— OLTIIRNFWSHETRLPSNTLDRLLA--LNSLYSPKIEVHF-—=———- 2550
CRASS02 = e RLLVONFWSSETRVPGNTLDRLVAM-LEAMYSPVTEKQF = —=———— 2546
POMACEA e ——————— RLTMONFWSSESRLPDGTVDRMISI-LEAMYTPGSECNY-—=———— 2546
TRICHOPLAX = = W == RLOLINFWSNNNRLPSGTLERLSSV-LYALYSPNAESEF ——=———— 2543
NEMATOSTELLA = = —————————————— KLKLONFWSDETRLPNTTLERLVDV-LRAMYSTNTEQQY - —=———— 2555
PRIAPULA = = e RMIVTNFWSHATRLPTOQTLPRLLAI-AQTLYSPATEPHF —-—=———- 2592
SOFTCORAL = == RLKLRNFWSDETRLPNSTLERLVQV-LRAMYSPITESEY-—=——=— 2566
PISTILLATA = = = = ——— e OLKLRNFWSDEARLPGTTLERLVEV-LRALYSTTTEIQY-—=———— 2593
HEMICHOR = = = = == RLRVSNFWSHETRLPVGTLDRMVSM-LECMYSPDAENQF ——=———— 2591
BELCHER = e RLLVONFWSHETRLPTGTLERLVAM-LECMHSPRTEPQY -—=———— 2590
STRONG RLRVSNFWSHETRLPKETLERLISM-LGCMYSPGTENRY-—=———- 2587

STARFISH = = = == RLRVSNFWSHETRLPTGTLERLVAM-LECMYSPGTEHQY-—=———— 2601
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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LFDIKSVNNWLAYAPSLLLSVILOHPKNLEVLFNISLL
LELAMYIILEATRYSADYQRDIFQHPLT
LYISLIVDNFWSNEKRLPLGTVERLIALMKNMLOYSTFLLMEMTSKSPDYNLKIFQNPLS
LYHATNLLLELTSRSPDYNRVLFDTPLS
LSYATNLLLEMTTKSSDFNRVLFDTPLS
LSLATDLLLEMTSHSPDFTRNMFEFPLS
LSTATNLLLEMTSRSPDYTREMFEYPLS
LSTATNVLLEMTSHSPDYSREMFEYPLS
LSLATNLLLEMTSKSPDYIRKMFEHPLS
LSLATNLLLEMTSRSPDYTRDMFEYPLS
LSLATNLLLEMTSRSPDYSRAIFEYPLS
LSLATNLMLEMTSRSPDYTREIFEHPLS
LSLATNFLLEMTSKSPDYTREMFEHALS
LSLATNFLLEMTSKSPDYSRKMFEYPLS
LSLITNFLLEMTSKSPDYSRKIFEHPLS
LSLITNFLLEMTSKSPDYSRKMFEHPLS
LSLVTNFLLEMTSKSPDYSRKMFEYPLS
LSLATNFLLEMTSKSPDYSRKMFEHPLS
LSLATNFLLEMTSKSPDYSRKIFEHPLS
LSLVTNFLLEMTSKSPDYSRHIFEHPLS
LSLATNFLLEMTSKSPDYSRHIFEHPLS
LSLATNFLLEMTSMSPDYPNPMFEHPLS
LSLATNFLLEMTRMSPDYLNPIFEHPLS
LSYATNLVLEMTSKSPDYQREMFESPLE
LSYATNLLLEMTSKSPDYDROQIFEHPLS
LSYSTNLILELTSRSPDYKLSIFDHPLS
LSYTTNLVLHLTSFSPDFERLMFEQPLS
LSYATYLLLOLTSLSPDYKELVFTQPLS
LSYTTNLLLHLTSQSPDFGRLIFEQPLS
LSYTTNLILHLTSLSPDYERLMFEQPLS
LSYATSLLLEMTSKSPDYKREIFEHALS
LSYCTNLLLEMTSRSPDFSREIFQHPLS
LGYATNLLLEMTSKSPDFKREIFEHPLS
LSYASSLLLEMTSKSPDYKREIFEHPLS

*

s %

*

RYG70450.1
2855
2546
2587
2612
2577
2592
2593
2588
2604
2606
2595
2594
2596
2592
2585
2555
2594
2594
2552
2586
2588
2582
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2594
2621
2619
2618
2615
2629
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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SCORPION
SPONGE
CAPITELLA
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XENOPUS
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GAR
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CAECIL
SNAKE
CANARY
OSTRICH
GECKO
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ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS02
POMACEA
TRICHOPLAX
NEMATOSTELLA
PRIAPULA
SOFTCORAL
PISTILLATA
HEMICHOR
BELCHER
STRONG
STARFISH

DNVTPTYQPLST-RSSRLTSSAGFSSSTPLFALERTSQSIQOMLALQSPSIA-——————- K
LCKFREMK-VSTAWRAR-———— HASM-IPLFMDTQVSSDSSLRSLTQ-———— SNEAEDDV
TCAFONYA-ISSSWKKR—-———— HATL-TPWFVDSLSSAASFSDTSV-===————————— K
ECRFEDYKEIDLSWQQOR—-—=——— HLOM-TPLFAATQOLSOTQSDTG-==========———=— S
ECKFQDFA-VSSTWYQR————— HAAM-TPMFLDTQOSSOSNDSPD-—======—=————-— AG
ECKFODYT-IDSNWRMR—-———— STVL-TPMFMETOATOGAEAAGSQ---————————-— AA
ECKFQDYN-IDSSWQQOR————-— STIL-TPMFVETQATONSSRSQSQ-—-—-—--- EGSLTAQG
ECKFQDYS-IDSSWHQR—-———-— SRIL-TPLFVETQASAGSIKRSSQ-—--—--- EASTVDON
ECKFQDYT-VDSSWRFR————-— SSVL-TPMFVETOLSOSMORSRAQ-————-- GTIEADE
DCKFODYI-IDSNWRHR—-———— STVL-TPMFVETQVTOGGTQYHTQ-———-- D---SPQG
ECKFHDYI-IDSSWHHR-———-— NTVL-TPMFVETOASQOGGSRYQSR—————~ GGSASAQG
ECKFQODYI-IDSNWRHR=-—=--— STVL-TPMFVETQASQSTARFRSQ—-—-—-—--- EGPEQVQG
ECKFODYT-IDSNWRYH-—=—— STVL-TPMFVETQASLSASRYRSQ-—-—-—--- EGSFPAQS
ECKFQDFV-IDSNWRYR=-—=—— STIL-TPMFVETRASQSA-—————————————— ITQEG
ECKFQDFV-VDSSWRYR=-—=—— STVL-TPMFVETQASPSTHRNLSQ-—--—--- ERSLSPSG
ECKFQDFV-IDSSWRYR=-—=—— STVL-TPLFVETQASOSTNRSLLQ—-—--—--- ERSPSTSG
ECKFQEFA-VDSSWRFR=—=—— STVL-TPMFVETQASONPSRHRPP—————- GGSLLTHG
ECRFODFT-IDSNWRYR=-———— STVL-TPMFVETQATQSAKRNRSQ-—-—-—--- EGSLSTQG
ECRFODFI-IDSNWRYR—-—=—— STIL-TPMFVETQASOSASRKRSQ-—-—-—--- EGSLSTPG
ECKFQEYT-IDSNWRFR=-—=—— STVL-TPMFVETQASOSALRSRSQ—-—-—-—--- EGLLPGQG
DCKFQEYS-IDSDWRYR————— STVL-TPMFIETQASONSTRNRSQ-—-——-- EGSLSLPR
ECEFQEYT-IDSDWRFR————— STVL-TPMFVETQASOGTLOQTRTO-——-—-- EGSLSARW
ECEFQEYT-IDPDWRFR-—=—— STVL-TPMFIETQASPSILHTQTQ-————- EGPLSDQR
DCKFQODYN-VKSSWKQR—=———— HAAM-TPLFANTMATQSMMDDD-======—=——————— E
ECTFRDYS-VQSSWRQR—-———— HAVM-TPLFAVIQGSETMEDVE-—=—=——————————— D
ECKFHDYN-VNYSWQYR—-———— HAMM-TPLFAATOLGSQGSMAS———————— FSLSGSSS
ECKFEEYP-IDYSWOQOR—-———— HVVM-TPLFAATOGSTQSHSQ-—-—=—==————- GGSL-
DCKFQODYN-TIATSWQSR————— HAAL-TPLFTETQASQASSTQQOTV—-——————===—— AAA
ECKFODYE-INFAWQQOR—-———— NSTM-TPLFVSTLMPSGSSQSS———————— FGSHSMDI
ECRFEEYQ-IDYSWOKR—-———— HLAM-TPLFAATOGSHGSGMTPT-—---- Q----ESMSV
ECKFEDYQ-IDHSWKRR—-—=—-— HAATSTPMFVETQSTQIGSDSQ-=—======—=—=—== SFIE
ECRFQDVQ-IDHSWKQR————— HVAM-TPMFVETQSSHPASSQSQA-———- QOSLSQGGQD
ACKFEGVQ-IDHSWRQR————- HAATSTPKFVETQOVGOSQGSI-RGSPSSQSMTSSGMSM
ECRFQODVT-IDHSWKQR—-———— HLAISTPMFVETQSSQOASSGSQSQSPPDS——=————- S
. . * *

RYG70450.1
2906
2594
2627
2651
2616
2633
2640
2635
2650
2650
2642
2641
2643
2630
2632
2602
2641
2641
2599
2633
2635
2629
2625
2612
2612
2616
2623
2662
2639
2665
2661
2666
2668
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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KFAGCLSQG-LQTSIFGTSYTGEDRNMKYVKGTQQISWTONSTSFDKSTLNYSYHKFAEP

DGPRGVAAT--QANVFSATOQ--———————-— TGGTFNWVTESTFDTS-LADMEYAAT---
NIDEQIRST-VDVREFDPIQOD———————— OASKKAFNWLTQTS-IDT-LGDWGSS————-
IGTGMLRATVQOSLAFTPIQ-————==——— GQESSYNWMTPSAQ—----SVDYSVPSF--T
LSTGQLRAT-QODAAQFTQTQA~~~-D---GSSKGPYNWLTQSS-LDT-FSDSQNL—-—--T
TVRGQIRAT-OTSLEFSQTLA—————— PGAGRRSAYNWLTGSS-VDT-LADYSLS—---S
TIGGLVRGI-QTHYEFTPTON———————— PDAR-NFNWLTGNS-LDT-FAEYSLP----S
TIGGQIRAT-LTHYEFTPTON-——————— SGAR-NFNWLTGSS-LDT-FAEYTLP----F
PIGGQLRAT-QQOHYQFTPTON———————— IGGRSSFNWLTGSS-MDT-LADYSVE—----S
TIGGQVRAT-QAQLEFTQTOA-——————- AGRRSSFNWLTGGS-IDT-LSEYSLP----S
SLGGQLRAT-QSTLEFTPITQD———————~— PGRRASFNWLTGSS-VDT-LSEYALP----A
SLGGQVRAT-QVQFDFTPITON———————~— TGIRSSFNWLTGSS-VDT-FAEYSLP—-—---S
SLGGQVRAT-Q0QYEFTPITON———————~— IGGRNSFNWLTGNS-IDT-LAEYGVP—----S
YLGGQLRAT-QQOQFEFTPTON———————— ISGRSSFNWLIGNS-VDT-FTNSTVP----S
SVRGQVRAT-QRQYEFTPITQH-——————~ GSGRSSFNWLTGSS-IDT-LAEYAVP—---S
SGGGRVRVI-Q0QYEFTPITON———————~— ISGRSSFNWLTGNS-IDT-LAEYMVP—----S
SMGGQLRAT-Q0QYEFTPIQT———————~— IGGRSSFNWLLGNS-VDT-FAEYSVT—----S
SLGGQVRAT-Q0QYEFTPITON———————~— VNGRSSFNWLTGSS-IDT-LAEYTVP—----S
SQGAQVRAT-Q0QYEFTPITON———————~— MSGRKSFNWLTGSS-IDT-LTEYTVP----S
LLLGOLRAT--0QYEFTPTON———————— TDGRNSFNWLTGSS-VDT-FTDYPGP——--T
LLTKQIRAT-00QYEFTPTON———————— IAGRNSFNWLTGSS-IDT-LADYTIP----S
PVAGQIRAT-0QQHDFTLTQT———————-— ADGRSSFDWLTGSS-TDP-LVDHTSP----S
OKPGQVRAT-DQ0QYDFTPTOA-———————— SVERSSFDWLTGSS-IDL-LADHTVF----S
SYSGEIRAT-QDAQQFTAJLD——===—=—=—— ASKAPFNWLTGSS-LDT-FTDYSTV—-—=—=--—
SLRGGVRAT-VDVEQFTAIME - ——————— TGSNAPFNWLTQSS-LDT-FADASLM—-——--
TDEHLLRATQSTNLOFTPTOD——————————— TDARNWLDPSSVDKS-IQSYAAFLOQSL
-EPGALRAT-QLRVEFSPIMD———————— OSLSQAFDWLNPSSQADS-VQSFTV——————
MOTGEIRAT-QVVPEFTATQ-—————-— DVAGGRSTYNWLTQSSSIDT-FADQSLS—---S
TDGGQLRAT-ONP-QF SMTQT----AGATGPTAQTYDWLNPSS-LDT-SQSS-SA----S
DGSPGLRAT-ONL-QFTPTOD———————- ORRSTAFDWLNPTQ-ESN-LQOPSQSF—-—-—--A
TIGNQVRAT-ODV-QFSATQ——————— EVDGKKTAYNWLTG-S-QDT-FSEF-SS—---S
TLGGQLRAT-ODVLOFTATQ——————— ASAAPKNAYNWLTQSS-LDT-FADY-SV—-—--P
GGGGQLRAT-QATONFTATQ—-———— DNAASSHKNGYNWLTG-S-QDT-FADY-SS—---S
LSRGEIRAT-PODAHQFITATQQ----LDAVASRKNAYNWLTG-S-QDT-FADY-ST----S
. * . *

RYG70450.1
2965
2638
2671
2695
2662
2680
2684
2679
2695
2695
2687
2686
2688
2675
2677
2647
2686
2686
2644
2677
2680
2674
2670
2655
2656
2664
2666
2709
2686
2709
2704
2711
2714
2722
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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T————— GTTKLVSGAASSSVA—-———— PLS---SFPFQTTVGGGGISQP--GT--FS-MG
HAPIHGSASGPMFNVGAHGKKNMNRY - ————————— KKSSIGNTCMQPA————————— ET
————— STSSSLLFTIGSDTKKIP---—————————————-NIDENNRNSN---—---QDTSK
VGATPTSDSSLLFTRPTMRPPLK———————— NPLR————- ISAERLGKV--GE---SEG-
LATQ--SESSLMFTVGSSRIKS—————————— SKKTPGSEFGQRKVRSD————————-— VR
—---DS-LSSLLVFDKKRSERPQ————————— AAWRAVGAGFGSKRLTAT--SD--DTDSR

LASEP-GSSSLLVFSRWSERLH-—-—--R—-—---PAKKPVGPDFGKKRLALP--GD--EVDSK
S--ES-ASSSLLVYSKRSERSQ———-—-K-——-P-MKPVGPDFGQKRLAIP--GD--EVDAK
--PES-LPSALLFVNKRNENVR-—-~-R~----VPLKPLGPNFGMRRLGLP--GD--VTDSK
S-ADS-VSSSLLVFGKRGDKSQ—-—---Q—-—-—-AARKPVGSDFGKKRLGLP--GD--EVDSR
T-SDS-LSSSLLVFGKWGEKQQ—----0000QRGPKKPVGADFGKKRLALP--GD--EVDSR
S-SES-LASSLLAYGKRSEKSQ—-—-—--R-——-AAMKPVGPDFGKRRLALP--GD--EVDSR
S-SES-LSSSLLFASKKSEKSR———-—-R-——-TSLKPLGPNFGKKRLGLP--GD--EVDSK
S-SES-V--SMLLIKKRTDRSY-—---K----TAFKPLSPNFGKKRQGLP--GD--EVDNK
S-SES-LSSSMLLVSKRSEKFK-—--Q-—-—-ATFKPVGPDFGKKRLGLP--GD--EVDSK
F-SES-LSSSMLLVSKRSEKFK----Q—-—---SAFKPVGPDFGKKRLGLP--GD--EVDSK
S-SES-LSSSMLLTHKHADRSQ—-—---R-——-AAFKPLGPNFGEKRLGLP--GD--EVDSK
S-SES-LSSSMLFVSKRSEKSQ—-—-—--R-——-ATLKPLGPNFGKKRLGLP--GD--EVDSK
S-SES-LSSSMLFVNKRSEKSQ—-—-—--R-——-GTLKPVGPNFGKKKLGLP--GD--EVDST
S-SES-LS-TLLFTHKKSSRTQ——--K-——-AGFKPLGPNFGKKRVGLP--GD--EVDSK
L-SES-LSSSLLFVHKRTDKPQ-—-—--R—-—--—-AAWKSVGPNFGKKRLGLP--GD--EVDNK
——————— SDSLLFAHKRSERLQ-—---R----APLKSVGPDFGKKRLGLP--GD--EVDNK
—-SET-LSSSLLFSHKRTEKSQ——--R-——-MSCKSVGPDFGTKKLGLP--DD--EVDNQ

—-—-GSETSSSLLFTVGTQDMALRTGLK—-———- PKRKPGPGFGRPR————- AGASSKPAE-
———-ETNSLSSLLFTVGSSSKGADSKTRVATRHHHTGTGSNFGKQMARTERTGNSAGPK-—
SSTSSETSSTLLFLSSKSPROQR————- PLQ---MKPLSKDFGQQKLSSETA-S—--QPQS-
—--GSSEAQSSLLF--GTKPRAS————- QORS—---LKPVPHDFGSRRLAPTQS-D--SQQA-
VSSISSSSSSSPYSSPSAD-HH-—-—===—=———— ETPTEAK----RR--GATGE--EPRE-
FSVGS-QPSSLLFKSNPNMRRF —————— KT---LRPQSEQPST————— SSAAQ--SDDP-
MASTQ-TQSLLLFSTSQSHKRR—————— KM---LKPVPGDFGSQKLSQASSSR—--ISSH-
TGTET-SQSSLLFTIGTTKKKA-————— IT---RKPVSSGFGKDKMGAG--KD--QTDS-
LGTE--TQSSLLFTTDASKKVAKARR-—————— LKPVGPGFGSDRLSAG--RD--QTDG-
SS-A--SESSLLFTMGSLPKRTAQGFRGVK—————— ODAGAGGSRD—————————— KEA-

SA-S—--DQSSLLFTLGASKKM-GRGRQGVS—-—--KTATDAGFGKEKLQSDQPRG—--RDEV-

RYG70450.1
3006
2679
2704
2736
2701
2723
2731
2723
2740
2741
2737
2732
2734
2719
2723
2693
2732
2732
2690
2722
2726
2715
2715
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2757
2754
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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PPTSLPRYMTTORLPVRFSAHSMOOAQSSIINKM-IYRRTMTAEEAQNKHMSDVYNVDLH
STTTDSGNIQSKLLRKRFYKDODREKQTIFFAKQEERRNKMRATLEMERKLRREAQVTMY
NKIEKLSSSNTFHLRRRFLKDREK--SRLHF IRMEMRKOOLROEREKEQKKQOREGQVTIY
GETKEEKRKQVLQLKKRALKDKEM--VSSFFAMNEARKKMRREELKKQRRAARQSYVVMY
VSAMDEANKEIMRLKRRFIHDQES--TARFFMKRNVRMKKMREDIQREQKMKREHQVTMY
TAAERERRADILRLRRRFLKDKEK--ESIKFAKKEIHSOQRTERERRADLKIRQODAQVTLY
TKGIVDORADILRLRRRFLKDREK--VSLIFAKRGIREQRAEQKIKTEKRMERDAKVTLY
TKAVADQRADILRLRRRFLKDROK--ENLIFARKSIQEKHLAKEMKTEQLKKRDAQVTLY
TK-SMEDRSDILRLRRRFLKDREK--LSLIYARKGTAEQKREKAIKIEQKMKODAQITLY
TK-VKDORADILRLRRRFLKDQEK--VSLIYAKKGVREQKOAKENVAEQKLKREAQVTLY
KKAVNDOQRADILRLRRRFLKDQEK--VSLOFARKGIQAQROEKERAAEQTLRREAQVTLY
TK-VADQRLDILRLRRRFLKDQEK--VSLIYARKGVOIQKEEQKMKAELKMKODAQVTLY
AK-GIDDRSDILRLRRRFLKDOGQ--ISKIFVRKGVAEQKREKEITAERKMKRDSEVTLY
SK-DTDEHTEILRLRRRFLKDKEK--LSLIYARKGVAEQKQEKEIKTQLKIKHDAQITLY
TK-GIEERAEILRLRRRFLKDODK--LSLIYARKSLAEQKREKEIKSELKMKYDAQVTLY
IK-GIDERAEILKLRRRFLKDQEK--LSLIYARKGVAEQKREKEMKSELKMKHDGQVILY
TK-GIDERAEILRLRRRFLKDQEK--LSLIYARKGVAELKQEKELKTELKMKHDAQVTLY
AK-GIDERAEILRLRRRFLKDQEK--LSLIYARKGVAEQKREKEIKSELKMKHDAQVTLY
TK-DINERAEILRLRRRFLKDQEK--LSVIYARKGVAEQKREKEIKTELTMKRDAQVTLY
TK-GIEERTEILRLRRRFLKDQEK--LSLIFAKKGVVEQKREKEIKSELKMKHDAQITLY
TK-GIDERAEILRLRRRFLKDQEK--LSLIYARKGVVEQKREKEMKNELKMKHDAQVTLY
VK-GAAGRTDLLRLRRRFMRDOQEK--LSLMYARKGVAEQKREKEIKSELKMKQODAQVVLY
VKSGTPSQADILRLRRRFLKDREK--LSLLYAKRGLMEQKLEKDIKSEFKMKQODAQVVLY
RSRNEDQODSEMYRLKRRFLRDEEQ--TKTYFIKRHTRLEKMREEALREQKSRREHQVTMY
NDNNTPDEDNVWKLRRRFLKDRST--ASKYFARREIKEKSKREERLKOORLRRENQVTLY
-0SVSQPSSSLNHLRRRYIKSEMA~--NNAFYAKRERRKKOLREEILKQQOKIARENKVVMY
TPAMGSQQQEILRLKRRFTKDSQT-KDROQYFIRMHEKKROMLOQOTQSRLKAARESQVVMY
EASAAGGGDDVMRLRRRFLKDQEQ--TRVFFARREARRKOQRREEAETLSRORREGQVXMY
SNENSSQLONIRKLKRRFVKDRKE--TDVYFAKKEIARQKLRTESVQOROKVARENKVVMY
OSODPNEKKEILKLKRRFLKDQOSQ--ISAFFAKOALKRNKFREQATL.OROKAAREGAIVMY
TEDTSQTDREIMRLKRRFLKDQEA--SRAFFARREIRLKKMREEAQKEQKLRRHNMVTLY
RAAEDSQQOSEIMRLKRRFLKDODV--TKAYHARRQTITRMOKMREERVKEQRAKRGNLVTLY
RKAPSEGEKEVORLKRRFMKDQOSS--QSAFFAKRATROKELREEVOKSORERRFAQVTMY
DAKQOSGEDKKINRLKRRFLKDHSS--SQOAYFARREMKRKQLKEKILEEQRERKFSTVTMY

* * e oo

RYG70450.1
3065
2739
2762
2794
2759
2781
2789
2781
2797
2798
2795
2789
2791
2776
2780
2750
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2747
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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AEYRVGEAPDIAISAANLIKPLOTLCLYNPAASSQLLCLLLVSQYRSVDLVKEGIELIDC
ROYRVGELPDIQIPHRALIAPLQALSQRDNKVAQLLFDVVVQAVVDNADSLMTRGEKDTW
ROYRIGDLPDIEINYSSIIVPLOQALAQHDDEICRMLFQSLILSVCCYMKSNQ-VTEYSEF
RKYRMGELPDIQIKHSELIRPLOALAQNDSGLARLLFCSLFNSIFSQLDHLLTEEDAAAT
ROYRTGDFPDIQIKYSFLIAPLOQALAQRDSTIAKLLFVAVFQAIFTQIESEKTERESQOSL
RSYRVGDLPDIQIQFSSLIAPLOALAQRDATLAKQLFSSLFAGVLVEMERLKSNKETADI
RSYRFGDLPDIQIKYSSLIAPLOQALAQKDHSLAKQLFSALFSGILEEVHKSKTA-ETKDI
RCYRVGDLPDIQIKFSSLIAPLOAVAQKDHSLAKQLFSSLFSGILEEVRKSKTAAEMSGI
RNYROGELPDIQISYSNLIAPLOQALAQRDPTMAKLLFSSLFSGILTDTAS————=-— DISV
RSYROGDLPDIQIQHSSLIAPLOQALAQRDPTLAKQLFSSLFSGILIEMEKSKSQSEKKRI
RRYRHGDLPDIQIPYSSLIVPLOQALAQRDSTLAKQLLSTLFCGILAQMEGSKNEAEKRRI
RRYROGDLPDIQIHYSSLIAPLOQALAQRDPTLAKQLFSNLFTGILTEMEKSRSDSERKTI
RSYRHGDLPDIQIAYSNLIAPLQAVAQRDPTLAKQLFSSLFFGIMKEMDKLKSSSEMKDI
RKYROGDLPDIQIEYSSLITPLQAVAQKDPTLAKQLFSSLFSGILEQMKKSKPLAERNNI
RSYRVGDLPDIQIEYCSLIAPLOQGLAQKDPTFAKQLFSSLFSGIFHEVKKSKHPSEKNAT
RSYRVGDLPDIQIEYSSLIAPLOQGLAQKDATFAKQLFSSLFTGILREVEKSKTPSEKKII
RRYRQGDLPDIQIEYSSLITPLOGLAQRDSTLAKVLFSSLFAGILEEMRKSKSQSEKNST
RSYROGDLPDIQIEYSSLITPLOGVAQRDPPLAKQLFSSLFTGILKEMNKFKNPSEKNCI
RSYROGDLPDIQIEYSSLITPLOQGVAQRDPTLAKQLFSSLFTGILKEMENSKSPLEKTHI
RSYROGDLPDIQIEHSSLITPLQAVAQRDPTLAKQLFSSLFAGILKEIDKFKSQSEKRNI
RSYROGDLPDIQIEYSSLINPLQAVAQRDPVLAKQLFGSLFAGILKEMDKFKSPSEKKSI
RSYRHGDLPDIQIKHSSLITPLOAVAQRDPITAKQLFSSLFSGILKEMDKFKTLSEKNNI
RSYRHGDLPDIQIQHSGLITPLQAVAQKDPITAKQLFSSLFSGILKEMNKFKTTSEKNII
RKYRKGDLPDIQIKYSYIIAPLQAVAHRDSSVAKLLFGAIFKGIFSKMDEVKTEREVQET
RRYRIGDLPDIQIKYSYIIAPLOALAHRDNTIAKLLFGAVFKAIYQEMDKVKTDQEMEET
RKYRDGELPDIQIKHSELIAPFQALAQVCYLDONYRY---VNLSVNDLVENFNDEDAAET
RRYRAGDLPDVQIKHSELIAPLQAVAQCDSTLAKQLFSVLVOQAILSOMDEKLTEQDAEKT
RKYRIGDXPDVQIQFCHLISPLOQALAQRDARVAQLLFSSLCDGVVRRAGDTATERDVDAT
RKYREGDLPDIQIKHSDLITPLOQALAQCDSYIAKQLFSGIFRGIFSQIDENVTDTQADETI
RKYRSGDLPDIQIKYSELIAPLQALAQCDNTFAKQLFSALFRGIFSKIDEKLPEREAASV
RSYROGDLPDIQIKHMYLIAPLOQALAQRDTAIARQLFSSLFCGVFAQIAEEKTERESEET
ROYRVGDLPDIQIKYSYIIAPLOALAQRDSMLARLLFSSLFRGIFEEIENVKTEREAEDL
ROYRTGDLPDIQIKHSDIIAPLOQALALRDSTLSRLLFSALFRGILARIGDMCTDGETELH
RRYRTGDLPDIQIKYSDLIAPLOQALAQRDASLARLLFSSLFRGIFSEIEEVKTEREAEST

% % k¥ % ek kek o

RYG70450.1
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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LCDILKQCQSC-SPTCILIPTILQVFIELSSCQPEFVKVLHAKLPDATVCQIALSCGCFH

IQQOLHSSVNVIIANSYMCHPDMLRTVLHLVINND--IL—-===— VSPDALAAACLGGHLEA
CRSLSSALNEILKKSVHYHPQLVAFCYECLNCDVKEMD————- IDYEQICTASQASHKQS
KGVIEGNINTILDCSTQYYPPFIGSLODICYYEN-SLK————- IKPPSITTSSLASKQEF
VAKIESSLNKILETSTQYFSPFIGCVLEIAYLFPKQLK————— LOPGVVSTVCNMSDQQP
LKELVOTLNAFLNKSTVYFPPFISCIQDMSYHHKALLG=-——-— VEPSLVSATCLASLQQP
SKOLVENFNYLLKATTLNFPPFVACIQODMSCOHKDLLG=-=—=~-~— LDSTSVRSTSLASLQQP
GKELLKHFTFLLNTTTLCFPPFVTCIQDMSCKHPDLLN=-———— LDPSIVSSTALVSLQQP
TDKLLKQFNSFLSNSLSYFPPFIACVQDMCYQHDELLH-———- LNPANISTSCLASLQQP
TEEILGDMNNFLSKTTVYFPPFVTCVODMSYRHKELLN=—=——- IEPSSVSSSCLASLQQP
TEELLODMNHFLNKSTLYFPPFVTCVQODMSYQYKELLK=———- VDPSAVSSSCLASLQQP
LLELLGNFNGFLSNTTVYFPPFVTCIQDMSYQHAELLN=-———— LDPASVSASCLASLQQP
TOKLLADFNRFLNITTSYFPPFVACIQDMSYHHTELLN————- LDPSNVSTSCLASLQQP
IQOLLHDFNHFLTTSVLYFPPFIACILEMTYLHEELLD-——=—— LNCYSVSTSCLASLQQP
VOKLLNDFNNFLSMSLSYFPPFIACIQEMSYQOHRELLE————— LDSANVSTSCLASLQQP
IQOLLKDFNQFLSMSMSYFPPFIACIQEMSYQHRELLE-———— LDSANVSTSCLASLQQP
IQQOLVODFNCFLTTSVLYFPPFIACVQEMSYQHKELLD—-———— LNPSSVSTSCLASLQQS
TOQELLONFNRFLSMTVSYFPPFIACIQEMSYQOHRELLD—=——- LDSATVSTSCLASLQQP
VOKLLONFNDFLSISVSYFPPFISCIQEMSYQHKELLD————— IDSTSVSTSCLASLQQP
TLKLLODFNHFLSSTVSFFPPFISCIQEMSFQHTELLN————— LDANCVSTSCLASLQQP
TEKRLLLDFNYFLSSTMLFFPPFISCIQEMSYQHSELLS————- LDSTTVSTSCLVSLQQP
TOKLLODFNRFLNTTFSFFPPFVSCIQDISCOHAALLS————— LDPAAVSAGCLASLQQP
TONLLODFNRFLNTTFLFFPPFVSCIQEISCOHPDFLT————- LDPASVRVGCLASLQQP
IQQTQKSIGVVLTTSIQYFTPFISCLLDVLYSLRSKLK————— VDVSDVSSAAMFGNIQP
KEKISDSLGRMLSTSIHYFTPFMGCVMDILHTLRSSLK————- VEVSELSTIAAKISNLQP
KAETKASLSNIVKKSKHYFPPLIACVQDICYQQK-ELS————- IQSSFASVASLASSQQP
VIDIQGALDNIMTSSTQFYPPFISCIEDICYHKS-MLK————— VQPSSVSTASLASLQQP
MEKLSEAVSVMASSSTSYFSPFIGCLLDVCYRNISILR————— LDPAVVTTVSQTSMQOON
FRDIQDALNNMITSSTQYFPPFISCIQNVCYNEG-KLS————- LEAGKVTTASIGSLQQP
TSDLRSAMNHMLSSSTQFFPPFISSIQDICFHECKLRS————-— VDSASVSTACLTSLQQP
IKNINEHLNSMLSNSTQYFSPFIGCIEDIAYHNCKELM————— LDAQGISTASLISQQQP
TEQISRFLNTALSNSEKYFPPFISSLOQEICYREPRKLS————- PDASVIQQTGVISLQQP
VKGIERHLNOMLTDSNQFDPAFISCMLEIGFYHSEQLT————— LDPAATSQSCLTSRQLL

KVEINRHLNTMLSTSTQYFPPFISCVQEISYYHSEQLT————— LVPSTISTASLTSQQOMH

RYG70450.1
3184
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2891
2895
2865
2904
2904
2862
2894
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2887
2888
2874
2884
2880
2883
2921
2900
2929
2922
2930
2927
2945
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IGIRYLEAKLNIIKNSTFAAGKALSAVSQDTAKSTGHSAKRRKGASSSAGIGNRSDTIDE

LGVLVLERQVLLSQKG-—-———————————— LGRDLPPPOKKLKT-———————————————
LGILLLEDHLICYN-———————————————— NFKSSNPAKRIKL———N-—m—e e —
TGIMLLEKQLLLNV-———— e —— DS--SKSAKRSRT————— e
LGILLLEEGLLHSP—-———————————————— ED-QSPASKRSRR—-—-DR———————————
MGILLLEESLLHGA--—-—————————————— GASEEPPLKRARG-—-KR——————————_
MGILLLEKSLIHST--—-—————————————— TN-EEPPTKKARG-—--RQ-——————————
MGIMLLELSILMHLS-—-——————————————— LP-EEPPAKRSRG-—-RT———————————
LGILLLEKGLLHMK-———————————————— VP-DEPPAKKMRKEKEKA———————————
MGILLMEESLIKGL-—-——————————————— VP-EEPPAKRARG-—--RR———————————
MGILLLEESLIRGS—-—-——————————————— VP-DEPPSKRARG---HR———————————
MGVLLLEQGLIQLL-————————————————— AA-EEPPAKRARG—--RK——————————_
VGILLLERSIMSLV-————————————————— DT-EEPPRKKMRG-——KT———— e ———
MGILLLEQALVHLF————————————————— PVEQQPPSKRMRG-—-KT———————————
MGILLLERALMALS————————————————— PA-EEPPSKRMRG-—-RT——————————_
VGILLLEHALISLS—-———————————————— PA-EEPPSKRVCG——-RA————e—e—e—e
VGILLLEQALVHLS————————————————— SEEEEPPAKRMRG-—-KT———————————
VGILLLEQALTRLS————————————————— SE-EEPLSKRMRG-——RA——————————_
VGILLLEQALITHLS————————————————— TI-EEPPAKRMCG-—-RT——————————_
VGILLLEQALIRLG-———————————————— PP-EEPSSKKRRG-—-KP——————————_
VGILLLEKALIHLT-———————————————— PA-EEPPSKRMRG-—-KP—————e e ——
VGIRLLEEALLRLL-———————————————— PA-—-ELPAKRVRG——-KA———————————
GGIRLLEEALLRLM-———————————————— PK--EPPTKRVRG-——-KT———e e ——
LGICVLEEQLISQD-———————————————— E--DERPSKRGRS———-D———————————_
LGIEVIEERLITED—-———————— . — —— SG-GARPSKRSRY—-——-D——— e
IGILLLEKQIMHLD-—=—————— e —— T——EEPPSKRIKT—————— e ——
MGILLLEKQLLSQE-—-——————————————— A--EPKSHKRMRT-—-E————————————
LGIVLLEKMLMQGA-=-===—=——————————— CDDESRPAKRMRA-—--GS—=—————————
TGIMLLEKQILOMA-———————————————— EDPGERPRKRQKT-—-G————————————
IGIMLLEKQLLEIE-————————— - ——— GK-SONSRKRAKT-—-S————————————
LGLLLLEEYLVQKS————————————————— GE-EERSRKRPRG-=-=-S———— e
IGIVLLEEQLVQKA-———————————————— GV-EEPRSKRART-—-S————————————
IGIRVLEEVLIKKS————————— e —— GD-DERSRKRART——=S——— e ——
IGIRLLEENLIQKP—-——————— e —— WO-EEKSAKRARF———V——oe————————
* o o % . * e
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2902
2925
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2941
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2932
2934
2920
2923
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RYG70450.1
ARCHAEON LFAQIETSTGDPAAAKNTVVTFDDVDSSSIFIQLMHLYDRLSEENIVNTLAEAVFLNDRS 3304
MUDCRAB = ——mmmmmmmmmmm e HLNSQLDTSTWINMAELYKNLSMWDVVRGIIHSKL----G 2918
SCORPION = == KPLISDELSIWLKMAEIYKSLSDYDSVHGIFSNSL----N 2940
SPONGE = = = = = NKSNEVTETWIELARLYKSLEDYDVLHGIFTNLD----D 2968
CAPITELLA = = = = SSRITQDTEPWLELAKLYKSISDYDVLRGIFSSQI----G 2938
DANIO = @ mmemmmemmmmmmm ELPPDT--ERWIHLAKLYRSLGDYDVVRGIFSGKI----G 2959
MILIT = = = mmmemmmemmmmmm e ELPPDTDVARWIELATLYRSLGDYDVLRGIFSEKI----G 2967
BAMBOO = e QLPPDT--ARWVELAKLYRSLGDYDVLRGIFSEKI----G 2958
XENOPUS = = = = EIPPDI--VRWIELAKLYRSIGDYDVLRGIFSGKI----G 2971
STERLET = = = = == ELPPDT--ARWIHLAKLYRSLGDYDVLRGIFSGKI----G 2975
GAR = e ELPPDT--ERWIHLAKLYRSLGDYDVLRGIFSGKI----G 2972
LATIMERIA = = e ELPPDT--IRWLELAKLYRSLGDYDVLRGIFSGMI----G 2966
CAECIL. =  ——mmmmm ELSPDV--VRWIELAKLYRSLGDYDVLRGIFSGKI----G 2968
SNAKE = —emmmmmmmmmmmmm— ELSPDV--TRWIELARLYRSVGDYDVLRGIFSGKI----G 2954
CANARY = e ELPPDV--IRWIELAKLYRSLGDYDALRGIFSGKI----G 2957
OSTRICH = = = = ELPPDV--IRWIELAKLYRSLGDSDVLRGIFSGKI----G 2927
GECKO = e DLSPDV--IRWIELAKLYRSVGDYDVLRGIFSGRI----G 2967
TURTLE = = = = = ALSPDV--IRWIELAKLYRSVGDYDVLRGIFSGKI----G 2966
ALLIGATOR = = ———mmmmmmmmmmmmmm ELSPDV--IRWIELAKLYRSVGDYDVLRGIFSGRI----G 2924
PLATYPUS = = = e QLPPDV--VRWIELAKLYRSVGEYDVLRGIFSGEI----G 2956
TASDEVIL = = e QLSPDV--IKWIELAKLYRSIGEYDVLRGIFSGEI----K 2960
HUMAN = @ e RLPPDV--LRWVELAKLYRSIGEYDVLRGIFTSEI----G 2948
MOUSE = ——mmmmm— CLPPDV--LRWMELAKLYRSIGEYDVLRGIFSSEL----G 2949
CRASS02 = e NAVVSTDTLSWIELARLYKSVKEYDVLLGIFSGRI----G 2936
POMACEA = = e VTPVTKDDMQWIELAKLYKSLGEFDVLHGIFSGML----K 2947
TRICHOPLAX = W ——————— o —— SSASEATSNWIELSKLYKSIGYYDVLRGIFSGHL----G 2940
NEMATOSTELLA = ———————mmmm HSPSSDTTAAWLELAKLYRSVEEFDVLHGIFSDHI----G 2945
PRIAPULA = = = e GMGVSQHTDTWIELARLYKSLGDYDTLHGIFNDKI----G 2986
SOFTCORAL = = == GNPSPESTATWIELSKLYKSVEDFDVLQGIFNSHI----G 2964
PISTILLATA = = ———mmmmmmmmm e TVPPSEVTTCWIELSKLYRSVGDYDVLRGIFTGHI----G 2992
HEMICHOR = = = = = ASLLSQEISTWIELSRLYKDLDNFDVLRGIFSGKV----G 2985
BELCHER = = ———— e —— SSPVSAETATWIELARLYKSLGDFDVLQGIFSRKV----G 2993
STRONG = & ——mmmmmmm——m RPESNQEMSTWIELARLYKAMGEFDVLRGIFGALI----K 2990

STARFISH = = = == SREPSPEISTWIELARLYKALGDFDAVQGVFSACI----G 3008
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

ARCHAEON
MUDCRAB
SCORPION
SPONGE
CAPITELLA
DANIO
MILIT
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS02
POMACEA
TRICHOPLAX
NEMATOSTELLA
PRIAPULA
SOFTCORAL
PISTILLATA
HEMICHOR
BELCHER
STRONG
STARFISH

RYG70450.1

SDEAAAQMKEAIDYEARGEFTSAVEVYNSLLRGI-GSNSGSQLTGPCKKRNFAASQLDAS 3363
R--IKPETREALEAEATNDSVOAFIIYRTALNT--OQWPE--EP-=——————————————— 2955
I---QEETKOALEFESRGEYLLAVKIYSKLYDQT-EWSAE-EP-=-—==———————————— 2978
T---KDVTRKALEAEERGDYLTALNLYKKAIDF--DWPQOGESP-—======————————— 3006
S—-—--KPATRLAIEAETRGDYRSALQLYNESLAKE-EWDDGEHP-—===———————————— 2977
T---KSITFTALOQAEAKSDYAEAVKLYNEALNKE-DWDDG-EP-—==—=——————————— 2997
T---KPLTHTALLAEAKSDYAEAVRLYDOALNTE-EWMDG-NP-—==————————————— 3005
T---KSTTQKALLAEAKSDYAEAVOLYDOALNTE-EWVDG-NP-—==——————— - —— 2996
A---KSITQCALNAEAKSDYAKAAKLYDEALT-E-TFSDG-DP-====——————————— 3008
A---KSITSMALQAEAKSDYAEAVKLYNEALNTE-EWTDG-EP-—===———————————— 3013
A---KPVTSLALQAEAKNDYSOAVKLYNEALNTE-EWMDE-GP-—===——=—————————— 3010
T---KOVTQKALLAEAKSDYSEAVRLYDEALNVE-EWPDG-EP-—==————————————— 3004
T---KPHTKDALLAEAKSDYATAAKLYDEALNMP-DWSND-EP-—=——=———————————— 3006
T---NEITHNALLAEAKSDYAEAAKLYDKALSIQ-DWPGD-EP-—==————————————— 2992
T---KEITQKALLAEARNDYAEAAQYYDKALSQE-DWODG-EP-—==—=——————————— 2995
T---KEITQKALLAEARSDYATAAKHYDEALSKE-DWODG-EP-—==—==——————————— 2965
T---KEVTQKALLAEANSDYAEAAKQYDEALSKQ-DWPDE-EP-—==————————————— 3005
T---KEITONALLAEARSDYAEAAKQYDEALSKQ-DWPDG-EP-—==—=——————————— 3004
T---KEITQKALLAEAKSDYVEAVKQYDEALSKQ-DWSDG-EP-—==————————————— 2962
T---KHVTQIALLAESKSDYSEAAKQYNEALNMO-HWEDG-EP-—==—==——————————— 2994
T---KPVTONALLAEAKNDYSEAAKQYNEALNTQ-EWLEG-DP-—====——=————————— 2998
T---KOITQOSALLAEARSDYSEAAKQYDEALNKQ-DWVDG-EP-=-——————————————— 2986
T---TODTONALLAEARSDYCQAAKLYDEALNKL-EWVDG-EP-—==——————— - —— 2987
T---ODITKEAVOMEARGDYYKAVKLYNQALSCN-DWDE--NP-—==————————————— 2973
T---KEVTQLALIEESHSEYKAATALYNKALESA-DHDP--RP-—==—=———————————— 2984
T---KDITQRALEAESRHDYAAAVKYYNOAMDCS-SWPDG-EP-—==—=—=——————————— 2978
T---KPITRLALEAEARGDYAQALKIYNEAMSCD-DWSS==-KP-===—=———————————— 2982
T---QTCTQEALQAEASCDYKLARKLYQRALE-M-EWGESEGP-—======————————— 3024
T---QSITKDALEAEGRGDYTEALKLYSQOATNCD-EWPAGSSP-—=====—=————————— 3003
T---KDITREAMEAEARGDYSQALKLYNEAIGTDDVWIKE-EL-===—=———————————— 3031
T---QPVTREALEAEASANYQKAANLYDEALGCT-DWPDG-RP-=====——————————— 3023
T---QTVTYEALEAEARGDFKKAVELYNQOAMQET-EWPDP-QP-—==—=——————————— 3031
T-—--KDVTQEAIQAESRGDYESALELYSKAIS-S-DWGPD-GV-—-——————————————— 3027
T---HEITKTALEAEARGDYSTALKLYNQAFE-M-DWDEG-AV-==—————————————— 3045
*s ok . * *
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SLGOGQVLGLLVGRSLECYHKLASWESLYSCTAY-LFEG-SGVVDRMDLDGESAQRVLSD
—-—-DPAEVHLWEECYASCAAKLGOWSELENFVENRLLKDEAGQVSLN=-==——=—=—— QVWTL
——-NOAEIDLWDNAILOCYDYLTOWDLLOLSTIIN-RLDENQKOPNLN=-==—=—=—=—— KIWEE
—-—-POVEEDLWEDSLLNAYSHLTKWKDLEKASTC-NIGE-ETNSKLE-==—==—=—— QLWKD
—-—--TEAEINMWDSSRIECAENLTQWRDVETLSTS-DLE----GSSLS———————— AVWDS
-—-TITEKDFWEIAALEAYNHLTEWKSLEYCATV-NIDD-SSPIRLD-====—=—— RMWTE
-—-METEKDFWEIAALECYNHLTEWKALEYCSTV-NIDD-KTPADIE-==—=——— NIWSD
-—-TDAEKDFWDIAALECYSHLTEWKSLEYCSTV-NISD-KTPVDLE-==—=—=—— DIWTD
—-—-TDAEKDFWELASLECYNHLTEWKPLEYCSTV-NIDT-GKPPDLN-==——=—=—— KMWSD
-——-AEAEKDLWEIAALESYSHLTEWKSLOYCSTV-NIDD-SSPADLE-==—=——— KIWGD
-—-TDTEKDFWEIAALECYNHLSEWKSLOYCATV-NIGD-SSPVDLE-==—=—=—— KMWSD
-—--TEAEKDFWELAALECYSHLTEWKALEYCSTV-NIDD-KTPADLE-==—=—=—— NIWND
-—-TEAEKDFWEVAALECYNRLTEWKPLEYCSTV-NIDD-SKPADLN-==—=—=—— KIWND
-—-TEAEKDFWKIASLECYNHLTEWKSLEYRLTV-NIDN-GOPADLN-==——=—=—— KIWSD
-—-TEAEKDFWELASLECYDHLTMWKSLEYCATV-NIDS-GKPPDLS—==—==—=—— KTWND
-—-TEAEKDFWELASLECYDHLTEWKSLEYCATV-NIDS-GOPPDLN-==——=—=—— KTWND
-——-TIEAEKDFWEFASLECYDHLTEWKSLEYCSTV-NIDD-KQOPPDLN-==——=—=—— KTWSN
-—-TEAEKDFWELASLECYNHLTEWKSLEYCSTV-NIDS-GOPPDLN-==——=—=—— KTWSD
-—-—-SEAERDFWELASLECYDHLTEWKSLEYCSTL-NIDS-EQPADLN-==——=—=—— KTWSD
-——-SEAEKDFWELAVLECYNHLTEWKSLEYCSTV-NIDS-ESPPDLN-==——=—=—— KIWND
-—--TEAEKDFWELAALECYNHLTEWKSLEYCSTI-NVDS-ENPPDLS—==——=—=—— KMWSE
—-—-TEAEKDFWELASLDCYNHLAEWKSLEYCSTA-SIDS-ENPPDLN-==————— KIWSE
-—-TEAEKEFWELASLDCYNNLSKWKELEYCSTV-NIVS-ENSLDLS—=====—— KMWSE
——-PTIEVDMWDESRMECLDNLSQWKELEGVAMS-GIS—---SNSIS———————— QVWKD
-—-LEAEIDLWDESRMECLNRLTEWTKLEMVTTD-ALSQ-EGEISLA-=—=—=—=—=—— SVWDD
-——QAEEEDLWEISRLECLYNLTQWDKLEYLSLV-NVD-NNDPPSFD-==—==—=—— KIWED
-——00QEEDLWDDARMOCFANLAKWGDLEEYSKT-GVDDEGNPPDLD—-==—===—~— KIWTD
—-—--GOGERDLWDISLMOCLDRLTDWTALDAHTKECLIPEGSSEADLQ-==—=—=—~— LLWED
-—-LOAEEDFWDDSILECCRRLTLWDKMDHNCIV-NFDEANGVLDLN=-==—=—=—=—— QIWRD
—-—-ROEEEDLWDVSRLOCLADLTKWKELEKCSVE-SIDD-KNPPDLD—-==—===—— KVWSD
—-—-EQVEEDLWDDCRLOCYEQLTDWOKLEQASTI-NIDD-NDPPDLD-=====—— KIWDD
——-LAVEEDLWDDSRLOCYDHLTQWKNLYEVSTV-NIDE-DSPPNLD-==—==—=—— KMWDD
—-——-AREEEDFWDEARLOCCNQLTKWDDMESFSTD-QIEG-KGSNDLS—==—=—=—~— QIWND
—-—-SQVEEDLWDESRLNCCNQLTOQWKELONYSTV-NIDD-NSPHDLG-==—===—~— KIWSD
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RYG70450.1
ARCHAEON FVLNQSLADEDRAAHLRRTAASYYLRSFIHLSFPLLEKPLAMQSRAFLATQLIALK---- 3477
MUDCRAB P R—————— PAVSVLPSIVNSKLMS—----ILDGSE-TDRNLNAFIDSALGEPNH 3046
SCORPION P Y- YOENYLPFLIKSKLKL----LIENR--NDQSLLCFIDSALKEENK 3067
SPONGE S———— Y- COQEHYLPFVLSSKLKL----WCTDD--SDHGLASFLDKSLSEEAN 3094
CAPITELLA T Yoo HOEVYLPPMLRSKIKL----ILNGDT-SQDNLLSFIEESLKTPVH 3063
DANIO T P YVETYLQYMMRSMLKQ----LOMGE--TNQDLLSFVDAAMKTEEH 3085
MILIT T P YOETYLSYMIRSKVKL----LQOSGE--VDQSLLTFVDRAMKVEQR 3093
BAMBOO P P YMEAYLPHMMRSKVKL----LQOLGE--NDQSLLTFVDNAMKVDQR 3084
XENOPUS P Fr————— YOETYLPYMIRSKLKM----LLGGN--NDQTLLTFVDEAMKVEQR 3096
STERLET P P YQEAYLPYVMRSSVKL----LQLGE--PDQSLLTFVDNAMKVEER 3101
GAR P P YOEAYLPYVVRGMVKQ----LOLGG--QDQSLLTFVDNAMKVEER 3098
LATIMERIA P P YOETYLPYLMRSKVKL----LLLGQ--GDQSLLTFIDNAMKVEER 3092
CAECIL P P YQOETYLPYMIRSKVKL----LLOGK--DDQSLLTFIDNAMKVEQR 3094
SNAKE P P YOEAYLPYVIRSKLKL----LFHGG--SDQSLLTFIDEAMKAEEK 3080
CANARY P P FOETYLPYIIRSKLKL----LLSGE--NDQTLLTFIDEAMKTEQK 3083
OSTRICH P Y- YOETYLPYIIRSKLKL-—---LLNGE--NDQTLLTFIDEAMKTEQK 3053
GECKO P Fr————— YOETYLPYIIRSKLKL----LLHGG--DDQSLLTFIDEAMKTEQK 3093
TURTLE P P YOETYLPYIIRSKLKL----LLHGG--NDQSLLTFIDEAMKIEQR 3092
ALLIGATOR P P FOETYLPYIIRSKLKL----LLHGG--SDQSLLTFIDEAMKIEQR 3050
PLATYPUS P P YOETYLPYMIRGKLKL----LLOGG--SDQSLLTFMDEAMKKEKQ 3082
TASDEVIL P P YOETYLPYMIRSKLKL----LLOGA--SDQSLLTFIDEAMKKEPQ 3086
HUMAN P P —- YOETYLPYMIRSKLKL----LLOGE--ADQSLLTFIDKAMHGELQ 3074
MOUSE P Fr————— YOETYLPYVIRSKLKL----LLOGE--GNQSLLTFVDEAMNKELQ 3075
CRASS02 T Y- YOEHYLPYITIRSKVKL----MLOGDG-DQQPLLTFIDDCMKQTEQ 3059
POMACEA T Yoo YMETYLPYLIRSKLKL----LLHGDE-KQQSLLSFIDDSMKNPQH 3073
TRICHOPLAX Ne————— Yoo YOENYLPLFLKSKAKV----MCENDLAGSDDFIQYLNKSLANDEH 3068
NEMATOSTELLA T Yoo LOEHYLPFIMRSSIKL----ICEGEE--RPCFLEFLRHSMMNEER 3071
PRIAPULA T Yoo YEENHLPFVMRARLKR----LLVEG-ARDQTLLSFVDAATGHPDR 3115
SOFTCORAL D————— Y- YKEHYLPFLLCSKTKK----FCIGD--RDEVFFNFIFDSLKNEER 3092
PISTILLATA T P YOEHYLPHLITSKLKL----QCQGS—--GDMTLNEFVAKAMKTSER 3119
HEMICHOR T Yoo YQEHYLPYVIKSKLKL----LMEDDDTDDQSLLTFIDKSMQHKER 3113
BELCHER T Yoo FQEHYLPFTIRSKLKL----LLEGE--MDQSLLNFVDSAMQKPDR 3119
STRONG D————— Y- QQOEIYLPYMMRSKLKR----LMEGS--EDDSLLGFIDSSAKDQEK 3115
STARFISH T P YOELYLPHMMRSMLKQ----LMEGG--EDETLLQFIDASMSDADK 3133



Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

ARCHAEON
MUDCRAB
SCORPION
SPONGE
CAPITELLA
DANIO
MILIT
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
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ALLIGATOR
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HUMAN
MOUSE
CRASS02
POMACEA
TRICHOPLAX
NEMATOSTELLA
PRIAPULA
SOFTCORAL
PISTILLATA
HEMICHOR
BELCHER
STRONG
STARFISH

SNHSASLSSLDLAASHILLEDYYQASLAMKDAVSTFLNKFTMLHAVAYKG--KAGLLLSL
RNLLESTLPLPLAIMSAHQOKMAQARHYITLATSKVLLTLAQSSLLTPKP--LTGTVRDI
KKYLEENFSEELALLYITQENYDRAQYYSQOLCLODFLKEWSSLNVLMPII--RKTKLOSL
RSVLESHYPQELTLSYVLRDDYDRAYYYLSLSLKAKQQIWSVQDGISSSTGAVSSTVQSL
KAFIEGSFSSELALVCIHQELYDKAKHYANMSLOAFIQODWANLSTTRTST--RATKLOKL
KITMETHYSQELSLLYILOQEDYDRAKYYANNCMOVFMONYSSIDPLLNRS--RLTVLQOSV
KAVIETYYSQELSLLYILODDVDRAKYYINNCMEVFMONYSSIDTLLHOS--RLTKLOSL
KTVIETRYSQELSLLYILODDFDRAKYYVNNSIOSFMONYSSIDPLLHRS--RLTKLOSL
KVLMETFYSQELSLLYILODDFDRAKYYINNGIQVFMONYSSIDCLLYQS--RLTKLQOSV
KSITETSYSQELSLLYILOGDFDRAKYYVNNCMOQVFMONYSSIDTLLPGS—-RLTKLQSV
KSVMETNYSQELSLLYILODDYDRAKFYINNSMOVFIQONYSNIDALLYGS--RLAKLQOSV
KALLETHYSQELSLLYILODDFDRAKYYVGNCMOVFMONYSSIDTLOHKS--RLTKLQOSV
KALLETNYNQELSLLYILODDFDRAKYYIDNGIQVFMOSHSSIDTLLNKS--RLTKLQOSV
KALIEMYYSQELSLLYILODDFDRARYYVKNAMOVFMONYSNIDSLLFNS—--RMIKLQOSV
KAITEMHYSQELSLLYILODDFDRAKYYISNGMQIFMQOSYSSIDSLLYQS—-RITKLQSV
KAITEMRYSQELSLLYILODDFDRAKYYISNGLQIFMQOSYSSTDTLLHQS—-RMTKLQSV
KALIEMYYSQELSLLYILODDFDRAKYYISNAMOVFMONYSSIDSVLHOS--RLTKLOSTI
KALIEMYYSQELSLLYILODDFDRARYYISSGMOAFMONYSSIDTLLHQOS--RLTKLOSV
KALIEMHYSQELSLLYILODDFDRARYYISNGMOVFMONYSSIDALLHQS--RLTKLQOSV
KTLIETHYSQELSLLYILODDFDRAKYYIDYCIQIFMONYSNIDALLLOS--RLTKLQOSV
KTLIEVHYSQELSLLYILODDFDRAKYYIENSIQVFMONYSSIDALLHQS--RLTKLOSV
KATILELHYSQELSLLYLLODDVDRAKYYIQONGIOSFMONYSSIDVLLHQS--RLTKLOSV
KTVLELQYSQELSLLYILODDIDRATYYIKNGIQIFMONYSSIDVLLYRS--RLAKLQOSV
KALIESRYSEELALMYIWQADYDRARHYSTLATOQFLLDWSSTDSLMSVS—--RKSQLORL
RAHLESRYCEDLALMYVWOKNFDLARHYARLAVOSFFODWSSTDSLMTAS--RTHCLOQORL
LSVLENRHCDCLALIHVLLEKYDRARYYLDFSIOKFLODWSALDSTLLYS--RASKLOSL
KAFLESRYGDDLALLFILRDDYGRARYHVTNCFQAFLKDWSGLSSMMVSS—--RASKLQST
RAVIETWHGEELALLYIVQOGDYTRARHHAARCLOAFLRDWASLDALMLAS--RAARLRSL
KVYLENKYSDILALLFILDEDYDRARYYTSICLOAFLEDWSGLDSIMTSS—-RSAHLQSL
AALLRSRYSDSLALMYVLQODNCDSASYYAALSEQSFLSDWAGLDSNLRSS—--RSIKLQSL
KALIENRYSEALAMLYLLODDYDRARYYTANCIOSFLODWSGTDTLMGTI--RSSKLOCV
KALLESRYCEELAMLYLYQDDYGRAKYYVGNCTDAFLOQEWSGMDRLMTSS—--RAAKLQSL
RVILESRYTEELAALSILKEDYNRAKYYLANSTSSFLOEWSGLGPLMLTS—--RLSKLODI
RAFLEARYSEELSTLYTIQEDYDRAMFYLANCROQSFLHDWSGLGPLMISS—-RRAKLQCI

*3 * . :

RYG70450.1
3535
3104
3125
3154
3121
3143
3151
3142
3154
3159
3156
3150
3152
3138
3141
3111
3151
3150
3108
3140
3144
3132
3133
3117
3131
3126
3129
3173
3150
3177
3171
3177
3173
3191

70
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TRICHOPLAX
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PRIAPULA
SOFTCORAL

PISTILLATA

HEMICHOR
BELCHER
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STARFISH

ORMNELRDFIFYNTQ-QAYIASKISAMOGLANSTGOOKKIALNNLEDDIIKAWTLSEPNI

OLVTELGEFLETLDY-THNEN-==-=—————— o —— YPNKVRKTVKNWKTQETCL
OKHIELQEFLNFIDT-YRNI-—-==—————————— DEYHFKNLTDRWLKRYPDI
ORLTEMNEFITFMKS-NDNFSSP-—===————————————— G--PVNNLLRKWRKRFPDP
QEFTEMQEFLSVIKTTSG-E--D=-===——m— FPROIDRTLHKWEARSPDR
OALTEIQDFLNYITG-DV-==-SV-mm——m e — N--SLKFMIRRWTSHYPDA
OAVTEMODFLHFISK-EYNFISE-————————————————— V--PLRKLLRTWTGRYPDA
OTLTEIQODFLHFITK-GSNLTSE-====————————————— V--PLRKLVRTWIGRYPES
OALTETODFISFIRK-PGNVSS—==————— S—--SLRKLFQGWMKRYPDS
OALTEIQDFLNFMTK-DV-=-SQ=-===——— T--SLKSLIRIWTDRYPDA
OALTEIQODFLYFITK-DV-=-ST-=———————————————— A--SLKTLIRTWTHRYPDD
OALTEMODFLGFISK-PDHLNSR-=====———————————— A--SLRRLLRNWSDRYPDA
OALTETKDFIHFISK-PSNLTSQ=-=====———————————— T--SLKRLLRIWSSRYPDS
OALTEIQDFINFMSK-ESSLTFQ=-=====———————————— A--SLKRLLNIWRSRYPDT
OALTEIQDFINFMTK-RSNLASE-—==—————————————— A--SLKRLLRTWTSRYPDA
OTLTEIQDFIHFMTK-TSNLASQ=-====————————————— A--SLKRLLRIWTSRYPDA
OTLTEIQGFVNFISR-SGNIASQ-====————————————— A--SLKRLISIWMSRYPDS
OALTEIQEFINFISK-PSSLASQ=-=—===————————————— V--SLKRLLRIWRSRYPDD
OALTEIQDFINFMRE-PSNLASQ=-====————————————— A--SLKRLLRIWTSRYPDA
OALTEIQDFTNFISR-PSNLSSQ=-=====———————————— A--SLKRLLRIWTNRYPDA
OALIEIQODFVNFMSK-QOGNLSSQ=-======——————————— A--PLKRLLRIWTNRYPDA
OALTEIQEFISFISK-QOGNLSSQ-—===————————————— V--PLKRLLNTWTNRYPDA
OTLAEIEEFLSFICK-HGDLSSL—-====————————————— G--PLRRLLKTWTSRYPDV
OPLVELQEFLSFMAS-EGNFTSV-=—m———m—— o —— T--PANSLIERWOARALHP
OPLLELOQEFLDFVAD-KNNFTSF-=—==——m—————————— —— E--PSHOLTIARWEQRYPHV
OTLTEMQEFLOQFMDD-GRNFESV-===———— e —— T--PVLSLISKWSTRFPNE
OKITEMQEFLEFVVK-EGKLLK-=====—— - —— K--TLEDLFSRWSVRFPNS
OKLTEMNEFLDAITATPDAFTRN-——==—————— D--TARALVDRWMDHMPHP
OALTEMQEFLDFISH-EDNFSTI-====————————————— S—--SVKSLLKRWSSREPDP
OKITEMQEFLEFIAE-EGNF--S—=————m— o —— SPMPVLSLLNKWYSRLPHP
OKLSEMQEFLTFITN-ERNFDEH--====———————————— K--PVSDLISKWTKRLPDV
OKLTEMQEFLELISN-DRNF--E-——m———m— e —— TPWPVTRLLEKWSSRYPDN
OKLTEAEQFLOLANK-PFSEGLK-====—=———————————— S—--SATRLVSDWSRNLPDP
ORLTEKONFLKLAIK-PDLOEAl - ===—————————————— GCOKSLELLDRWSGCHLDS
* * * *

RYG70450.1
3594
3143
3163
3193
3160
3179
3190
3181
3192
3195
3192
3189
3191
3177
3180
3150
3190
3189
3147
3179
3183
3171
3172
3156
3170
3165
3167
3213
3189
3216
3210
3216
3212
3232
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-FDPLHHWSDVIWTRSLMLOKLADSNSNODAQ—==—==— LSAKG-======—————=— AEH
-TDSSVLMOFLSSHRELYFQFLEKELPQD=-====————— e e e e — CLED
-FDSVNIWDDIIMNRSLYMEKIVSKLOQETNNQ--STSFSLEESMDTS--IVDSEPNSYFD
KLDPVPIWDDIITTRWMMLRKISTKLODSVLS-QQCEYLLDDDG=========—=—=— SSCS
LLDSVVIWDNIILNRNVYMDHFAEHLTSIDAK-—==———— e e e e e —
KLDPMNVWDDIITSRCFFLDKILKRLKST———=——— PENSMEVDGADQG-—=====— SGEE
KMDPMSIWDDVITNRCFFLDKIQERLVSV=—=—— OADESMEVDREGEVETRMEVDKEEED
KLDPMSVWDDVITNRCFFLDKIKERLSLL—==—— OADDSMEVDDEGA-ETQMDIDKEEDD
KMDPMNIWDDIISNRCFFLDKIQDVAVGHPQ---LVDESMEVDDLADGNEAMEVDR-QED
KMDPMNVWDDIITTRCFFLDKIAGKLTNS———=—— EADNSMEVDGGEDTGVKMEVDE-PED
RMDPMNVWDDVITNRCFFLDKISEKLVSS————— VAGDSMEVEEDGDKEIKTEAGE-WED
KMDPVNIWDDIITNRCFFLDKIQEHLCKV=—==—— PADESMEVDGEGDASPRMDVDE-EPN
KMDPMNVWDDIITNRCFFLDKIREKLPHF ———=—— QADDSMEVDGGGDASDRMELGGEEED
KMDPMNIWDDIITNRCFFLDKIQEKFSST————— HLDDSMELDGDAT--FSMEIDNENQD
KMDPMNIWDDIITNRCFFLDKLOQEKLPSD=———— QANDSMEVDGEYSAGDQMEVDQQGEN
KMDPMNIWDDIITNRCFFLDKLOQEKLPRD=—=—— OANDSMEVDEKDDIGDQMEADQQGED
KMDPMNIWDDIITNRCFFLNKIQERLPNT—-———— HLEDSMEVDGGGDANDNIEGGNEKED
KMDPMNIWDDIITNRCFFLGKIQEKLPNI—-———— OADDSMEVDGRGDVGDKMETDMQEED
KMDPMNIWDDIITNRCFFLDKIQEKLLNV===—— OADDSMEVVEAGDIGDEMEVDQQEDN
KMDPMNIWDDIITNRCFFLSKIQEKLAGL—-———— OADDSMEMDGGGDTTDRMELEKQEDD
KMDPMNIWDDIITNRCFFLNKIQEKLNCL—-———— QOLDDSMEVEGDGHFIDKVEVEKQEED
KMDPMNIWDDIITNRCFFLSKIEEKLTPL—-———— PEDNSMNVDQDGDPSDRMEVQEQEED
VIDPMHIWDDIITNRCFFLSKIEERLTAP—-———— SGDHSMSVDEDEESIDR-EVYEPKED
LLDTEAVWDNVVTNRMVFLDHISNRLSTSLVK--KEEDAMEEDE-—====——————————
QOLDLVDIWDDVVTNRNVYMDKIRDOMLSSNLM—--EE—-———— DHD-===——=———————————
VIDPINVWDDVIVNRCMYLRKILLOYRVIQTAFTSTEDSMEIDGEDRVIY—————— TFPA
KLHPISVWDDVITNRRIFGLTVC-====————— VYRPDSMDVDGEWS-CP—-=———~ SVDA
TLDPVSIWDDTVINRCLYMDHLSRHFHGNQPA-G-====———— e e —
KLHSVGVWEDVMTNRSVFLDKILLKFGQSSQL-HSSEDSMEIDGLN——————————— TTQ
ILHPIGVWDDIVTNRVLFMSKFLOKFEAMGAE-ERSGIC-==-=-L—-==—=————————— DD
KRDSTNTWDDVITNRVFYLRKLFOQKSGDAMEG=-===D==——— DG-—m— OA
RMDPISVWDDITANRCLYLDKLNDKFEQMAAR-GVLD--TEVGG-======——————— EP
KRDPISVWDDVTQYRCLYMDKLCNLLGDSGGG-GGGGDSMETED—————————————— OK
KKDPINIWDDVVSNRLLYMDKLGSRFIRSESQ-QOAGE—=——- EE-—mm—mmmm TA

*

RYG70450.1
3633
3175
3218
3240
3192
3225
3245
3235
3248
3249
3246
3243
3246
3230
3235
3205
3245
3244
3202
3234
3238
3226
3226
3198
3207
3219
3210
3246
3237
3257
3247
3259
3257
3272
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

End RYG70450.1
Start RYG70459.1 (Archaeon)

ARCHAEON IS———————m GMFLRSAVAAVAQGKLTAVKPLLETANAVR——————— KGMRUMCYLCFTV 3678
MUDCRAB IQKLMKDAKSSLHKSVIKTALMNKNYHLANRHLKKLRPLCGD----DEELA-KFYFLMTE 3230
SCORPION SEKFLKEQRLKMKLKFVEAALLQGNLQVAVKHLKWSQQIAKE-LKADH-HWINCIHLYCK 3276
SPONGE VDSMMKNENINMFMRAADAARTQSNYPVAENYLKIVEKSILKDFPDNYFIQLRWLHSLIK 3300
CAPITELLA -IDPFGKQRVVMSLAQVDAASLOGNHSVARKLLKSAKDLVKV--VDSEELSVLFTHSHAN 3249
DANIO LGVLVKTCKFNMKLOMADSAWKONNFPVASKLLKELHRHA--—--KIDDARLLRWVHSFSR 3281
MILII INMAIRSCKFNMKLKMAESGTKQNNFAVAMKLLKELHKES----KARDDWAVKWTHTYSR 3301
BAMBOO ITMLIRSCKFNMKLKMLESARKQONNFSVSTKLLKELHKES----NIRIDWRVRWIQSYSR 3291
XENOPUS IAVMINKCRFTMKMKMVDSARKQONNFSVAMKLLKDLHRES----KTNEDWSVKWIHSYSR 3304
STERLET VGSMIRGCKFSMKLMMADSARKQONNFSVATKLLKELHRES----KNQEDWLVRWVHSFSR 3305
GAR PDFLIKDCKISMRLKMAESARKQORNFSVAAKLLKALHKEC----KARSHWNLRWAHGFCR 3302
LATIMERIA ISAMVQSCKFNMKLKMAESARKQONNFSVATKLLKELHRES----KSREECLTRWVHSYSR 3299
CAECIL ITSMIKSCKFNMKLKMVESARKQONNFSVAMKLLKDLHRES----KTRDDWSVRWIHSYCH 3302
SNAKE THTMIKNCKFAMKMKMIECARKONSFSVALKLLKDLHGDS----KTCEDWRVKWNHSYCC 3286
CANARY IHSMIKSCKFNMKMKMIESARKQNSFAVAKKLLKDLRKEA----RWREDWLVRWNYAYCR 3291
OSTRICH ISSMIRSCKFNMKMKMIESARKQONSFSVAKKLLKYLHREA----KTREDWLVRWNYAYCR 3261
GECKO IHSMIRNCKFSMKMKMIESARKQONSFSVAIKLLKDLHRDS----KTREDWLVRWNHSYCR 3301
TURTLE IHSMIRSCKFNMKMKMIESARKQONSFSVAMKLLKDLHRES----KTREDWLLRWNHSYCR 3300
ALLIGATOR IHSMIRSCKFNLKMKMIESARKQNSFAVAKKLLKDLKRES----KTRDSWLVRWNHSYCH 3258
PLATYPUS IYSMIESCKFSMKMKMIESARSQNNFRVAMKLLKDLHRES--—--KTKDDWLVRWNHNYCR 3290
TASDEVIL IYSMIRSCKFSMKMKMIESARKQONNFSVAMKLLKDLHRES----KTREDWLVKWNHSYCR 3294
HUMAN ISSLIRSCKFSMKMKMIDSARKONNFSLAMKLLKELHKES—----KTRDDWLVSWVQSYCR 3282
MOUSE VRCMLQSCRFTMKMKMIESAWKQSNFSLSMKLLKEMHKES----KTREIWRVOWLHSYSQ 3282
CRASSO02 -EDLFLASKIHLRLKMADSSCHKRNHKLALNILADIHKNYRD--KENEILNLEWSHLYAK 3255
POMACEA -SSIFEDIKLRQQLKLAHSCQEQNNFNLTLRILKETYSKCKR--EKSELLVVEWSHLYAT 3264
TRICHOPLAX LKKRIAEEEVSLYLKLADTARLOSNYPVAIKHLRQTLYHINQELDKDELLTVKWTHIYTK 3279
NEMATOSTELLA LRERITREEVALQLKMVQAAREQSNFPVAHRYLRESLKSIED-————— NLHVKWTHAYAV 3264
PRIAPULA -SDPFLEQKFNLFLAYQQSAMOORNPQVALKHLRTTNQLLK--KLDSDSLAVOWTHSYVR 3303
SOFTCORAL LEEIFLRERVLFSLRLSEVATGOVNFPVAKKQLQSSLHLIRDRLKNDSELEVLWTHSYGD 3297
PISTILLATA IKDKFFKQEVELKLCMANAAKEQGNYAVAHRCLKEALYKI---POGNENLNISWSHTYAE 3314
HEMICHOR MVNAISKDKLLMELKLVDSVSQONNFGVAEKYLKRNCADA----RDDDAWRLIWTLSYAR 3303
BELCHER FSHRAQREQFLLRLVLADSAREQANFPVALKHLKNTLKDF-—---TEDDPLRLRWTHCYAR 3315
STRONG FDDLVRREKVLLSMKMADSACQQOANFCVAAKHLKSTHRGL----VEFEDLRPAWTHSYVS 3313
STARFISH 3328

LEKRILRERLWLELKMADSACQOGNFSVAQKHLKATHGSL----SAHEDLKPKWTHSYVQ

*
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SGRRAGLTIEEVQVVTFYNRASILEQVEFNKVEELLTKTKKMLDMKDDSLR----KAQAE

TNIQRGRS—=====——————————— R-PONRLOQYLVEAWVKFLGKVTS—=—=—=—— MPVLEQ
IDLKKAKN-=—==————————— ONYPEQLDTLL-CAHKQLAKLDL—=——=—=—— HFPKK
VRLDRIHQ-=====——————————— DPSPTDMEAVI-SLTCOMDNFKGRLGGSGKGAIS-
ANKRKCAS—===—=—————————— GSEPSERLNLLV-EVKKRLDKCSE—-—=—=——- SSTLKL
FTHKRIAR-—-==————————————— LGPSEKINALL-KTVPLLK-DAE-——=—=—-— ROSEAL
LSHRRSQR-—==—— = —— OARPEQVVTVL-KSIPLLV-EIN-——=—=--— VDYLNT
FSHKRSRS—=====———— = MKRAEQIVTVM-KTIPLLG-EID-==——- VGNLNI
YSHSRSRD-===————— - —— LTCSEQILTAL-KTIPLLE-ESK-—=—=—=—-— TEYLTK
FSHTRSHT--======—————————— OSSSEQILTVL-KTIPLLE-ERK-——=—=—-- IDYTKA
FKHLYSOA-——=————————————— ODSAEQILNVL-KTVDVLE-DSK=-==—=—-— TDPEKE
FGHSRSQS————————————————— OSCPERIQTVM-KTISLLE-ESK=-=—=—=—-— ADYLNK
YTHSRSQS——===—=—————————— OTSPDQVLSVI-KTVSLLE-ETK-——=—=—-— ADYLRE
FSHSRSRS—=====———— = OSNAEQILTVL-KTVFLLD-EIK-—=—=—=—- LSSVSN
FTHSSSRN-———————————————— LSCPERVLSVL-KTISLLE-DTK=-==—=—-— SDYLSK
FTHSCSRN—-———————————————— OSCPEQVCSVL-KTISLLE-DTK-—=—=—=—- SDYLSK
FSHSRSRS————————————————— OSNPEQILTVL-KTVSLLD-EAS——=—=—=—-— SGTLSK
FSHSRSQS————————————————— ONSPEQMLTVL-KTISLLD-ESK=-—=—=—-— SDYLSK
VSHSSCQT————————————————— OSSPOOILTVL-KTVSLLD-ENV-==—=—— PDHLSK
CSHSQSQS————————————————— OSSPEKILTVL-KTVSLL-DDNL—-==—=—— SSYLSK
FSHSRCQI————————————————— OSSSEQILTVL-KTVSLLADENL-——=—=—-— SSYOSR
LSH RS RS S s s s s s s s s OGCSEQVLTVL-KTVSLLDENNV=-——=——— SSYLSK
LNHCRSHT-======—————————— OSPREQVLNTL-KTITLLDESDI—-—=—=—— SNYLNK
THOLSAMSA-—=——————————— DTDWTNDIFSSVI-TTIDRLGKFKD——=—=——- SSLFER
THOKKALSC-=—===—=——————— SGIWSKDMLYNVL-STLDPLSKVAE—-————- SKMLRE
VHCDKSLL-====———————————— TPPDERLKTLL-TANSQFEKVKD———=—=—— LSVILE
TOOKKAHG-=-=====—————————— LMAIDAVQTAL-STVSKLGKP-S—==—=—— INTLAN
TWOOIATGH--=====——————— O-RDSADRLHRLL-DTIKELDKHAG-=-——-— KAVLHO
LNCKKCPN-==———— e —— LLPSEAVDTAI-SALDQLDKIKD=-==—=—— SKVLQE
VHFRKIQT-==—————————————— LTAVGAVETAL-LVAGQLDKFSA-——=——— SKILEI
LHOKKCLT-===————————————— LPPSKRVINLL-TTLDQLGMFTE-——=——— G----C
LHOKKASL-===————————————— LTGADKLNNVL-TTFEQLDKFSS—=—=—=—— CRVFEE
MTORKALL-====———————————— LKPYERITSLL-KALDHLGKLPV-==—=—-— SHNLGS

MNQOKILT-===————————————— IELKEQVMTLL-TTFDPLAKLSN=———=——-— TPALTG

RYG70459.1
3734
3266
3311
3341
3286
3316
3336
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3339
3340
3337
3334
3337
3321
3326
3296
3336
3335
3293
3325
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3341
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3349
3364
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NLVAFKNSKLGLEDAIVORIYGDLLVLAKDMSARYPNARSPETSVGAL--DKYTRSVMLI

DATIETEYLKLE-—=———=——— SSLCVEISEAMKDMGNSWQED======—=—=—=—=— DKYIKSL
LDVSTMNHYLLO=-=====——— SEITEMAADIVKYNDVH-=-===—————————— AEKIQEL
SKPFISQHHVLL-===—=—=—=—— GKLLNKMAEIFATPEDGMLAL---SALSNDGNTKLNSLI
NAALLCDQHLLO=======—=— GEHLVTMATILONQVKDIDAL-===——— DOKLLEKITES
SARMLRDORILL—-======—=— GTTYDLMAGAADRSPFALETL—-==—=——— GEEKVQOKILOQL
HTRILRDONTLL-===—=——— GSSYCILADALNKEPTCLORI-===——— KEDQAERVIEH
ORHAFRDONTLL—-=======— GTTYYIMANALNKDPSCLOYI—-—==—=——— EEERAKNVKKL
NTKACRYONMLL—-=======— GDTYRIMADAVCKEPDCLYKI-==—==—— EDGKAGKVKDL
TTRIVRDONILL-—===—=——— GTTYHIMANALTRDGLALEHI -==—=——— GEDKAGKVLDL
TAONFRNOKLLL-===—=—=—— GTTYHIMASAVSRDPSVLEKI-==—=——— GPEKAGRVLKL
NTRALRDONILL—-=======— GTTYNITIANALNKTPTSLODI-==—=——— GEEKARKIQDL
NTREFRNONLLL—-=======— GTTYSITIANALCKDPRCLORI-====—— DKNKADKVLQL
NAITFRNONLLL-=======— GTTFHIMANALSKERSCLNQI-==—=——— GEEKARKVFML
NIMAFRNONLLL—-====—===— GTTYQIMANALSODPRCLEQI—==—=—=—— EKEKARKISLI
KVTAFRNONLLL—-=======— GTTYRIMADALSHDPRCLEQI-==—=——— EEEKARKVSVL
DRLAFRNONLLL-===—==—=—— GTTFHIMANALSKDPRCLEQI-==—=—=—— VEEKARKVLVL
NIVAFRNONLLL-====—==—— GTTYHILASALSKDPGCLEKI-==—=——- EEEKARKVVML
NIEILRNONLLL-=======— GTTYRIMAVALSKDPRCLVEL-===——— EEDKVRKVSML
NIVASRNOKLLL-======—— GTTYRIMANALSKEPASLEQI—==—=——— ERNKARKVMEL
NSLAFRNONILL-====—=—==— GITYNITIANALSNEPTCLAQI-—=———— EESKAKKVLEL
NILAFRDONILL—-===—=—=——— GTTYRIIANALSSEPACLAEI —=———-—— EEDKARRILEL
NIQASCDQSILL————————-— GTTCRIMADALSREPACLSDL——————-— EENKVNSILTL
EAGLGRRHFVLL—-——=————— GOAFGLLVKGVQSENCFSSL——————— SDKN-SEKIMGI
KPALGMRHMILE-=====——— SRTFDAVVTGLMSVGNLEEL——————— GDKT-CEKLQQY
NTTLMREHLLLR-====—==—— SRLLDMTSKILAESDASIL—-==——- DLLNEKKESLYQLA
DPVIALRHHILR-—==——=——— SRCFDILTDAIAGAGRSTLATYKLICLINQPVDKSYCPC
ORGLARENLLLK-======—— GRSIEAVAREVLTRPASLHTLP----- A-AT-REKLSLV
NASTGIRHHLLK-=====——- SRNLDAITNVLSIPGTW--DSL————— EKEAKEKLHGLC
EPLRGIQHHILR-=====——— SKTFDILCKAMLDGGVVIATLE—-———— SQAKN-ALVKLC
EPSYRKQHEILS—=====——— GRSCHLVAQTIQEAGDDIFDVI————— HLKCRKS————-
DLAVAKOHHTLT-===—=—=—— SLSYEIVAHALIQEGGAILTGL-—-=--- KDTRHAQLLTAA
DLFLLCDHRILT-===—==—— SKTYQSMASALQEEKGEMLTRL————— SDAGKLDKLLSK
DYCLTRHHHTLT-—==—=——— SKSYDLVATIAIQKGGADILTGL——-—-— RNVGKLDKLLGL
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

ARCHAEON
MUDCRAB
SCORPION
SPONGE
CAPITELLA
DANIO
MILIT
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS02
POMACEA
TRICHOPLAX
NEMATOSTELLA
PRIAPULA
SOFTCORAL
PISTILLATA
HEMICHOR
BELCHER
STRONG
STARFISH

EETATIEDMOREAITIVSLREKSYTCLARHSLOMLAKYKA—-————— NELD-GAAGKDLVSV
AEK-FPNAKDKSSWYKELLCCSYKSLKSAVNCGEEKFMQLNN--LYEGAHSHSKDIYMTL
TDT-F-SIQSKSKLEIDLFCKNYEYKCRAIDIIQEVEQK—-———- MIEFDOATIGETYFKF
GGT---PSTSTKAISEGLWIQALSSFNAGVRSGTTLNP——————— LTKDPVPTVQSLEEL
VGS---PALSHQEIVASLHEAAYNSFKSGVGVAASQPES—====———=——— VCVNKAYMSL

SQA-—-S--SIAQVVEGLQIQALELLRSAACKAEEEEQSFSQ---QHVNTHGIVEAYMTM
SGS---SSEEIQEVVIGLHRKTLHYLERAVRKAEEEVQSLAG---EHVDIAGVIEAYVNL
SGA---TSDNPVQVSIGLYRKAHEYLOSAVKKAEEEVQSLSE---EHVDTVGVIKAYMTL
S—————— ESPENVVGGLYRKSLHYFTNAVRKATEEEQSHST---DQIDVRGIIKAYMTL
LGT---TSDNLEQVVVGLHRKALQHLONAVKKAEEELOQSRST---EHIDIPGAIEAYMTL
SGA---SSSNPQQVTAGFHKRALGLMQSAVKKVEDEVQSRSA—---DHVDTAGAIEAHMTL
SGA---QOSDHPEQIVISLYRKALSYLOTAAKKAEEQVQSRST---EHIDVAGVIEAYMTL
SGT---MSENPDEVAASLFKKSFHYLDSAVKKAEEEVQSRAM---ENVDTTGVIKAYMTL
SEE-—-RSDNVEKVIAGLNKRAFLCFSGAVKKAEEEVQSMSF---DHIDISGIIDAYMTL
SGE—---SLENPKKVLAGLNKKAFQCFSCAVRKTEEEVQSSSV—---DHVDMVGVVDAYLTL
SGE---SLESPEKVLAGLNKRAFQCFSSAVRKSEEEVQSHSM—---EHVDVAGVIDSYMTL
SGE-—--KTDDIGKVIAGLNTRAFQCFSSAVRKAEEEIQSLSF---DHINTKSIIDAYMIL
SGE---RPENSEKVIAGLNKKAFQYFSTAVRKAEEEVQSHSM---EHVDLTGVIDAYMIL
SGE---KPDSPEKVIASLNKQAFQYFSNAVRKAEEEMOSRTM---EHVNLTGVIDAYLTL
SGA---SFDNVQKVIAGLHRRAFQYLTHAVRKAEEEEQSHSS---EHVDTGGVIDTYMTL
SGA---SSEDAEMVIGGLHKKAFECLFKAARRAEDEVQSHTT---EHVDIAGVIDAYMTL
SGS——-SSEDSEKVIAGLYQRAFQHLSEAVQAAEEEAQPPSW—---SCGPAAGVIDAYMTL
SGS---NAENTETVITGLYQORAFHHLSKAVQSAEEETQLSCW---GHEAAAERAHAYMTL

SKA-—--SKLNPRELARCLVEEGYNQMRKSLSYDGRG————————-— TRTCRYGLEEAYLAL
TK----SPLNKGDLIKELIHHGYESLRKVISEVPEDS—==—=—=—=—— SRDAVCLQOODVQLAL
NVN---QHDSKEKIAAKLTSHACOALHQAV—-=———— KAS————- KEERGGSSYIEAMMMM
NVC-—-LQ————- IVSQLITRSFTSLQEANKAAKQAATS————— SSDGSTTCMVEAMMAM
AGA---REHDHTALVSGLISAGFRELREAVDVGDEEESSASL——————— ASSPSAAHVAM
SSK---NPEQLDKILGHLTTKSFTTLORAIKIAQTNENN----QKNAESVRNLVTSSMTM
RID---ETESQKKVVSDLMTRSFVSLQSATKAAKNAEGK—-——-— CNTTQTSGTVDAMIAM
—-L---RSLIEALIVNGLONKAHEYFKKGVKLASDEEDA——=———— IDMDREGVIDAYVSM

GVS—---PDTSVDQTISSLLOKGHACLOQKAVKLASDEEKA---RQDTSLDKSGIVDAFMAM
AEC---QESKPEKVCQSLFMKSKKYLDDAVGTIKLDPASHSLSSSAKREEQSMAKAHMAL
VGQ---NATRPEQICSTLYSKAYSELKQAVSLADKDDA-————— VTSQSERSMTEAYMAL
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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TARCOQVLFDRAGVFAASN-=————————— VAPEMLAHIVIESMIKGLSLOSSFCMERVL
AKYCEDCLEKWKESID-=-=====————————— VSDYADSLVMSVLRAMSLGSREAHFHEFP
ANYCNKILRMOEEEEKTLS—=====—===—= LSFETYPSVLTNSLLNALKNGNLNAIKLFP
FGFCDNALRQEDHDDEQST—————————— GLDTKSFPSIIINHTLTAMSLGSSKARELFP
VHFCDQVLRORENDEISGT-======—— KCESEEDFPLALVTSLLSAMKNSSKDARQLFP
ANFCDRRLRESEQKEEATl —=——=—=————— SSKLOSLPEHVVKMMLKALKLSSEEARLKFP
ANFCDRCLREKEESATAIN-—-===——=——— FSEQQTFPACVVEKILKAMKYNSKEARLKEFP
ANFCDRCLREEEESENINN-=-===—=—=——— FPELQTYPASVVENMLKALQYNSREARLRFP
VDFCDSHLRKVEEESAVMD=——===——=——— RADYONFPEIMVEKMIKALKLNSSEARLKEP
VNFCDKRLREEEESAEVST———==—=———— FSELPTFPAVVVDTMLKALKLNSKEARLKEFP
ANFCDKRLREEEENDQVSE-——===—=—=——— FSELPTFPAIVVEQVLKALKLNSSEARLKFP
VDFCDKRLREVEESAEVSH-——==——=——— FSELQTFPAVVVENLLRALKLNSREARLKFP
VDFCDTHLLKKEDTTAVID=-——==——=——— HSHLOQFPTIVVEKMIKSLKLNSKDARLKEP
ANFCDSHLRKEEQNSADVN=-====——=——— NEDLQIFPAIVVEKVIKALKLNSNEARLKEP
ISFCDOQYLRREEEGLLEIN=-====——=——— TVDLOQFPATIVVEKMIKALKLNSREARLRFP
VGFCDOHLRREEEGLLEIN=-====—=—=——— TADLOLFPAIVVEKMIKALKLNSREARLRFP
ANFCDTHLRKKEEGSADIN-=-===——=——— AVDLOMFPAIVVEKVIKALKLDSKEARLKFP
VDFCDKHLRKEEEGSSDVS—====——=——— ALDLOTFPAIVVEKMIKALKLNSRDARLKFEFP
VDFCDKHLHKEREGLSDIS—====—=—=——— AVDLOTFPTIVVEKMIKALKLNSREARLKFEFP
VDFCDKHLRNEEEGTSVID=-====—=—=——— AVVLOAYPALVVEKMMKALKLNSREARLKFP
VDFCDRHLRKEEESTSVIH-——=—————— TVELQTYPALVVDKMLKALKLNSKEARLKEFP
ADFCDQOLRKEEENASVID-—==——=—=——— SAELOAYPALVVEKMLKALKLNSNEARLKEFP
VGFCDQQLRKVEESASQKT—————————— SAEMEAYPALVVEKMLRALKLNSSEARLKFP
AQYCNKFLRMAEDDTDKESLNLS——=——— KECOKNFPETITVCLLNAMKLDSMEARQREP
AKYCDKYLRLAEENDGL=-===-VA-——=——— SESMEVFPATAVKCLLDAMRAGSAEALERFP
VNFCDDILRHEEDGRANQ—-———- PKGL---IDTKIFPEVIIRYTLEAMAYNSMDARQRFP
VPFCDRALRRKEDESDGPSFIISPFGLHYEFVFORFPEFVVRYVLKAMEHGSEEARNREFP
ASYCDYFLRVREDDGTTV=====——————— LPTDGYAETVITSLLRAMALGSSEARDSFP
ANFCDRLLRMKEEDSEQTP-——===—=—=——— RLDMKLFPGIVIRFVLKSMAFESAEARQKEP
VNFCDNCLRKKEVSVAPVE-———=——————— VDTKLFPGIVVRYMLKSMCYSSKEARQKFP
ATFCDKMLKQQEQNEDGAV———————— SRSSKSPSFPRSVVFHLLKALKLNSVEAIQREP
VGFCDKILRHQEDDEEGTE-————————— LSSIPGLAAAVVSNLLOALRHDSPEARQREP
VSFCDQLLRQODDDDCNPD-====—==—— YLPLMEAYPSTVVNSTLOAMNLNSPEARQHFP
VSFCDRMLRLKESDEVPMT -—==—=—=—=—— YLPOQTDNFSQTVVHYTLKAMHYSSQEARQREP
*s % . .
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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VLFNLITEHTQHVSGQVTFGRSRSGYLEQLLOQIPAWCYLRFSAQLMGSLDLSCGDVVYPI

RVINLMSDDSS-========= LVATFKKEAKKVPVWMFLLWISHILIYVDKLSGEALQPT
RLLOITEVYPD-—==—=—=—=——=— TIPEFIAKSKVVPCWMFLSWINQLLTLLDKPEATAVQYTI
RLLOLVEAHPD-—===—=—=—=——— TMDLMINKSSTIPCWMFIGWINOMIALVDKPESRAVHDI
RLLOITERFPO-—==—=—=—=——— TREVFIRKSRDIPAWMFLGWVSQICAILDKPESSAIHEI
RLLOLVEVYPAE—==—=—=—=——— TLDLMVREVVSVPCWLLIGWISQOMMALLDKPQATAVQHV
RLLOIVKLYSAE—-=====——=— TLDLMKKEVSSVPCWOF IGWINOMMAELDKKEAVVVQHI
RLLOIVELYPVE-==—=—=—=——— TODVMTRGVSTIPCWOF IGWINOMMASTLDKKEACVIQPI
RMLOITEQYPSE-===—=—=——— TLDLMARENCTVPCWQF IGWISOMMAMLDKKESTIAVQHT
RLLOITELYPAE—-==—=—=—=——-— TLDLMAKEVSSVPCWOLIGWISOMMALLDKEEAVAVQHV
RLLOIVELYSAE-==—=—=—=——=— TLDLMIKEMSSVPCWOLIGWISOMMALLDKKEAVAVQHV
RLLOIVELYPAE-===—=—=——— TLDLMAKMGGSVPCWQF IGWISOMMALLDKKEAVAVQHT
RLLOIVELYPAE-==—=—=—=——— TLDLMTREVSSVPCWQF IGWISOMMAMLDKKEAVAVQHT
RLLOIVEKYPEK-===—=—=——— ILRLMAQEISSVPCWQFIGWISQLMAMLDKNEAPAVQHT
RLLOITERYPAE—-==—=—=—=——— TLGLVTQELSSVPCWQF IGWISOMMALLDKDEAVAVQHT
RLLOITERYPAE—-==—=—=—=——-— TLGLVTRELSSVPCWQF IGWISOMMALLDKDEATAVQHT
RLLOIVEKYPTE-===—==——— TLGLMAQEISSVPCWQFIGWISQLMAMLDKEEALAVQYT
RLLOITERYPAE-==—=—=—=——— TLGLMAREISSVPCWQFIGWISQLMAVLDKEEAVAVQHT
RLLOITERYPAE—-==—=—=———-— TLSLMAQEISTVPCWQF IGWISOMMAVLDKDEAVAVHHT
RLLOITERYPEE-==—=—=—=——— TLDLMTQEISSIPCWQFIGWISOMMAVLDKEEAVAVQHT
RLLOILERYPEE-==—=—=—=——— TLNLMIKEMSSIPCWQFIGWISOMMALLDKEEAVAVQHT
RLLOITERYPEE—==—————— TLSLMTKEISSVPCWQFISWISHMVALLDKDQAVAVQOHS
RLLOITEQYSEE-=====——— TLNIMTKEISSIPCWQF IGWISHMMALLDKEEATAVQHT
RLLOLVEMYPE-—==—=—=—=——— IRSTFVEKSGQVPCWMFIMWISOMMALLDKPEGSTVHHI
RLLHITEHYPD-—==—=—==——-— TTDMFLKKSETIPSWMFILWISOMMALLDKHQAHAVRPI
RLLOIVERNPN-—==—————— TIDGFMRKSSAIPSWMFIGWISOMMAILDKPEARAVQET
RLLOIVELYPH-—==—=—==——-— TLDSFVKKVETVPCWMFIGWINOMVALMDKKEARAVHGI
RLLOLVDLYPD-=======—=— TLPLLTSKVESVPCWMFIGWISOMVALLDKREARAVOGI
RLLOLVELYPGG—=====——— DIEAFKRKSSDVPCWMFIGWISOMVALLDKRESHAVQOGI
RLLOIVHKYPD-—===——==——=— TLEAFVKKAADVPCWMFIGWINOMMAITIDKPEGKAVHGI
RLLOIVETYTD-=======—— TMDTFVELTSETPCWMFLGWIGOMLALLDKVESISVOGI
RLLOLVEIYPD-—===—=—=——=— TMDLFIEKVSHVPSWLCISWLGOMVALLDKPEAVAVHGI
RLLOLVEKYPD-===—=—=—=——— TMOSLVKKASIIPSWMFIGWISOMVALLDKPESLAVOGI
RLLOLVEACPD-======——-— TMOLMIKEVSDVPCWMFIGWISOMVALLDKPEGPAVHGI
..... * % o o .. . % .
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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VLHIAKTYPHALHYSFRITCEVNS—=——- SISLNKAKYSQLHSLLAN----KSIDDFVEA
VEKLALEYPOQAIVYPFRISMKQYDFTGS-VGKAAQSMCORVESSLCKN---SLFHHFVTA
IKEIGTNFPNALVYPFKLSYEMYKFPDTLOGKENKEFVMKLKSSLSQL---KLVDEFVNA
LIRIADTYPOSLYYAFRMSSSGYKFGHNNS--EGKELFEKLKEKLQS----QLMDEFIAA
LLNIADIYPNALVFPFKLSNHNYKFTSDAVSSKSKSVCDRLHOMLSKN---PLIDRLIFS
IEEIAECYPOALIYPYMISSENYTFEESASGORNREFVEKLESLLDKG---GVIQGFVDA
IEEIADSYPOAIVYPLMISSESYTFEQTARGNTNKEFVERLKNKLDKG---GMVEVFINS
IEKIADSYPOAIVYPFKISSENYTFEPSANGNKNKEFVERLKTKLDKG---GVVESFIHS
IEEIAENYPOALVYPFMVSGESYNFEDTVVGHKNREYVNRIKSKLDKD---NVAQDFIRA
IKEIAEYYPOATILYPFMISSENYVFEDSATGHRNKEFVARLKSQLDKG—---GVVKNFIDA
IQGLAESYPOAVVYPFMISSETYQFEDSATGHRNKEFVTRLKDQLDKG---GVVKDFVEA
VEKIAESYPOAIVYNFMISSESYSFEESPKGKKNKEFVARLKSELDKG---AVVEDFIHA
IEDIADAYPEALVYPFMISSENYSFEDTATGHKNREFMLRIKSKLDKG---GMVODFIQS
VEEIASSYPOAIVYPFMISSESFSFPETAIGHKNKEFVKRVKSKLYEG---GVIQDFAHS
VEEIANTYPOQALVYPFMISSESYCFKDTAAGCKNKEFVERIKNKLDRG---GVVQDFVHS
VEEIANTYPOQAIIYPFMISSESYSFKDTVTGCKNKEFVERIKKKLDRG---GVVQDFVHS
VEEIANSYPOAIVYPFMISSESFSFODTITIGHKNKEFVARVKSKLDRE---GVVQEFVQA
VEEIANSYPOAIVYPFLISSENYSFKDTATGHKNKEFVARIKSKLDRG---GVIQDFVHA
VEEIAHNYPOAIIFPFMISSENYSFKDTATGHKNKEFVTRIKSKLDRG---GVIQDFVQA
IEEIADNYPOAIVYPFMISSENYSFKDTSAGHKNKEFVTRIKSKLDKG---GVVQODFIQA
VAEIADNYPOAIVYPFMISSENYSFKDTSAGHKKKEFVLRIKSKLDQG---GVVODFINA
VEEITDNYPOAIVYPFIISSESYSFKDTSTGHKNKEFVARIKSKLDOG---GVIQODFINA
VEEIADNYPOAIIYPFIISSESYSFKNTSSGHNNKAFVERIKSKLDHG---EVIHSFINA

LTELAETYPOAVVYPFKLSSEGYKFTNKKD----EAFVTKLGSTLGDE-QLPLVPKFISA
ILRIATEYPOAIVYPFHISQESFTFGSTAEDRRNKOGIEELDALLSEE-RVPLVRTFISA
LFRIADEYPOATIIYAFKVSNEQYTFEETSVGRONKTAVSKLSSKLQL----PLIESFVRA
VTEIARNYPOALCYAFKVSSEQFVFDSSPEGNTNRKAVERIRKLLES----PLMDSFIAA
LLSIAESYPOALIYPLNLSREHYTFTVDAAGAEAEAYLHRLLATLSTCMDMSQLOQLVAS
LODLAKHYPOALLYPLKISAEQFKFGGSIEEQKNKKFVESLNESLSF----PASDDLIQA
VSEIAKRYPOALWYPFKISSEHFVFENSEDGKANEEAVKRLRSSLEH----PLLDDFIAA

LLEIANNYPOALVYPFKVSSENFSFENTVTGKRNKEKVSQLAAILDNV---PLVMHFICA
LTRIAQEYPOALVYPLKISSENFEFEDSVTGRRNQEAVTSLKKTLSVIY--SLVDKLIGG
LKAIAKDYPOALVYPFKISSEDFKLGDKSKEKQRKDAVKEIEDILSTV---PLVENLTLA
LTDIAYEYPOALCFPFKISSESFTFDESNTGRKNASAARKIGAILESI---PLLDDFICA

: H HE S HH : * : .
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”

ARCHAEON
MUDCRAB
SCORPION
SPONGE
CAPITELLA
DANIO
MILIT
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS02
POMACEA
TRICHOPLAX
NEMATOSTELLA
PRIAPULA
SOFTCORAL
PISTILLATA
HEMICHOR
BELCHER
STRONG
STARFISH

LLACSHPELRFSDAVKSIDSLLAKNTN-TNLTSAVKOQQOVLNLLDEVYTFCLSQ=-=—==—~
MSLIVVPENTLKKSFKKILLIK-—====—=—=———— NKEDIEVALNNLVADHLKVNNRSTRG
LDSLSVPELLYKEYFKEILOMKKD—==——=——— KGDKNEIVKLYKKLCHELFNYNPRDKMK
LEQLNSPELAWKDWYDNELKPLVGS---VTVPKRDKNATIKRVWEQMYSQLLETRSGLGDK
LEMMHEPAVITIKDWIMDMKNAKGPGG---SSQSLSMAYVKERYQELYKELLCIESEDGSL

LOOLSNPEMLFKDWWDEVKNQLDKP—-———=——— NLDKKKMKLQY--MTELLGDA--—=——~—
LEQLSNPDMLFKDWVDNFRSKLEKK=-=——=—=—~— E-NKTOQLKNLYSEMYSNLANA—-=———=——
LEQFSNPDLLFKDWANDFKTELEKK-=—=——~— VKDKKLLKNMYDEMYSNLASL—=—=—=——
LEQLSNPPMIFODWWEDVSNELSKP—-———=——— NVNKNKIKELYKEMYTNLGNP-———=——-
LOOLTNPEMLFKDWVEDVKKELEKP-—————— KTDKKLLKNMYEEMYSALGNP-=———=-—
LOOLSNPEMLFKDWLEDARNTLSKP-———=——— KTDKKDAKKMYEEIISVLGNA-=———=——
LEQLTNSDMIFKDWVDDVRNELDKP—-—-——=——— ORNKANLKRMYEEMYANLGNL—-=—=——=—-—
LEQLSNPDMIFKDWIEDMKNELAKS —=——=——— ORNKNNIKKLYEEMYMNLGNL-=———=—-—
LEQLSNPAMLFKDWIGDVONELGKT-=—=——~— KKNTNNIQOLYDGMYONLGNL—-==—=——
LEQLSNPVMIFKDWAEDVRNELSKP-———=——— ORNKKKLKEMYERMYKNLGNL—-==—=—=—
LEQLSNPMMLFKDWTEDVRNELVKT-=——=——— ORNKNKLODMYERMYRNLGNL—-==—=——
LEQLSNPVMLFKDWTDDMKNELGKT-=—=——~— KRNKENILKLYDGMYONLGNV—-=—=——=—=—
LEQLSNPVMLFKDWVEDVKNELGKT-=—=——~— ORNKNNLKEMYEGMYRNLGDL—-==—=-—
LEQLSNPEMLFKDWVDAVRNELGKA-=-——=——— OKNKAKLKEMYEGMYGNLGNL—-==—==—-—
LEQLSNPEMLFKDWVEDIKIELTKT-=—=——- PINKNNLKRMYEGMYKTLGNL=-===—=——
LEQLSNPELLFKDWVDDVRGILMQT-———=——~— PVNKKKLEKMYEEMYAILGTL-==———-
LDOLSNPELLFKDWSNDVRAELAKT————=——— PVNKKNIEKMYERMYAALGDP-—=———-
LDOLSNPDLLFKDWVSDTKDELGKN==——=——~— PVNKKNIEKLYERMYAALGDL-===——-
LEHMSOPDOIFKDWFDDTRLKFMKN==——=——— KPDKKAMKEEYQIMYKKVLEFTETVGRG
LEQFSQPVOMFODWSRDITKILE-K==—==—=—— RP-AAEIKKKYKEIYDMLLEMPHKGEQS
LEQLSQPDLVFKDWVDEVKGL-==-K-===—=——— KKSGSTAESIRICYQKLRDGLLVDASN
LEQLHNPEMAFKDWCDGEIKQLLOT—==—==——-— KNKKATIKEAFRSIYKQLFDSSVNRATD
LEQLSSPHMLFSDFVADARPLLMTR-====—==—=—— RADFPARFRKIYASLFDTTRRSQEE
LEQLTNPEMVFKDWMDEVKVLLS - ===—===— TKGNAVKIRESYGEMSKKLLNVKKR—-—---
LEMLTNPEMVFRDWCEGPMKQLLED----QTIKRNDSQAVKQOCFGAMFQLLMDCRKRTKS -
LEQLTNPEHICKDFTDDVLVPALRAR-——=—=—— NPTAVKKAVEGLYTRVFDSKRQSSQD
LEQLSHPDQLFKDWGDDADLKRLLKVDPKKRTKEDKVTIKRLYDEMYDSLLDFRSASQDS
LORLTHPGFIFKDWISVIN-SKM—-———=-— NSKERDHPAIKQEYQQLYQQLFES—=—=——=——
LEQLNNPEFVFKDWADDVMKPLL—-———=—-— NVAKRDKNKIROACHEIYMNLINHRSTVTDT
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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MAG-——————— EKGEVFCKVGKLKKDVNVALTK-==—===— EFGGKMEEFKRMPV-EEIKK
——————————————————— ERKLHLKVAKVCGSVVF---SEFGKDGNKLISMPL-KEASV
-———-SLY—————- GGSPSLOKGARQKTFAQAYAKNIE---DKFGKGGAKIISMSG-TQLAS

——————————— YSDSADCSMGPYRSDFVKQFISQFD---EYFGKMGSKIPGLTF-MKVLS
——————————————— KSPRFGSYRRKFIQKFSKEVE---KLLGAGGSKLYERRKDKDFLQ
——————————————— GAPGIGAFRRRFVTGFKKKID---QHFGKDGLLLLNMN-LKAFNV
——————————————— QFPGIGAFRTRYVQVFKKAFD---QYYGKEGSRLLDMN-IKIFDE
——————————————— KDHFMGAFRRRFCEKYTKDFD---KAFGPEGSKLLNIK-CDGFNK
——————————————— RCOGIGAFRKKFAQHFSKEFD---KTFGKGGAKLFDMK-HDAFRK
——————————————— KAAGIGRFRKKFVETYAKRIEEIVKELGKDGSKLWDKR-KD—-—---
——————————————— RAPGLGSFRSNFVKAYGKEFE---RVYGKRGEKLLDMK-SSDFFK
——————————————— KAPGIGEFRRRFVQAHAKDLD---THFGKGGSKLVDMK-EDAFAK
——————————————— EAPGLGWYRKQFIKEFGKELD---IHFGKGGSKLLGMN-ASVFIK
——————————————— ESPGLGMMRKRFIQAFGKDLD---HHFGRGGSELLNMK-TSDFDA
——————————————— EAPGLGLLRRRFIQAFGKDFD---HQFGKRGSKLLNMK-ASDFDA
——————————————— HASGLGLFRKRFIEKFGKEFD---SHFGKRGSKLLDMK-ASGFNT
——————————————— OAPGLGLFRKRFVQTFGKDFS—---SHFGKGGSKLLDMK-ADDFNR
——————————————— OASGLGLFRRRFIQAYGKEFD---TQFGKGGSKLLDMK-DNEFIK
——————————————— KAPGLGAFRKRFIQAFGNEFD---HHFGKGGSKLLOMK~-LSDFTS
——————————————— EVPGIGAFRKKFIQTYGKEFD---RHFGKRGSKLLVMK-LSDFNN
——————————————— KAPGLGAFRRKFIQTFGKEFD---KHFGKGGSKLLRMK-LSDFND
——————————————— RAPGLGPFRRRFIQAFGKEFV---KSFGNGGSKLLTMK-VDDFCK
ASQ----RSQTEETLSMVDKGKYPKKFAERFKKDVD---SCFGKNGEKILDMSF-SKLAG

GTQ-————- AQQTSFGAVSMGEFHRRFAEVFKNEFD---NHFGVDGSKLVTMTA-KEFSG
ESE----AASSLTSGELIEFGSHKRRFIQHFGKVIE---QYFGKDGSKLQOSMKA-SDFEK
SSQ-——————————- PAAEEMGPFRKKFSKEHASRFE---NIFGKDGEKLVNMSL-KTAK-

———————————————— PGGRGRYWSVFTRTWAREVE---EKCGRDGSKLLAMAA-ADANQ
——————————— GTNSDGLEFGSIRRKFAQEFSGNVV---KVCGEDGSKIIDMSI-KAFES
——————————— GSQTRGTESGPFRTKFAQEFANEVQ—-—--RIFGKEGEKLVGVKM-TDFSK
——-SLF-SEDSDAVTQSLPFGPFQKKFASDFVKPFQ—---KRFGERGCKILSMQHQKEFMN
SMSSLFGSQSSDLESQSVGFGPFRRRFAQQFAKECE—---KMFGKDGSRILDMKE-KEFMK
GGR----QGGPSSSSQTVEPGPYWKKFGREWQKRFD---SSFGODGSKLAAMDY-KTWSK
GAG----SSODSQOSSPSVGFGNFRRRFAQEWQKKFE-—--AAFGKDGTKVIDMQL-KTFSE

*
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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LRDATONS—======—=———— MKHTSGRVSVAEFSEWLGDFDSTTL--HILIPEQYTIVHA
RLNSIRTVV—-==—————— NORRKENAPNQLKAYSPWLANFQASKHSDVLEIPGQYSGVSK
KYETLLKKITT-—==——=——— MSEMNKEAKLRDFSDWLSEFHSTIKYSEDIEIPGQYTGKRK
AFNEVYNKMRES—=—=—=——— LNKFSSSALLKDYSPWLDTFROEDYLOQVIEVPGLYDGRSK
WLSDKSEKV—==—=—=——=—— KKAFSNKQPRKLKEYSQWLAEFQAGNHEASLEIPGQYTGEVC
QVDRMVQOSM—=====————— RGFQKEPGNMKEYSPWLSSFKAETLKNELEVPGQYDGKSK
AVGOIMET-=====——————— QKPEPPGNLKEYSPWMSNFKPQFLGNELETIPGQYDGKCK
ATKKILETV-==——————— CKKQQAPPGNLKEYSPWMSEFKPEYLRNDLEIPGQYDGKSK
TVGPLITKM-===——————— KEQQKEPGNLKEYSPWMSEFKPEFLRNELEIPGQYSGRSK
ASDSLWGSISEE-——————- OKKEKEPGNLKEYSPWMSNFKPEVLRNELEIPGQYDGKCK
--EKFWOKLTTS———-- IRSMDSIALPGNLKEYSSWLSNFRPETLRNELEVPGQYDGRSK
VSDOLLTSM=-========—= RKFOQREPGNLKEYSPWMSQFKPEFLRNELEIPGQYDGKSK
TAYSLFNNM-===—=—————— RGSQPEPGNLKEYSPWMSNFKPEFLRHELEIPGQOYNGRSK
VANSLSEKM-=-===—=—=—=——= KKCEKEPGNLKECSPWMSEFKPEFLRTELEIPGQOYDGKGK
IANSLHSKM—-=====—=—=——— IKTHKEPGNLKECSPWMSEFKAEFLRSELEVPGQYDGKGK
ITSALLSKM—-==—===————— TKSHKEPGNLKECSPWMSEFKAEFLRNEIEVPGQYDGKGK
IADSLLLKM=-======—=——— KECHQEPGNLKECSPWMSEFKPEFLKHELEIPGQYDGKGK
IAFSLLSKM—-==—===—=———— KD-QKEPGNLKECSPWMSDFKAEFMRNELEIPGQYDGKSK
IVNALLAKM—-==—==————— RDGOKEPGNLKEYSPWLSEFKAEFWRNELEIPGQOYDGKGK
ITNSLNSKM—-=====————— KESSKPPGNLKECSPWLSDFRVEFLRSELETIPGQYDGKGK
ITTTLLNKM-==———————— REDSKPPGNLKECSPWMSNFKVEFLRNELEVPGQYDGRGK
ITNMLLLKM-==——=—————— NKDSKPPGNLKECSPWMSDFKVEFLRNELEIPGQYDGRGK
ITGSLLVRM—==—=—————— KKDSKLPGNLKEYSPWMSEFKAQFLKNELEIPGQYDGKSK
AYKKVYKDM=-—=—=——— DFEVKEKNLKPPANLKDYCOWLANFNPSIQGKDLEIPGQYDGVKK
ILRNLO--A-=———— QOFEKHKADLTPPTNIGKYCSWMANFNPNHESRELETIPGQYDGLRK
IASRLIQEI—-====—=—=——— SGKIKNRPENLKEYCPWLSNFQAANFTYSIEVPGQYTGRSK
———=L——-Ke——————— OOMVSKPPGNLKEYSPWLTNFOADSHAQKLEVPGQYTGQSK
VLSALG-=-===—- KEMK---TKAADSPGNLKEYSTWLTDFHSSPATCQIEIPGQYRGRSK
AMKTTNEKM=-=—==——=————— KAKKFVGNLKDYSPWLANFQTQSETIQLEIPGQYSGQSK
WCRDIQQOKMVKF—=—=—=——— RNRTPPPGNLKEYSPWLSRFOSNNFTHTLEIPGOYKGKTK
FRNEVDOQLMR-====—=——=—=— KKKMSAPGNLREYSPWLSDFQPINYEKELEIPGOYKGRSK
LKSGLONMMGDFYRKAFPREKANCYAPGLLKDYCPWLSDFNPLDYDRELETIPGQYTGKVK
LRODI-====—- CAKMTP----GKDDPGNLKEYSPWFTAFQTLR-GDELETPGQYDGSKK
HYGKL-=-—==—-—- YKEMAAK---RRDPPGNLKEYSTWFSDFQQLSYDRELEIPGQYGGKSK
. *e % s ik %
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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-TPREPEVINTIAGELLVMESIRKPKRLSLVSNTGVGYRFLVKGGEDLRNDERIEQLFGL
PLPEYHVNISSFDENVMPMOSLRVPLRIVIRGSDEKDHKYLVKWGEDLRTDORMOQOVEFTL
PIPEHHVKICNFDOQKVDILSSLTKPRCLTIRGNDQKDYKFLVKSGEDLRODSRIEQLFDV
PLPEYHAKITRFDAKVLILSSLRKPKRLTIIGDDTREYMFLVKGGEDLRLDORIEQLFET
PLPEYHAKISSFDSQVTVLRSLRMPKSIVIRGNDEKEYKFLVKGGEDLRODORVQOQVENL
PLPEYHAKITGFDERVKVMTSIRRPKRIITRGDDERDYPFLVKGGEDLRODORIEQLFGV
PLPEYHAKITGFDERVKVMSSIRKPKRLITIRGNDEKEYPFLVKGGEDLRODORIEQLFEV
PMPEYHAQITGFDERIKVMSSIRKPKRLITRGNDEKEYPFLVKGGEDLRODORIEQLFDI
PMPEYHVKISGFDERVSVMASIRKPKRIIVRGNDEREYPFLVKGGEDLRODORIEQLFET
PLPEYHARITGFDERIKVMSSMRKPKRLIMRGNDEREYPFLVKGGEDLRODORIEQLFDV
PLPEYHVKITGFDERVQSLRSIRKPKRLITRGSDERDYPFLVKGGEDLRODORIEQLFGV
PMPEYHAKITGFDERIKVMASTIRKPKRLITIQOGNDEREHPFLVKGGEDLRODORIEQLFEV
PLPEYHVKISGFNERVKVMSSIRKPKRIIILGNDEKEYPFLVKGGEDLRODORIQQLFDV
PLPEYHAKISGFDERIKVMQOSMRKPKRIVIRGNDEREYPFLVKGGEDLRODORIEQLFEV
PLPEYHAKISGFDERISVMESLRKPKRITIRGSDEREYPFLVKGGEDLRODORIEQLFDV
PLPEYHVRISGFDERIKVMESMRKPKRITIRGSDEQEYPFLVKGGEDLRODORIEQLFDV
PLPEYHAKIAGFDERIKVMLSIRKPKRIITRGSDEREYPFLVKGGEDLRODORIEQLFDV
PLPEYHAKISGFDERIKVMESTIRKPKRINIRGSDEREHPFLVKGGEDLRODORIEELFDV
PLPEYHAKISGFDERIKVMESLRKPKRIITRGSDEREYPFLVKGGEDLRODORIEQLFDV
PLPEYHAKITGFDERVKVMASIRKPKRIITRGHDEREYPFLVKGGEDLRODORIEQLLDI
PLPEYHAKITGFDERVKVMASTIRKPKRITIRGNDEKEYPFLVKGGEDLRODORIEQLFEV
PLPEYHVRIAGFDERVTVMASLRRPKRIITRGHDEREHPFLVKGGEDLRODORVEQLFQV
PLPEYHVRISGFDERVKVMLSLRKPKRIVIRGHDEKEYPFLVKGGEDLRODORIEQIFEV
PMPEYHIKVVGFDQRVKVMTSIRKPKRITIRGNDEREYHYLVKGGEDLRODORIEQLFFL
PMPEYHVKVAGFDERVLVMSSLRRPKRITIRGNDEKDYHYLVKGGEDLRODORIEQLFVL
PLPEYHLKIASFGERLLVLKSIRKPLRLTVQOGDDEKEYLFLVKCGEDLRLDORIEQLFCV
PMPEYHVNIAGFDEKVLVLASTRKPKRVTIRGDDERDHMFLVKGGEDIRLDORIEQLFCM
PMPEYHVKIAGFDEKVLVMKSLRLPKRITIRGHDENEYMFLVKGGEDLRODORLEQLFDI
PLPEYHVKVAGFGEKVKAMSSLRAPKRITILGNDEREHTFLVKGGEDLRLDORIQQLFGL
PLPEYHVKIVGFDEKVQVLPSIRKPKCLITRGDDEKDHMFLVKGGEDLRLDORIEQLFGL
PLLEYHVKIAGFDEKVKVMSSLRKPKRLTIRGNDEKEHNFLVKGGEDLRLDORIEQLFGI
PLMQYHAKTAGFDQRVKVMSSLRKPKRVTIRGDDERDHPFLVKGGEDLRODORIQQLFDI
PLPAYHVKIAGFDETVLTLSSLRKPKCITIRGNDEMDYPFLVKVGEDLRMDORIEQLFCI
PLPEYHVKIAGFDEQVKVLSSMRKPKRIVIRGNDEHDYSFLVKGGEDLRLDORVEQLFRI

. . . s * * . . H ekkk dkxkkok Kk koo

RYG70459.1
4208
3716
3756
3809
3747
3764
3785
3779
3787
3795
3792
3786
3789
3773
3778
3748
3788
3786
3745
3777
3782
3770
3770
3763
3766
3775
3762
3793
3788
3814
3799
3845
3816
3835

83



Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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MNQIVRKHERYSVEQDIVFNQALDFSQPVPRYLLPEPATRPTLOADTGVKALEAL--RAR

MNSVYSSSPLCA- === == e e e e e e HTSFHPSLD
MNDIYQCNAICF —————— e e ONKL--KLE
MNKVLSDDPICS—————————— e ORRL--NLR
MNEIYANDANCH-——— == = — e e e e ARRL--QLK
MNMILSQDTACS —————— — e e - ORSL--ALR
MNIILSRDAACS ————————— e ORSL--QLK
MNIILSRDAACS ————————— e ORNL--QLK
MNITLSQDAACS—————— e e - ORHM--QLK
MNIILSRDATCS—————————— e ORNL--QLK
MNITLSQDAACS—————— e - ORNL--GLR
MNITLSQDAACS—————— e e ORNL--QLK
MNITLSQDAACS—————— e e - ORNM--QIK
MNNILSRDAACS ———————— e ORNM--QIK
MNIILSQDATCS——————————— ORNM--QLK
MNITLSQDAACS—————— e e ORNM--QLK
MNTVLLODAACS ——— === — e e e e - ORSM--QLK
MNITLSQDAACS—————— e e - ORNM--QIK
MNIILSQDASCS——————————— ORNM--QIK
MNITLSQDAACS—————— e e - ORNM--QLK
MNITLSQDAACS—————— e e e ORNM--QLK
MNGILAQDSACS—————————m e ORAL--QLR
MNATLSQDAACS —————— e e - ORNM--QLR
MNQALESDPACK-——————— e ORNL--KIK
MNKVLEKDPVCK === — == = — e e e e e e ARRL--VLK
MNEILAQDSICS—————— e e Q0DL--RLR
MNEVMSEDPACS—————————— e ORNL--RLR
MNRSLDADAACR————————— ORAL--RLR
MNDVMRDDAACH- === === = e e e e ORNL--SLK
MNDIMANDSACS ————————— e ORGL--RLR
MNDILALDAACS————————— ORSL--KLV
MNDILTLDPACS——————— e e e ORQL--RIR
MNSTILAQDAACS —————— e - ORGL--TLT
MNSILEQDSTCS—————————m e e 00GL--QLV
* % .
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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TYGVVPMSTKVGILEWVPNTISLRAILAEEMVKDDYIQKTOROATIEEKDGHLELSLFALS

TYQVIPLSSEVGMLKWVESTQPLLDFIKDSFKEGEAKCLDEAE-====———————— T——-
TYQVIPLTTKIGLIEWVDNTNVLGSFLKDAMTDKEKESFR-====————— e —— ESD
TYSVIPVTPRVGLIEWVRNTMPLKDFIQLSDPEKKSLP-=-===—— = —m—— A
TFOQVIPMTPRLGMIEWLKNSCTLKDFLROGCSDVSWEQIONKN=-=====—=—————— LPNN
TYQVIPITSRIGLIEWMENTCTLKDFLSSRRTEQEQKT-—====————————————— ITR
TYQVIPMTSRLGLIEWLDNTCTLKDFLSSNITEETQSRRO=-======——————————— QE
TYQVIPMTSRLGLIEWLDNTCVVKDFLLSNMTEDEHKRPS—=====———————————— P-
TYQVIPMTTRIGLIEWLENTCTLKEFILNTMTEDEAKIYNSKT—=—===————————— TNG
TYQVIPMTARIGLIEWLENTCTLKEFLFDRMTEEERKH-—===—————— e ——— CKR
TYQVIPMTTRIGLIEWLENTCTLKDFLDSRRTEPEEKS——====———— - ——— SPS
TYQVIPMTTRIGLIEWLENTCTLKEFLSNAMTEEERTNYETLS—=====—=—==—=——— PKKG
TYQVIPMTTRLGLIEWLEATNTLKDFLYNSMSEAEQENCS—=S—====————————— T—--
TYQVIPMTTRLGLIEWLENTYTLKEFLLKNMSEQEKNCYN-=-S—===—————————— SOG
TYQVIPMTTRLGLIKWLENTCTLKEFLKNSMSEEEDINYY--S—===—————————— PRG
TYQVIPMTTRLGLIKWLENTCTLKEFLKNSMSEEEDFNYS—=-S—===—————————— KKG
TYQVIPMTTRLGLIEWLGNTCTLKEFLLONMSEQEKNDYN-=-S—===—————————— SKG
TYKVIPMTTRLGLIEWLENTCTLKNFLMESMSEEEKDDYH--S—===—————————— RKG
TYQVIPMTTRLGLIEWLPNTCTLKNFLHSNMSEEEKADYC-=-S—===—=———————— EKG
TYQVIPMTTRLGVIEWLENTCTLKELILKSMSEGEKAAYE-=-S—===——————m—e—— NPKG
TYHVIPMTTRLGLIEWIENTCTLKELLLNNMSEEEKAAYE--S—===————————— GPKA
TYSVVPMTSRLGLIEWLENTVTLKDLLLNTMSQEEKAAYL—=-S—==—=————————— DPRA
TYRVVPMTSRLGLIEWIENTMTLKDLLLSNMSQEEKVANN-=-S—==—=————————— DPKA
TYQVIPMTSRVGLIEWMNDTIPLKEFLICNLTEQEAKFVS—=—=————m— e —
TYQVIPMNTRVGLIEWMSNTIPLKEFLLNAMTEKERTAYF--G-======—————— E-NG
TYQOVIPITOQRLGLIEWMKNTITLKEFVTDAMEDHEKQHYL—=-S—===—=——————— SONS
TYQVIPMTORVGLIEWLKNTKPLKELLHIAATESEKQAMV==V=m——m——m e m RRKT
TYAVVPMSTRLGLLEWVPRTKPLKOLLOEAMTQOQYDAYY-=S—=====——————— YSMN
TYKVIPMTSRIGVIEWLENTTVLKEFIRNGLSETENETFD--T—===—=——————— I--—-
TYQVIPMTPRVGLIEWMNNTKPLKGVLNSAMTKAENDHYI--G-======—=————— P-NG
TYEVIPMTPRIGIIEWVDHCLPLKVFLSEAMTKNERSHYA-=-N-==—=————e————— T——-
TYGVIPMTSRVGLIEWMONTTPLAGFLENAMTTREQEAFL—-H-===m=mm————— O-RL
TYQVVPMTPRLGILEWVKRTTTLKDFITRSMTEAEHKVYT-=-S—===—=——————— RTTG
TYEVIPMTPRLGMIEWAQONTTTLKEFLHLAMTEQEGNAYN-=-S—===—m———————— R-HG

*g kokg, ,tkgic* : .0
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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SAELRTNWLK-====—=——=——— GNGTTDYHOMYRNAPLASAAAVYDAITSILPTYYLORRL
FYRTEEPWNF-=————— e RKKTTDKRRVKKYEDAVNRIPWDILRRGL
PKMTFYKFLLSKTNS----RDKSIPLLYENIYKI-ADTEVNKKFTECINMIPWDLFRRAF
ASKMNQKWLEQKFGG==——-— SNYVNWYYEMYKKLKADEVKKEYRRIVSAVPWDLLRRSL
PANLLCOWIGDSSNT—————-— ROMIENYRKCYQKYSRNETLNAFKKREAMVPWDMLRKSY
PNEFYDEWISKVAG-——=——- KVEGIRRYAELYKKAKRVDTVNNFRRIEQMVPDDLLKRAF
VLPKYREWLOQKMAGR—-—-—-- K-DMFLRYPTMYLKASRTETVTAFRTHEQATIPGDLLRRAF
-KELFSEWLQRISGS————- KSDVTTLYGOMYMKASRTETVKAFROCERAVPPDLLRRAF
PLYHYNAWLDKKEK-—=———— VGDARQHVTSYTRCDRTNTVASFREREALVPKDLLRRAF
PAESYMEWLSKVAG-——=——- KEKGIAQYITMYKTAKRTETVRAFRNVEHHVPEDLLRRAF
PODMYSAWLEKISR—————— RSKGQEQYHEVYKKASRTETVANFQOSIEKLVPODLLRRAF
PRKAQYNEWLTKMAGG———-——-— SVGPQRYGSMYKRASRTETVMAFRSVESLVSRDLLRRAF
-TKHYKDWIQKMGR-=——=—=—-— CDNISRYEYMYRRASYTETVVAFKARENLVPGDLLRRAF
PFADYKDWLCKMGE-—=———— RNRIECYMTMFKRASRTETVMSFOHRENRVPEDLLRKAF
PRATYSEWLSRMGG———-——-— KAQGISRYHAMYRNASRTEAVTSFKSRESSVPEDLLRRAF
PRATYNEWLSKMGG-——-—-—- KAQGVPRYHVMYRNANRTETVMSFKSRESSVPEDLLRRAF
PRADYNEWLSKMGD-——-—-—- RNAGLVNYVSMYKKASRIETVTSFOORENLVPEDLLRRAF
PRIMYSDWLSKMAGK—-————-— ENGIARYKTMYSRANRTETVLSFRNRETSVPGDLLRRAF
PLFAYNEWLSKMAGG——---- KIEDFARYMPMYKRASRTETVMSFRNRENRVPEDLLRRAF
PVHEYSEWLYKMSK—-——=—=——— KODFGAYMLMYKHASRTEAVTAFRNRENRVPGDLLRRAF
POLEYSTWLTKITG-—=———- KODISAYMLMYRRANRTETITSFRNRESKVPADLLRRAF
PPCEYKDWLTKMSG——————— KHDVGAYMLMYKGANRTETVTSFRKRESKVPADLLKRAF
PIRDYKDWLMKVSG====—=— KSDAGAYVLMYSRANRTETVVAFRRRESQVPPDLLKRAF
-GNLHNSWIMKLSKD=-=—-- PRDVQOGYMOMYLKYNMTETRRELQKKENIIPWDLSRRAF
PSOLHYKWLPKLPKK—-=—=——- TDWGLIYGOVYONYSKTETMKEFRIKESKVPWDLSRRAL
PHQLYSKWLGKFGSA-————-— GGPVYMYQSMYRKAKRSEVENHFKFRENSVPWDLLRRGF
KNMLDL—-====—————————— TLRILFDITIISREANRTDTESEFKKKQAQVPWDLLRRAF

PVEHFNKWAATALTASESKRAASHVKLYARTFVQOCSKSDTVRSFRERESMVPPDLLROAF
—-GYKHNKWIVEKFPV---NGNKHIINNYYPMFKKASREVIERKFRELONLMPHDALRRSF
AGACYRNWIDKFKGD————- PRNPSRFYGEMFKKANRTETERSFTOQKOALVPWDLLRRAF
-RLDHHTWVDKMVKHV--GDRTSHCVRYGELYKVASRTEILKKFODLHTQVPWDALRRAF
PLIDFDAYVHRLGGTV--K-NDPWGKVYGSLYQKASRTDVTLAFROVQSKVTWDIMRRGY
PVALFTTWLOKFCQT---D-G-NITKLFTEAYKKANETETIKAFREREAKLPWDLLRRGF
PRYQHSEWVDKYAKG---N-QOSNHGVRYGAVYRHANYTDTVKCFRSWEALVPWDLMRRAF
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4375
3820
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3900
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3935
3954
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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GAR
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GECKO
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ALLIGATOR
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TASDEVIL
HUMAN
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SOFTCORAL
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STRONG
STARFISH

LSMSRNAETYYTLLHEFLASLSVNNIFGYILGIGDRHLENLLLDSSTGSIVNIDFGICFG
VRLSSSSEGFFSLRSLFANSYATMCVSHWLLGIGDRHCGNTLVSLKTGRVVGIDFGHHFE
LKFSSSLEAFVILRYNFITSHAVLCISOQWLLGIGDRHTGNFLVSTTTGIEVGIDFGHAFG
ISLASTSESFLLLRCTFIQSLSVINICQYILGIGDRHLSNFMVDMETGOLVGIDFGHAFH
OKLASSPESYFVLRGNCATSHALNCISAYIMGIGDRHLSNHMVDLINGKMIAIDFGHAFG
VRMSTTPEAFLSLRSHFSSSHAVLCISHWILGIGDRHLSNFMINTETGGMIGIDFGHAFG
IKMSTTPEAFLALRSHFASSHALMCISHWILGIGDRHLSNFMVNLETGGMVGIDFGHAFG
TKMSTTPEAFLALRSHFASSHALMCVSHWILGIGDRHLSNFMINLETGGMVGIDFGHAFG
VKMSTTPEAFLSLRSHFARSHALLCVSHWIVGIGDRHLSNFMINMETGGMIGIDFGHAFG
MKMSTTPEAFLSLRSHFTCSHALMCVSHWILGIGDRHLSNFMINMETGGMVGIDFGHAFG
IQLSTTPESFLSLRSHFASTHALICVSHWILGIGDRHLSNFMVNMETGGMVGIDFGHAFG
TKMSTSPEAFLTLRSHFASSHALMCISHWILGIGDRHLSNFMINMETGGMVGIDFGHAFG
TKMSTTPEAFLTLRSHFASSHALICISHWILGIGDRHLSNFMINMETGGMVGIDFGHAFG
VKMSTTPEALLSLRSHFASTHALLCISHWILGIGDRHLSNFMISTETGGLVGIDFGYAFG
VKMSTSPEAFLALRSHFASSHALMCISHWILGIGDRHLSNFMINKETGGMVGIDFGYAFG
VKMSTAPEAFLSLRSHFASSHALMCISHWILGIGDRHLSNFMINKETGGMVGIDFGHAFG
VKMSTTPEAFLSLRSHFASSHALMCISHWILGIGDRHLSNFMVNMETGGMVGIDFGHAFG
VKMSTAPEAFLSLRSHFASSHALMCISHWILGIGDRHLSNFMINMETGGMVGIDFGHAFG
VKMSTAPEAFLSLRSHFTSSHALICISHWILGIGDRHLSNFMINTETGGIIGIDFGYAFG
VKMSTRPEAFLALRSHFARSHALLCVSHWILGIGDRHLSNFMINLETGGMVGIDFGHAFG
VKMSTTPEAFLALRSHFASSHALMCISHWILGIGDRHLSNFMINMETGGMIGIDFGHAFG
VRMSTSPEAFLALRSHFASSHALICISHWILGIGDRHLNNFMVAMETGGVIGIDFGHAFG
VKMSTSPEAFLALRSHFASSHALLCISHWLLGIGDRHLNNFMVAMETGSVIGIDFGHAFG
HKMSTSPEAFHVLRCKCASTHALISICQYVLGIGDRHLSNFMINLKNGEMVGIDFGHAFG
OHLSTSPEAFHFLRCEMLTSHAVLCICHYLLGIGDRHLSNFMVNGRTGHMVGIDFGHAFG
VALSASSEAYLMLRSHFARTHATVSICHYLLGIGDRHLSNFMIDRLTGGMIGIDFGHAFG
OQLAASPEAYLTLRTHFARTHACICICQYVLGIGDRHLSNFLVDMRTGGLIGIDFGHSFG
LRLSASPEAFLALRTHFIKSHATLSVCHYVVGVGDRHLSNFMVSQEDGGMVGIDFGHAFG
MRLASSPEAFLTLRAYFARTYGCMTICHYILGIGDRHLSNSMVDLKOQGRVIGIDFGHAFG
LOLAVSPEAFFILRSHFASSHACLCICQYILGIGDRHLSNFLVDMETGGMIGIDFGHAFG
ORLSSSPEAFLTLRGHFATSHALLCICQYILGIGDRHLSNFMISLDTGAMVGIDFGHAFG
LOMSSCPEAFLTLRSHFTTTHATLCIAQYVLGIGDRHLGNFMIDLESGGMVGIDFGHAFG
MOLSASPEAFLTLRAHFARSHAVLCICQYILGIGDRHLSNFLVSLETGGMVGIDFGHSFG
IQLSASPEAFLTLRSHFARSHAVICICQYILGIGDRHLSNFLISLKTGGMIGIDFGHAFG

s * * . . H sk khk% * e * s *k%k *
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3995
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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GAR
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CAECIL
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CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE
CRASS02
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TRICHOPLAX
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STARFISH

MGA--SVLPVPELIPMRLTROQLTDIAQPLQO--GLEVIROHMORVLGCLRKEKSLLONALE
TAV--QVLPFPELMPFRLTPQIVNVFQPLG--PVGMIKDVMVAVLGTLQESRHVILSVLE
TAT--QFLPIPELVPFRLTNQYLNLMLPLK--EKGVIEATMISALSALRDNADILLNTMD
SAT--QFLPLPELMPFRLTPQFVNLLLPHK--VSGQLRSCMIHTLRALRHSPTLLLNTMD
SAT--QFLDIPELIPFRMTROQLRNLLLPLR--EKGVIEGTMVHSLRALRQHKEQLISTMD
SAT--QFLPVPELMPFRLTRQFINLMRPLA--ESGLIQSVMVHSLRAFRAEPDLLLNTMD
SAT--QFLPVPELMPFRLTRQILNLMLPMK--ESGLIRSIMVHGLRAFRLDPDLLLSTMD
SAT--QFLPVPELMPFRLTHQFLNLMLPMK--ESGLIYSTMVHGLRAFRLDPDLLLNTMD
TAT--QFLPVPELMPFRLTRQIVNLMLPMK--DSGLFDSVMVHSLRAYRSDPGLLVTTMD
SAT--QFLPVPELMPFRLTRQFLNLMLPMR--ESGQIYSVMVHSLRAYRADPDLLINTMD
SAT--QFLTVPELMPFRFTRQFLNLMLPMG--VSGLISSVMAHALRAYRAEPDLLLNTMD
SAT--QFLPVPELMPFRLTSQFLNLMLPMK--EQGLLYSVMVHALRAYRANPDLLLNTMD
SAT--QFLPVPELMPFRLTRQFVOLMLPMK--ESGLIESVMVHALRAYRTDPSLLITTMD
SAT--QFLOLPELMPFRLTRQFVNLMLPMK--ESGLMYSVMVHSLRAYRINQDVLINTMD
AAT--QFLSVPELMPFRLTRQFVNLMMPVK--EWGLIYSVMVHALRAYRSDPDLLISTMD
SAT--QFLPVPELMPFRLTRQFVNLMMPVK--EWGLIYSVMVHALRAYRADPDLLISTMD
SAT--QFLPVPELMPFRLTRQFINLMLPMK--ETGLIYSVMVHSLKAYRVYPDLLINTMD
SAT--QFLOQVPELMPFRLTRQFINLMLPMK--ESGLIYSVMVHSLRAYRTEPDLLVSTMD
SAT--OMLPVPELMPFRLTRQFINLMLPMK--ESGLIYSTMTHALRAYRKDPDLLINTMD
SAT--QFLPVPELMPFRLTRQLINLMSPMK--ESGLVYSVMVHALHAFRTDPDLLLNTMD
SAT--QFLPVPELMPFRLTRQFINLMLPMK--ETGLIYSVMVHALRAFRLDPGLLISTMD
SAT--QFLPVPELMPFRLTRQFINLMLPMK--ETGLMYSTIMVHALRAFRSDPGLLTNTMD
SAT--QFLPVPELMPFRLTRQFVSLMLPMK--ETGLMCTVMVHALRAFRSCAGLLTDTME
SAT--QFLPIPELIPFRLTRQLRNLMMPLQ--VHGLMESTMIHTLRALRNNCDLLLNTMD
SAT--QF TPVPELMVFRLTRQIVNLGLPFK--VKGLLENTMIHVLHALRQNHDLLLSTMD
SAT--QFLPLPELMPFRLTROMLNLMLPLR--ENGQLKCSMVHTLRALRNKPDLLVNTMD
SAT--QFLPVPELVPFRLTRQFTNLLLPLK--ESGLVRNTMIHVMRALRGNHELLLNTMD
HSHPRCCLPIPELMPVRLTRQFLOLLLPHEGORRGLLYQTMVHTLRALRDNHRLLLNTLD
SAT--QFLPLPELMPFRLTRQICNMMEPLR--VSGQLQSTMVYTMRALRNNHEILLNTMD
SAT--QFQPLPELMPFRLTQQFVNLMLPLK--KSGTLQSVMIHTLRALRSNHDLLLNTMD
SAV--ELLPVPELMPIRLTRQIVNLMTPMK--EDGLILSTMVHGLRALRNNPDLLLNTMD
SAT--QHLPVPELMPFRLTROMLNLLLPLK--ESGLLQSTMVHVLRALRSSPNVLINTMD
SAT--QFLPIPELIPFRVTRQIINLMLPMK--IDGVLQSTMVHTLRALRONHELLVNTMD
SAT--QFLPVPELMPFRLTRQIVNLMLPFK--KEGILQSSMVHTLRALRONHELLINTMD

. JRER Kk kK .0 * . * : : : .0
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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IYINDPLMDWMRGAAEALDREALLDOQREQLLGGSFESSGTLPP—————— NNKEMSESVLW
AFVKEPTEDWKEFVRELEG-=====———— e e NLDESKIEM
IFIKEPTVNWOENALKQKRITIGKVDEN=-=——=—=—— VDSDINIYPGNTESDDPNHSECDFNW
VFIKEPSLEWESNAKKQALAQ===———————— e e e e e e KINTDDNTW
VFIKEPSLDWONAAKKEIQAMSNR-===———— e e e e e - KEDTSKLTLDSQOW
VFVKEPSLDWKNFELKQLKKGGTW======——— e e e e — TESVNTKEINW
IFVKEPSLDWKNLELKOMKKGGTW=—=====—— e e NKDVNTREIHW
VEFVKEPSLDWKNFELKQLKKEGSW====————— e e e e — SKDVNINEINW
VFIKEPSLDWKNLELKOMKKKGEW=====——— e e e e e — KKAVDVTSHNW
VFVKEPSLDWKNFELKOMKKAGSW=====——— - m e e e e - — SEAVNTNEINW
VFVKEPSLDWKNFELKQLKKGGTW======——— e e e e — KETVNTKEIDW
VFVKEPSLDWKNFELKQLKKGGSW=====———m e e e e TKEVNTKEVNW
VFVKEPCLDWNNFMLKOLKKOGTW===== = m e e e e e — TKKVNTAEKNW
IFVKEPSLDWKNFELKQLRKGGTW=—====— = m e e e TKEINTDEVNW
VEFVKEPSLDWKNFEQROLKKGGTW======——— e e e e — IKEINTSEVNW
VFVKEPSLDWKNFEQROLKKGGTW======——— e e e e e — IQEINTSEVNW
IFVKEPSLDWKNFELKQLKKGGTW=-=====—— e e e TKDINMDEVNW
VFVKEPSLDWONFELKQLKKGGTW======——— e e e e — SKEVNTAEINW
VFVKEPSLDWKNFELRLLKKGGTW=====———m e e e e LKEVNTCEVNW
VFVKEPSLDWKNFETKMLKRGGTW======——— e e e — TRAVNTADTNW
VFVKEPSLDWKNFEQKMLKKGGSW=—==== === — e e e e e e — TREVNMTEMNW
VFVKEPSFDWKNFEQKMLKKGGSW—====————— e —— IQEINVAEKNW
IFVKEPSFDWKSFEQTMLRKGGSW—===—— = e e IQEINVTEKNW
IFVKEPSVDWLVNAEKOMNEMKVE == === e e e e e VSPEDEVQOW
VFVKEVSLDWLOQFAEROMRGGMGP—======= === e ——— KDADEDMRW
VFIKEPSLDWONFANRONAKOGL-===== === — e e e e — KTESDDFSW
VFVKEPSLDWOMFARKQAEDQHME—====— == e e e — IGMYYEDLTW
VFIKEPSIDWKATAERLADKDIHS—====—————— o NESDQGEQVQEW
VFVKEPSLDWONFARKQAEKQKLN=-===— == m e e e e e e e e LNDMTDLAW
VFIQEPSLDWOVYARKQAKTOGIN=-====——— e e e e e EEEQKADW
VFVKEPHLDWOKRAKSDASKYGDA-=——==———— e e e — AEDANEMIER
VFIKEPHLDWKNFAAKOMDKG=-======= == — MVGEDDDLDDISW
VEFVKEPSLDWKCFAVKQADYQKLS—=====—— e e e e — EDSREDISW
VFIKEPSLDWKTNASKQAKAQKDAGRV==—==—=—— LEG-————————— QOSDPDGNSLDESW
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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STARFISH

EPVRRVGGALRKLSGEDPLALLQEDLSNNVMVTR--MKSYDGLCRILGDVRRLLGAEAGG

FSEERMRCLKEKLTGFNPAYVTVWALSKNKAVRR-DPTAFEELKKV—-=————e——e——— VLG
YPKORILFAKRKLEGINPCYITKEELRLGHSNKP----IFQRLTDV-=-————-—e———— CLG
YPKEKVNICRKKLLGFNSSHLMLIDLEHGFKNKP--—--EFKYLKGI-—-=—=——————— LLG
FPKEKVNIVRQKLEGSNPSHVMRAELALGQLGS———=-- YLKYFVIV-——m———————— LMG
FPLOKVNFARRKLEGTNPSVITSEELCLGFEKMP-~—--EYKGLLAV-=————————— ARG
YPMOKVRYARRKLEGANPAAITRDELQLGHETTE--—-AYKSYVAV— - - — e e — AMG
YPROKVNYAKRKLEGANPSAITRDELQLGHEKSK-—-—--AYASYVAV— - e e e AMG
HPQOKTHCAKRKLDGANPCEITCEELRLGHESAP-—-—-EYKDFIAV-=————————- ARG
YPMOKVNFARRKLEGANPAVITSEELKLGFEKSP--—--AYQSITAV————————e—— AQG
YPROKVQFAQRKLEGANPAAITSDELKLGFEKES—-—--WCRAALAM—-=-————————— AQG
YPVOKVKCGROQKLEGVNPIVITCNELQLGHEKLS—--—--AYQSYILAV——————— e VKG
YAVOKVNCARRKLAGTNPAIITCDELELGHEKSV—-=—-AYKEMKAV- == —e— e — AMG
YPLOKVKIARRKLAGANPAVITCDELRLGHEKSE--—--AFREYVSV--em e AQG
YPLOKVNYVRRKLTGANPAIITCDELRLGHERSP—-—-AYNDFAAV——————————— ARG
YPLOKVSYVKRKLTGCNPGRITCDELRLGHEKSP--—=-FFSDFVAV——— e — e —— ARG
YPLOKVNFARRKLAGANPAVITSDELRLGHEKSS—---AYRYYVSV—-e e ARG
YPLOKVNCAKRKLAGANPAVLTCDELRLGHEKSP--—--AYKEYVAV- - - e m e AQG
YPLOKVNCVKRKLAGSNPAAITCEELRLGHEKSL----AYRDYVAV—— - e ARG
YPLOKISYAKRKLTGTNPAIITCDELRLGHEKVP--—--AFGDYISV—-—m—-eme———— ARG
YPLOKINYAKRKLAGANPAAITCDELHLGHEKVP--—--AFECYVSV—--mm e — AQG
YPROKICYAKRKLAGANPAVITCDELLLGHEKAP--—-AFRDYVAV——————— e —— ARG
YPOHKIRYAKRKLAGANPAVITCDELYLGHEASS—-—-AFRSYTAV——-— e m e ARG
YPKEKIEYVKRKLRGDNPVCISREELKLGHSKKP--—--AFPALERV-=-——-——-e——e—— LOG
YPKOKIETAARKLKGDNPSYITRDELRIGHLRNQ--—-ALKDFEKV-=-————e———— ALG
YPREKVTFAKRKLKGANPAFVTRDELRLCHHL—=-—=——=—— SILESF-——==—————— ALG
YPREKVLTAQRKLKGANPAFVTRQELELGHRRRS—-—--WFRNLQSA-—————————— CLG
YPKQTIGVARSKLIGANPAHITKAELALGHRKHE--—-ALKQMTNV-=—=—————-——— VLG
YPKEKINSAKRKLKGENPAEIMKQDLESGHKKAG----YYEEMLSV--——e—mee-e—— LLG
YPKOKVQSAWRKLEGFNPAYVMRDDLOQLGHSKQS—-—=-WYKQMESV—-=————————— CLG
YAKDRINNARRKLOGANPCHITRDELKMNMNIKK---HYCTGYIDV----m—me———— CMG
YPREKIKFAAKKLOGVNPTHITKAELQLGHKNLP--—-WFKSFCLV=-=————————— AMG
YPKKKIKFAKMKLOGVNSTYITKAELEMGPHSKDARDAPFLKALKS——==—————=—— TCG
YPREKVNFAQKKLEGANPSDITQRELALGHSRNP--—--AFSAIKEV—=-————eee—— VKG
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Supplementary Figure 9: Clustal Omega: DNA-PKcs alignment metazoan plus “putative archaeon”
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End RYG70459.1 (Archaeon)

TNAGRTGKMKAAVELTVEEQVDALMAMATDPNVLVROWV SN
ONCESARANMDRTGLTIHQQVDILLEQATDPNILGRTWVGWSPFI
DRK-SLRONLPKNGLSVKQQVKSLIDQATDSGILSRIYFGWDPWF
DSSTNLRARVGKRCDSVEDQVDCLIDHATDSNVLGRTYGGWEAWV
DKQADIRARLPADGLSSEEQVAALLNLATDPNILGRTFAGWEPWV
EEQHNIRARLADKDLTVEDQVDCLLDQATDPNILGRVWIGWEPWI
DKEHNIRARVPEDGLSVEIQVDCLIDQATDPNILGRVWEGWEPWM
DKDHNVRARESEEGLSVECQVDCLIDQATDPNILGRVWIGWEAWM
DKKHNRRTNEPPDGLTEETQVQCLIDQATDPNILGRVWKGWEPWI
EKEHNVRAREAPQGLSVETQVECLIDQATDPNILGRVWVGWESWV
EQGVNVRASQAAEGLAVEIQVECLLDQATDPNILGRVYMGWEPWI
DPDHNVRAREVKEDLPVETQVACLIDQATDPNILGRVWEGWEPWM
DKTHNVRAREPKDGLTEEIQVKCLLDQATDPNILGRVWEGWEPWM
SKQFNIRARQPQDGLAEEIQVKCLIDQATDPNILGRTWEGWEPWM
NSNHDIRAKEPEDGLSEETQVRCLIDQATDPNILGRVWEGWEPWM
NAAHNTRAKEPEDGLSEETQVKCLIDQATDPNILGRAWEGWEPWM
SKEHNIRAKEAEDGLSEEIQVKCLIDQATDSNILGRVWEGWEPWM
SRDHNIRAKEPEDGLSEEIQVRCLLDQATDPNLLGRVWEGWEPWM
TRDONIRAKEPEDGLTEETQVKCLIDQATDPNILGRVWAGWESWM
SKDHNVRARQPEEGLSEEQQVQCLIDQATDPNILGRTWIGWEPWM
NRDHNFRAQQPDDGLSEETQVKCLMDQATDPNVLGRTWIGWEPWM
SKDHNIRAQEPESGLSEETQVKCLMDQATDPNILGRTWEGWEPWM
NRDYNIRAQEPESGLSEETQVKCLVDQATDPNILGRTWEGWEPWM
DKRENVRAQLPASGLTVEQQVAALIDQATDPNIVGRVWGGWEPWM
DVQDNIRARLKEKGLTEEQQVAALIDQATDPNILGRAWGGWEPWL
DKQYNERARMPADNLSVEDQVTCLIDQATDPNILGRTWQGWEPWM
DRRHNVRAQKEENELTSEAQVDCLIDQATDVNILGRAWEGWEAWV
DPRSDLRAQLPPEGLTVEQQVQCIIEQATEPSLLGRTWVGWEPWM
DKQHNQRARHYV--NTVENQVACLIDQATDPNILGRTYHGWEPWV
DRNANVRAREPESGLSVESQVSCLIDQATDANILGRTWQGWEPWV
DKKYSMRTREPATGLSVEKQVACLVDQAIDPNILGRAYEGWEAWV
DGGKDVRAQKPAEGLSVEDQVACLIDQATDPNILGRTWQGWOSFM
GNTESKRAQSKSKGLSVEDQVACLIDQATDPRILGKTYQGWEPWV
DRSONIRASSPKSGLSVETQVECLIDQATDPNILGRVYAGWEAWM
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4648
4057
4131
4157
4109
4119
4141
4134
4146
4150
4147
4147
4143
4130
4136
4106
4146
4144
4104
4135
4140
4128
4128
4115
4122
4127
4111
4163
4142
4170
4158
4205
4178
4203
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