Supplementary Figure 1. DNA-PKcs, jawed vertebrates

Supplementary Figure 1. Alignment of DNA-PKcs from selected jawed vertebrates.

Full-length DNA-PKcs sequences from selected jawed vertebrates (panel A and Supplementary
Table 1), were aligned using Clustal Omega using default settings (1). The percent identity from
the percent identical matrix feature is shown in panel A. Panel B shows the full sequence
alignment. The human sequence is highlighted in yellow. Identical amino acids are indicated by
the asterisks (*) and shown in blue/bold font. Highly conserved amino acids are indicated by the
double dots (:) and shown in blue. Similar amino acids are shown in purple, indicated by single
dots (.). Identified DNA-PKcs phosphorylation sites referenced from humans are highlighted in
green. The catalytic amino acids DXXXXN and DFG are in red/bold font.

See also, Figure 3.

A. Percent identity with human DNA-PKcs from Clustal Omega.

SEQUENCE % ID
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 (Banded Bamboo Shark, bshark) 62.27
MILII (Elephant shark, eshark) 62.14
GAR (fish) 61.77
DANIO 58.42
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Panel B: Clustal Omega alignment of DNA-PKcs/PRKDC in selected jawed vertebrates.

CLUSTAL O(l.2.4) multiple sequence alignment
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_________________ MAADTSTVGGIQGYLLKLHSSLEDTVSTNVAIVCHDIIGDLGQ
_________________ MAGPRGAAADTLSAFSKLHHLLSLSDVKSAAAESHSAVGSISR
____________ MADGMRRHGAGVGLEVERRLQQLEQLLSAQDSRSAAVESHSIVANLTH
MLLAGAGGSSGDGQDGVASGPAESAAGILGRLHQLHGLLSLE-SGVGAEGAHSLLHNLAE
______________ MAQPGSCSVGAGGIQGNLHKLHSFLNATDAKSAAVESHNLIGNLGQ
____________________ MAGSGGGIQGYLOKLHSLCGAGETKQTALECHSVIGDLGQ
______________ MAEEGGSPSAVEGVSGYLLKIHSSLTVTDTKSAAIEISNIFGNLRQ
______________ MSVPGVGGDSAVGVQGSLLRLHASLSSKDPGLEAPVAQSLIRSLGE
____________ MASSL-VVP---GGGLQGFLLQLHDALRSSDASSAALRGCSLIRSVAE
________________________ MAGVQQCLLQLHRCLQPGDAGGSALHGYSLLRSLAE
____________________________________ MCS-—--———————————ERKDVQA
____________ MAISLPVA----GGGLQGLLLQLHGTLQSPDPASAALHGHSLIRSMAE
____________ MAAALPVGG---GGGIQGSLHQLSCALQDPDPGTAALRGYHLIRGVGE

———————————————————— MAGSVPGPQGSLLRLORFLEAEDAGVSAVAAYQLIRGLGQ
——————————————————— MSGAGGGGLQGSLLQLOELLSGGDPGSAALAAYHLIRAVGQ
———————————————————— MAGSGAGVRCSLLRLQETLSAADRCGAALAGHQLIRGLGQ
———————————————————— MAEEGTGVRCWLLQLQEFLSAADRCSAAGASYQLIRSLGQ

( N-TERMINAL UNIT )

ECMITK-NENELVLOTSLLFAKEEGLLSFLRRSLSTEKLGTTGVEILRETRVEIMNFLGA
DFRCSSSSDSQLALOSSMVFSKDTGLLVFLRKSLRFEE-——————— FRDSREDVLKLLSE
DLLH-NTHESRLALHSSLVFSKDEGLLIFLRKSLSNEE-——————— FRDCREEVLKLITA
ECLVSALGSSALDLNTSLIFSKEFGLLAFVRKSLSSDE-——————- FKDCREEALKFLYT
ECMVSK-NENELVLOTSLIFSKENGLLAFVRKSLNIED-——————- FRDTREEALKLLTT
ECLVVR-NENELVLRSSLLFSKEDGLLSFLRKSLSSED—=—————-— FRDVREEVLKLLST
ECLVTS-DENELALHISLIFSKEIGLLIFLRKSLSSEE-——————- FRDNREEILKFLTA
ECVTSS-GDSVLALQTSLIFSKEHGLLAFTHKSLGIEE-——————- FRDCREETLKFLCI
SCVTSS-GDDILALQISLVFSKENGLLSFIYKSLSVED———————— FRECREEALKFILA
TCLASL-ASGEQALHLSLVFSQEYGLLVFIHRSLTIEE-——————— FRDCREEALKFLCV
DCVF----ALPAALHISLVFSQEYGLLVFIHKSLGIEE-——————- FRDCREEALKFLCA
TCVTSS-GDVARALQTSLVFSKEDGLLAFTHKSLSTEE-——————— FRECREEILKFLCA
ACVTST-GDGARALQTSLVFSKDNGLLVFVRKSLSMEE - ——————— FRECREEALKFLCA
PVVIRT-GDSAQALQOSSLVFSKDQGLLVFIRKSLSIEE-——————— FRDCREEALKFLCT
ECVLSA-GPAVQALHTSLVFSKEFGLPVFIRKSLDIEE-——————— FRDCREEALKFLCI
EGVLCT-SPAVLALQTSLIFSKEFGLLVFIRESLSIEE-——————-— FRDCREEALKFLCI
ECVLSS-SPAVLALQTSLVFSRDFGLLVFVRKSLNSIE-=—————- FRECREEILKFLCI
ECVLST-SSAVQALQISLVFSRDFGLLVFIRKSLSIED———————— FRDCREEALKFLCV
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FLORMSATVRGWEKNYAVELKDTCIVVYTKDKSAKCRNPALDLLIKILYLTKDSSITQNL
VVERIGEAVG----RYACDIKGTCVVVYTKEKAAKCKAAALDLLITLLHSKLSSSCLQQF
FVEKIKETVG----PYALDIKDVCLVIYTKEKAAKCKVAALDLLLVLLHSK---VCLQEF
FLEKIGSNVQ----PYAMDIKTLCVIVYTKDRAAKCKIPSLELLIKLLOQLLKNSIIIEEF
FLDRIAHKVNGWEKNYACDIKDTCLVVYTKDRAAKCKVSALELLIKLLHITS-PCLLQEF
FLORITQSVKGWERNYAVDIKETCLVVYTKDKAAKCRVPALSLLIQLLHGTKSSGVAQDF
FVEKIGQKLN----PYACNVKLILFPVFFFF————— FIFIFFTYLQLLOSTKSPHCIEEF
FLEKIGQKVQ----PYACDIKNTCVVVYTKEKAAKCKVPALELLIKVLQILKNSYEIEEL
FVEKIGPKIQ----PYAQDVKRICVTAYTKDRSAKCGIPALELLIKLLQOKLQSSYAMVDM

FMEKVGDKIH----PYACNIKQTCLSVYIKERTAKCKISALELLIKLLHTLQRSCLMEEM
FLEKIGEKVH----PYACNVKQTCISVYTKERAAKCKIPALELLIKLLONLRRSCLMEEM
FLEKIGEKIH----LYAHDVKRTCIIVYTKDKSAKCRIPALELLIKLLONVRSACVMEDM
FLEKIGQQVH----PYAHDIKQTCISVYTKEKAAKCKIPALELLIKLLONLRSSFLMEEL
FLEKIGQGVH----PYACDIKQTCISVYTKDKMAKCKIPALELLIKLLONVQCSSLMGEL
FLEKIGQKIE----PYSYDIKSVCISVYSKDRAAKCKIPALELLIKLLOQTLRSSRLMEEL
FLEKIGQKIE----PYSLGIKSVCTSVYTKDKAAKCKIPALELLIELLKTLRSSRYMEEF

FLEKMGQKIA----PYSVEIKNTCTSVYTKDRAAKCKIPALDLLIKLLOTFRSSRLMDEF
FLEKIDQKVM~----HYSLDIKNTCTSVYTKDRTAKCKIPALDLLIKLLQILRSTRLMDEF
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RIGDMFNKFYGELCQKHKIPDTVLGCIYELLGVLGEVHPSEMVNNSDKLYKAYLGELKGQ
KIGELFNKFYGDLSQKSKFPDTVLEKVYELLGVLAEVQPTEMLHNSEKLFCAYLNELRVQ
KIGDMFNKFYGELAQKSKLPDTVLEKVYELLGVLAEVQPTEMLDNSEKLYRAYLNELKIQ
KIGEIFNKFYGELATKSKLSDTVLEKVYELLGILGEVQPCEMTYNSEKLFKAFLGELKAQ
KVGDMFNKFYGDLAQKSKIPDTVLEKIYELLGVLGEVQPSDMLNNSEKLYRAYLSELKSQ
RVGDMFNKFYGELSQKSRIPDTVLGNIYELLGVLAEVQPSDMTDNSEKLYRAYLGELKSQ
KVSEMFNKFYGELAQRSKLPDTVLEKVYELLGVLGEVQPSEMLHNSEKLFRAFLGELKTQ
KVKEIFNKFYSELGVKSKVPDTVLEKVYELLGVLGEVQPSDMLDNSEKLFRAYLGELKKQ
KVGEIFNKFYGEIAIKSKVPDTVLEKIYELLGVLGEVQPSEMIDNSEKLFRAYLLELKVQ
KVGEIFNKFYEELAARSRIPDTVLEKIYELLGVLGEVQPSDMINNSEKLFRAYLRELKTQ
KVGEIFNKFYGELATRSKVPDTVLEKIYELLGVLGEVQPSDMINNSEKLFRAYLGELKTQ
KVGEIFNKFYGELAVKSKVPDTVLERIYELLGVLGEVQPSDMLENSEKLFRAYLGELKTQ
KVGEIFNKFYGELAARSKVPDTVLEKLYELLGVLGEVQPSDMVDNSEKLFRAFLGELKTQ
KVGEIFNKFYGELAGKSRVPDTVLEKIYELLGVLGEVQPSDMLDNSEKLFRAYLGELKTQ
KVGGIFNKFYEELALKTKITDTVLEKIYELLGVLGEVHPSEMLCNSEKLFRAYLGELKMQ
OLGELFSKFYGELALKTKIADTVLEKIYELLGVLGEVHPSVMVHNSEKLFRAFLGELKTQ
KIGELFSKFYGELALKKKIPDTVLEKVYELLGLLGEVHPSEMINNAENLFRAFLGELKTQ
KIGELFNKFYGELASKSKLPDTVLEKVYELLGVLGEVHPSEMINHSENLFRAFLGELKTQ
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MTSTTKEPKLPVVAGCLKGIAALMVNFTKSVEEDPAASKEIFDYALKAISPQTDIKRYAV
MTSATREPKFLVVSGCLRGLTALMINFTKSMEEDPKASKDIFDYALKAINPQIDLKRYAV
MTSATRQPKFLVVSGCLRGLIALMVNFTKSIEEDPRTSKEIFDCAVKAINLKIDIKRYAV
MNSSTRNPKFPVIAGCLKGLSALMINFTKTMEEDPRTSKEIFDYTVKAISPQVEMKRYAV
MTSATREPKLPVVAGCLKGLTALMINFTKSMDEDPKSSKEIFDFALKAISPQTEFKRYAV
MTSTTREPKLPLVAGCLKGLTALLVNFTKSMSEDPKTSKEIFDYALKSISPQTEFKRYAV
MRSTTKEPKLSVVAGCLRGLTALMINFTKSVDEDPKTSKEIFDYAVMAISPQVDLKRYAV
MTSTTREPKLSVVAGCLKGLTSLMINFTKSMDEDPKVSKEIFDYSVKAISPQVELKRYAV
MTSATRQTKFPIVAGCLKGLTALMYNFTKSMDEDPRTSKEIFDFAVKAISPKIDLKRYAV
MTSATRGPKLPLVAGCLRGLVALMYNFTKSVDEDPQTAKEIFDFAMKAINPQVDQKRYAV
MTSTTRVPKLPIVAGCLRGLAALMYNFTKSEDEDPQTSKEIFDFAMKAIRPQIDQKRYAV
MTSSTREPKFPVVAGCLKGLTALMYNFTKSMDEDPQTSKEIFDFAVKAINPQVDLKRYAV
MTSATREPKLPVVAGCLKGLTALMYNFTKSMDEDPHTSKEIFDFAVKAINPQVDLKRYAV
MTSATREPKLPVVAGCLKGLTALLYNFTKSMEEDPRTSKEVFDFSVKAINPQVDLKRYAV
MTSSTREPKLPVVAGCLKGLSALMCNFTKSMDEDPQTSKEIFDFAVKAISPQVDLKRYAV
MTSTTREPKLPVVAGCLKGLSSLMYNFTKSMDEDPOMSKEIFDFALKAISPQVDLKRYAV
MTSAVREPKLPVLAGCLKGLSSLLCNFTKSMEEDPQTSREIFNFVLKAIRPQIDLKRYAV
MTSTVREPKFPVLAGCLKGLSSLLCNFTKSMEEDPQTSKEIFGFTFKAIRPQIEMKRYAV
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IFAGLKLFAKHSSQFGSCLMDHYISIFDVMSKHCGHINAELKKSSYTALESFLKQVATLV
PLAGLRLFTLHSSQFGTCLMDNYRTVFEKMKKSCGHTNSEMKKASYSALESFLKQVAIQV
PLAGLRLFTLHANQFKTCLLDSYQVLFETMSKWCGHTNIEMKKAGYAALESFLKEIALQV
PSAGLNLLALHASQFSSYLMDDYQSLFEVISKWCGHTNGEMKKLAFAALDSFLKQIAHLV
LLAGLRLFAKHAGQFSSCLMDNYRSLYEVMSKWCGHTNIEMKKAGYHALEAFLKQVALLV
LFAGLKLFARHAEQFSSCLIDNYRSIFEVMSKWCGHTNAELKRAGHSALESFLKQVAVLV
PLAGLRMFALHANQFNTCLMDNYRSLFETMSKCCGHANGELKRAGYAALENFLKQVAAMV
PLAGLHMLAIHASQFGSCLMDNYRSLYEVMSKWCGHTNADLKKAGHLALESFLKQIASIV
PLAGLHLFSKHAEQFSTCLLDNYVSLFHTMAKWCGHONAELKKAGHSALDSFLKQVSSMV
PLAGLOLFIWHSAQFGALLLDNYVSLYEVMCKWCGHTHPELKKASYSALDSFLKQISLMV
QOLAGLOLFGRHAAQFGTFLLDSYVSLFETMCKWCGHTNQELKKAGHSALDSFLKQISLMV
PLAGLHLFSVHAVQFSTCLLDNYVSLFEVMSKWCGHQONAELRKVSNSALDAFLKQVSEMV
PLAGLHLFSMHAAQFGTFLLDNYISLFEVLSKWCGHTNAELKKGGHSALDSFLRQISLMV
PLAGLRMFGLHAAQFGTCLLDNYVMLFEVMSKWCGHTNVDLKKAGHSALDSVLKQISLMV
PLAGLHLFTVHASQFGTNLLDNYVYLFEVMAKWCGHTNGELKKVAHSALDSFLKQISLMV
PLAGLRLFTLHASQFSTCLLDNYISLFEIMSKWCGHTNGELKKIAHSALDSFLKQVSLMV
PSAGLRLFALHASQFSTCLLDNYVSLFEVLLKWCAHTNVELKKAALSALESFLKQVSNMV
PLAGLRLLTLHASQFTACLLDNYITLFEVLSKWCSHTNVELKKAAHSALESFLRQISFTV
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AENIELHKSKLKFFMOKFCAIIRTMDSTNKELSIAIRGYGLFAAPCKVVCPQDVDLMYTE
AENAHLHKDKLEYIMQOFYDIIRTPESSMKELSIAIRGYGLFAAPCKAVNSNDVDFMYIE
AEDAHLHKDKLOYFMQOFYSIIRTMESSTKELSIAIRGYGLFAAPCKAVDSHHVDFMYTE
ASDAETHKNKLHFFMEQFYETIIRKMDSSNKELSIAIRGYGLFAAPCKAVNAKNVDLMYIE
AENAELHKSKLEFFMROFYTVIRTLDSSTKELSIAIRGYGLFAAPCKAVCLGDVDFMYTE
AENAELHKSKLKFFMQOFCSIIKTTDSTNKELSIAIRGYGLFAAPCKAVCPQDVDFMYTE
AENAELHKNKLEYFMKQFYGIIRTLDSSNKELSIAIRGYGLFAAPCKAVCPEDVDLMYTE
THDAETHKSKLOFFMDQFYRIIRKLDSSNKELSIAIRGYGLFAAPCKVINAKDVDFMYIE
AKDVEMHKSKLRFFMEEFYGIIRNMDASNKELSIAIRGYGLFAAPCKVINPKDVDFMYVE
AKDAELHKSKLRFFMEQFYGTIRRMDSSSKELSIAIRGYGLFASPCKATHPEDVDNMYVE
AKDAELHKSKLOFFMDQOFYGIIRRMDSSNRELSIAIHGYGLFAAPCKATIRSKDVDYMYVE
AKDAEMHKSKLNYFMKQFYSIIRKMDSSNKELSIAIRGYGLFAAPCKAINSKDVDFMYVE
AKDAEMHKSKLOFFMEKFYDIIRKMDSSNKELSIAIRGYGLFAAPCKAINSKDVDFMYVE
AKDAEMHKSKLKFFMEQFYSIIRKMDSSNKELSIAIRGYGLFAAPCKAINSKDVDIMYIE
AKDVELHRSKLOQYFMEQFYEIIRKIDSTNKELSIAIRGYGLFAAPCKVINPNDVDIMYIE
AKDAEAHTSTLRYFTEQFYGIIRNVDSSSKELSIAIRGYGMFAGPCKSINAKDVDFMYIE
AKNAEMHKNKLOYFMEQFYGIIRNVDSNNKELSIAIRGYGLFAGPCKVINAKDVDFMYVE
AEDAELHKSRLKYFMEQFYGIIRNTDSNNKELAIAIRGYGLFAGPCKVINAKDVDFMYVE
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LIQRCKOMYLTESDRDDDNVYQLPSFLDSIASVLVHLDRIPEVYTPVLERLLVVQMDSFP
LIQRCKOMYLTEADTEDDNVYQLPSFLDSIASVIFHLDKIPGVYTPVLERLLVVQIDSFP
LIQRCKOMYLTEADTEDDNIYQLPSFLDSIASVIFHMDKIPDIYTSVLERLLVVQIDSFP
LIQRCKOMYLTEADTEEDNVYQLPNFLOSVASVILHMDSIPEVYTPILERLLVVQIDSFP
LIQRCKOMYLTETDTEDDNVYQLPSFLDSIASVIFHLDRIPEVYTPVLERLLVVQIDSFP
LIQRCKOMYLTETDTEDDNVYQLPSFLDSIASVLFHLDRIPEVYTPVLERLLVVQIDSFP
LIQRCKOMYLTETDTEDDNVYQLPSFLOSIASVLFHIDRIPEVYTPVLERLLVVQIDSFA
LIQRCKOMYLTEAETEDDNMYQLPHFLOSIASVIVHMDSIPEVYTPVLERLLVVQIDSFS
LLORCKOMYLTEAETIDDHVYQLPSFLOSIASVIFHLDTIPEIYTPVLERLMIVQIDSFS
LLORCKOMFLTEAETIDDHLYQLPSFLOSIASVIFHIDKVPEVYTPVLEHLVVLQINSFP
LLORCKOMYLTEAETVDDHIYQLPSFLOSIASVIFHLDTIPEVYTPVLERLVVVQIDTFP
LLORCKOMYLTEAETMDDHVYQLPSFLOSIASVIFHLDTIPEVYSPVLERLIVVQIDSFP
LLORCKOMFLTEAETADEHVYQLPSFLOSIASVIFHIDTIPEVYTPVLERLIVVQIDSFP
LLORCKOMYLTEAETADDNVYQLPSCLOSIASVIFHLDTLPEVYTPVLEHLIVMQIDSFP
LIQRCKOMFLTEAETIDDHLFQLPSFLOSIASVLLHLDKVPEVYTPVLERLLVVQIDSFP
LIQRCKOMFLTETDTIDDHMYQLPSFLOSIASILLHLDTVPEVYTPVLERLIVVQIDNFP
LIQRCKOMFLTQTDTGDDRVYQMPSFLOSVASVLLYLDTVPEVYTPVLEHLVVMQIDSFP
LIQRCKOMFLTHADASEDHVYQMPSFLOSIASVLLYLDTVPEVYTPVLEHLMVVQIDSFP
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QYSQRMOHATCRSIVKVFVAMAVRGPVLWSFTSSVVHQGLIRVCSKPVLQSDERGVSSGV
LYSARMOPICCRSIVKVFVALAGKGPVLWNFISTVVHQGLIRVCSKPVLLPGEGTGRSES
LYSVRMOPVCCHSIIKLFIALAGKGPVLWSFISTVVHQGLIRVCSKPVLLPGEEMTKAEP
QYSLKMOSSCCKAVLKVFLSLAGKGPVLWSLISTVVHQGLIRVCSKPVVLAQDG--KEGS
QYSQRMOPVCCRSILKVFIALAGKGPVLWSFISTVVHQGLIRVCSKPVVLTGEEGG---0Q
QYSQRMOPACCRAIVKVFVAMAGKGPALWSFISTVVHQGVIRVCSKPVLLTEEEGAAQGA
QYSQKMOPTCCKSIVKVFLALAGKGPVLWSFISTVVHQGLIRVCSKPVPLSTEGIGKGGL
QYSVKMOSVCCRSIIKVFLALAGKGPVLWNFISTVVHQGLIRVCSKPVTLGKEGSGKGSP
QYSARMOTACCRSIVKVFLALAAKGPVLWSFMSTVVHQGLIRICSKPLVFSMDFGGKNIS
QYTEKMOPVCCRSIIKVFLSLSGKGPVLWSFISTVVHQGLIRIFSKPITFSKDFSVKETS
QYSEKMOSVCCRSIVKVFLALTGKGPILWSFISTVVHQGLIRIFSKPITFSKEYFGKKTS
QYSTKMOSTCHKSIVKVFLALASKGPVLWSIMSTVVHQGLIRVCSKPLAFLRENSGTGVS
QYSVKMOSACCKSIVKVFLALAGKGPVLWSFISTVVHQGLVRVCSKPITFSREIFGKEVS
RYSEKMOPVCCRSIVKVFLALAGKGPVLWNFISTVVHQGLIRVCSKPIVFSREFDGKGAS
QYSTKMOSACCKAIVKIFLALAGKGPVLWNFISTVVHQGLIRVCSKPVPFLKEAYGRDAS
QYSTKMOTICCRAIIKVFLALAEKGPILWNFISTVVHQGLIRVCSKPVILOKEAFGKEVS
QYSPKMOLVCCRAIVKVFLALAAKGPVLRNCISTVVHQGLIRICSKPVVLPKGP----ES
QYSPKMOLVCCKAIIKLFLALSEKGPVHWNCISAVVHQGLIRICSKPVVLQKDV----ES
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————— SQSEDSTLVRSGKWKVPSSKDYLELFKGLLDCENLKDTGFVDGAPAAKNYNLRDL
—--GL-QQQSASEVMWTGKWRVPSYKDYLDLFRSLLNCGKMKEFGLV-DTLOMINLPLQSL
WSSA-QQSLSNGNMGTGKWRVPSYKDYLELFRSLLDCGRMKESGLIYETFOQMFDSPLKSL
EAE---TAAATGEVRAGKWKVPTYKDYLDLFRNLLRCDQLKDSIFSDEIFSTVNSPLQSL
GGG---QPVEKGQVHTGKWKVPSYRDYLDLFRNLLECDKMKDTGFVDGAFDVRSSSLHSL
EGG---RSAGAGQVRTGKWKVPSYRDYLDLFRSLLDCDLMKDFGFLEGVFESQSAPLQSL
OSEEEADPAAPGEVRTGKWKVPSYKDYLDLFRNLLECDKLKQOSALVDETFGVVNSPLQSL
GSE---EPPVAEEVRIGKWKVPTYKDYLDLFRSLLDCDKMKESIFSDEVF-SVNSPLQSL
KSE---EYDSSGEVRTGKWKVPTYKDYLDLFRTLLGCDTMKNILLADEVCLTEYSPLQSL
GTE---EAFEAGEVGTQRSKLPTYKDYLYLFRSLLSCDTMKESVFEDANFLTEKAQLQSL
GSE---ESPAAGEAGAGKWKVPTYKDYLYLFRSLLNCDTMKESVLEDENFLAANSALKSL
ASE---EHPASGEVRSGKWKVPTYKDYLDLFRSLLSCDTMKDSLLADETCLMANSPLQSL
KLE---ESTTAGEVRTGKWKVPTYKDYLDLFRSLLNCDTMKESVLADETFLIANSPLLSL
KSE---EPPAVGEVRTGKWKVPTYRDYLDLFRSLLNCDAMKESVFADENFLTVNSPLQSL
ESD---DSSAFGEVRVGRWKVPTYKDYLDLFRSLLNCDEMKDSQL-DETFLIVNSPLQSL
ESE---EYPSSGEVKTGKWKVPTCKDYLDLFRNLLSCDOMKDSLLADETFLLVNSPLQSL
ESE---DHRASGEVRTGKWKVPTYKDYVDLFRHLLSSDOMMDSILADEAFFSVNSSSESL
RSD---NRSASEEVRTGRWKVPTYKDYVDLFQHLLGCDOMEDFILGDETFLFVNSSLKSL
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565
560
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NRHLYDALVQSVMKIVEKLDLSVQKVSAADEVQ-SD-ASAGIVLSSDPTANLMPNKPKDF
NRLLYDEFIKSILKIIEKLDLSVEKQNQREEEGSGDVSNGNVIPTSDPAADLQPVKPKDF
NRLLYDEFIKSVLKIIEKLDLSVDKQSQONEEGGSGDVNSSIVIPTTDPSANLQPTKPKDF
NRLLYDELMKSILKIIEKLDLSLOKQDTGQOEDD-GGINNLLINATSDPAGNLYATKPKDF
NRLLYDELIKSILKIIEKLDLSVQKQSADEQEGRSDASSSMLIPSSDPAANLQPSKPKDF
NRLLYDELVKSILKIIEKLDLSVQKQONPDELE-ESDVSSGVVIPSSDPTAHLLPSKPKDF
NRLLYDELIKSILKIIEKLDLNVQKQKVGDQEGETDPSSTIIIPTSDPAANLQPSKPKDF
NRLLYDELIKSVLKIIEKLDLTVEKQSVGEQQODASDEDSALVIPTSDPAANLQPTKPKDF
NHMLYDELIKSVIKIIDKLDLTVQKONINEEKDGSEGDAHLAIPTSDPAANLQPSKPKDY
SRVLYDELIKSVLKIIEKLDLTVQKLDISEQ-DGNAGDSALVGPSSDPASNLQPTKPIDF
SRLLYDELLKSVLKIIEKLDLTVQOKLNVNEQ-DEDETDSALVVPTSDPASNLOQPAKPTDF
SRLLYDELIKSILKIIEKLELTVQOKQNVNDAKDANEADADLTIPTSDPAANLHPTKPKDF
NRLLYDELIKSILKIIEKLDLTVQKLNVSEQ-DENEAGSDLVVPTSDPASNLQPTKPKDF
NRLLYDELIKSILKIIEKLDLTVQKLTFSEQ-AESESGDVMIIPSSDPASNLQPAKPTDF
NHLLYDELIKSVLKIVEKLDLNVEKQNTGEK-DESEVSNLWVIPTSDPVANLHPSKPKDF
NRLLYDELIKSILKIVEKLDLKLEKQNVGNQEDESEASGVWVIPTSDPTANLHPAKPKDF
NHLLYDEFVKSVLKIVEKLDLTLEIQTVGEQENGDEAPGVWMIPTSDPAANLHPAKPKDF
NHLLYDEFIRSVLKIVEKLDLTLEKQTVGEQEDGST-ADVWVIPTSDPAANLHPAKPSDF

a3 FEX gookgokkgokkgk oy : SRR *x Kk

( N-TERMINAL UNIT )

IAFINLVDFCSELLPSRNPEYFAQWMHPLCHELILQSIRFPLVSGFYKLLSLSMGIAKKT
TAFVNLVQFSTELLLERHEEFFDOWVYRFGYELILRSTQFPLVSGFYKLLSATMKIAKKI
TALFNLVEFCGEL-LEKHTDFFEHWVYRFGHELILRSTQFPLVSGFYKLLSVTMKIARKI
TAFVNLVEFCSEILPKEHIEYFESWVYVFGYELVLQOSTRLPLISGFYKLLSVVMKNAKKS
TAFVNLVEFCSELLMKEHVDFFEQWVYGLGHELILQSTRFPLVSGFYKLLSVSMKIAKRI
TAFINLVEFCSELLLKKHVEFFEQWVYPLGHEIILQSTRFPLVSGFYKLLSVAMKIAKKI
TAFINLVEFCRELLPEKHVEFFEPWMYGFGHEVILQSTRLPLVSGFYKLLSVSMKIARKI
TAFVNLVEFCREILPEKHIEFFEIWVYTFGYELILQOSTRLPLISGFYKLLSVAMKNAKRT
SAFINLVEFCREILPDKHIKYFEPWMYSFGYELIIQATHLPFISGFYKLLSTIAMKIAKKT
IAFINLVEFCREILPEKHVEYFHPWVYSFGYELIVHSTRLPLISGFYKLLSVTMKIAKRI
IAFINLVEFCREILPEKHVEYFNPWVYSFGYELITHSTRLPLISGFYKLLSVAMKIAKKI
TAFINLVEFCREILPEKHIEYFEPWVYSFGYELIIQSTRSPFISGFYKLLSIAMKIAKKI
IAFVNLVEFCREILPEKHVEFFEPWMYSFGYELIVQSTRLPLISGFYKLLSVAMKIAKKI
IAFINLVEFCREILPKKHLEYFKOWVYSFGYELITQSTRLPLISGFYKLLSVVMKIVKKI
TAFINLVEFCRDILPEKHVQFFEPWVYSFGYELILOSTRLPLISGFYKLLSIAIRNAKKM
TAFINLVEFCREILPEKHIQYFEPWIYSFGYELILQOSTRLPLISGFYKLLAIAIRNAKKL
SAFINLVEFCREILPEKQAEFFEPWVYSFSYELILOSTRLPLISGFYKLLSITVRNAKKI
SALINLVEFCREILPRKHVGFFEPWVYSFAYELILOSTRLPLISGFYKLLSIAVKNARKI

ke Kkkok e . sk kes 3 skessesse 2 Keeskkkkkkkg . e

( N-TERMINAL UNIT )

635
627
631
641
630
627
628
629
628
619
590
628
628
588
622
625
620
619

695
687
690
701
690
687
688
689
688
679
650
688
688
648
682
685
680
679
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QYFQDVKQCP-KQVGGSTMENACFSLLAKFGKE-——————— VCVRMKQYKDELLAACLMF
NYFKGVSTNTWKQCHTDPEKCACFALFGKFGKE-——————— VTIRMKQYKDELLVSCLNF
KYFEGVNPKTRKQCPKNPEKFACFALFGKFGKE-——————— VAIRMKQYKDELLASCLTF
RYFEGFTSKIYKKAPEDPERLSCFALFAKFGKE-——————— VSSKIRQFKDELLASCLTF
KYFQGVSPRSCKTSPEDPDKYACFALFAKFGKEVSTILGKEVSVRMKQYKDELLASCLTF
KYFKGVSPKSFOPNPOQDPEKYACFALFAKFGKE-——————— VSVRMKQYKDELLASCLTF
KYFEGVSSKSCKONSLDPEKYACFALFAKFGKE-——————— VCARMKQYKDELLASCLGF
KYFEGVSPKSHKKCPKDPERFACFALFAKFGKE-——————— VSAKMKQYKDELLASCLIF
KYFAGVSPESTKKYPEDPERSSCFALFSKFGKE-——————— VTTKMKQYKDELLASCLTF
KYFEDISPRSLRRCPEDPEKSSCFALFVKFGKE-——————— VAAKMKQYKDELLASCLIF
KYFEGVSPKSLRKCPEDPEKSSCFALFLKFGKE-——————= VTAKMKQYKDELLASCLSF
KYFEGVAPKSKKKCPENPEKSSCFALFAKFGKE-——————— VTAKMKQYKDELLASCLIF
KYFEGVSPKSYQKCPDDPEKSSCFALFAKFGKE-——————— VTAKMKQYKDELLASCLTF
KYFEDVSPGTQKKYPEDPEKSSCFALFAKFGKE-——————— VAARMKQYKDELLASCLTF
KYFEGVSPRSLKKSPEDPEKYSCFALFAKFGKE-——————— VAVKMKQYKDELLASCLTF
RYFEGLSPKSHKKSPEDPEKYSCFALFAKFGKE-——————— VSIKMKQYKDELLASCLNF
KYFEGVSPKSLKHSPEDPEKYSCFALFVKFGKE-——————— VAVKMKQYKDELLASCLTF
KYFEGISPKSLKHSPEDTEKYSCFALFAKFGKE-——————- VSVKMKQYKDELLASCLTF
L% . ckkaky kkkkk *  gaskekkkkk, skk K

( N-TERMINAL UNIT )

ILSLHPGMVALDIKAYIPALOAALRLGLSHAPLATAALDALESWSSFIPAAILQPHYTDI
VLSLPHDITELDIKAYIPALQAAFKLGLSHTPLADAGLDALEDWSAHIPKHIIQPHYKDI
VLSLPYDITELDIKTFIPALQTAFKLGLSHIPLADAGLDALEHWSTRISKHVIEPYYKDI
VLHLPHDITIMMDIKAYIPALQTAFKLGLSCPPLADVGLNALQYWSTNIPSDILKPYYKDI
VLSLPHDIVALDIKAYIPALONSFKLGLSHTPLANTGLYALENWSQFIPKYVMQOPHYKDI
VLSLHHDIVALDIKAYVPALQTALKLGLSHTPLASAALDALEEWSSRISQPLIQPLYRDV
ILSLPHTIVELDVKAYIPALOMAFKLGLSYTPLADSGLDALEEWSNRIPKWVLOPYYKET
ILSLPHDITIMLDIKAYIPALQTAFKLGLSYSPLADAGLDALEDWSAYIPQYVIQPHYSET
VLSLPYNIIMLDIKAYIPALONAFKLGLSYTPMADVALDALEDWSSYIPRNIIQPYYKDI
LLSLPHDIIMLDIKAYIPALONAFKLGLSCTPMADLGLDALEDWSAHIPRHMMOPYYKDV
LLSLPPDIIMLDIKAYIPALONAFKLGLSCIPMADLGLDALEDWSAHIPKHIMQPYYKDV
VLSLPHDIIMLDIKAYIPALONAFKLGLSYTPMAEVALDALEDWSAHIPRYTMQOPYYKDI
VLSLPHDITIMLDIKAYIPALONAFKLGLSYTPMADEGLDALEDWSAYIPKHIMQPYYKDV
VLSLPHDITIMLDIKAYVPALONAFKLGLSYTPMADVALSALEDWSSHIPKNIMQPYYKDV
VLCLPHDIIMLDIKAYIPALOMAFKLGLSYPPLADVGLNALEEWSIYIPRHVIQPYYKDI
VLCLPHDITELDIKAYVPALOMAFKLGLSYTPLAEVGLNALEEWSLYIPKHTIQPYYKDI
LLSLPHNIIELDVRAYVPALOMAFKLGLSYTPLAEVGLNALEEWSIYIDRHVMOPYYKDI
VLSLPHDITELDVRAYVPALOMAFKLGLSHMPLAEIGLHALKEWSVHIDKSILQOPYYKDI

ek * ss sheosseseskkhkk e skhkkk * ek JK o kke k% * sk % o

( N-TERMINAL UNIT )

746
739
742
753
750
739
740
741
740
731
702
740
740
700
734
737
732
731

806
799
802
813
810
799
800
801
800
791
762
800
800
760
794
797
792
791
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LPHLDGYLKTTSSSEKDDSNMEVTFVSTGSSKGYGQVLLRLLKKSKRFSLGDESPIAAVR
LPHLDGYLKTAAF-NEAQNNWEGMNINNPSRKGGSKVLFHHTKKSKEFLVSEDSAITAVR
LPHLDGYLKTAAS-NEFESNWEMMSMNT-SSKGGNKVLIRRLKNARDLSMSEETPAAAVK
IPLLDGYLTNLSSTNESLSTLDMVRISRSLHKGFNKQLIQQLKRMKTLSVKEESSLTAVR
LPYLDGFLKTTASNDEEQNNWEVMSLSRSTEKGYGRVLMRLLKKAKRFSLTEDSPTALVR
LPCLDGYLKTAASNGSDONTWEVMCLSSGAEKGYGRVLLRLLKRTKHLSMAEDSPSAVVR
LPCLDGYLKTSISAGDTPSSWEVLRLSRASQKGDHKVLIRLLKKAKAVSLNEDSSLGAVR
LPYLDGYLKTASSADEYQNSWEVMRLSRAAQKGFNRFLVORLKKTKTLSLDQDVSLASIR
VPCLDSYLKTSASTDESQNNLEVKKLSKAIQKGMNKVVIQHLKKSKNLELEADPSLEAVR
LPLLDGYLKSSTSTVESQNNWEVRKLSQAAQKGRNKVVIQRIRRAKTLSVDNSPSLOAVR
LPLLDGYLKNSASTVEPQDNWEVRKISRAAQKGFNKVVIQHLRRAKTSL-VGDPSLEAVR
LPCLDGYLKTSTSTDDSQNNWEVKKLSQAVQKGSNKVVIQRLKKAKSLALEEDHSLEATIR
LPLFDGYLKTTGSADESQNNWEVRKLSRAAQKGFNKVVIQRLKKAKTLSLEDNLSLEAVR
LPLLDGYLKTATSPDEFQNNWEVKKLSQAVQKGFNKVVIQRLRKAKALSLNEDLSLEAMR
LPCLDSYLKTTALSDETKNNMEVTMLSRATQKGFNKVVVRHLKKAKATAPVEDLSLESVR
LPCLDSYLKTTALSDDNKDNEEVTVLSRAAQKGFNKVVIKHLKKSKTILSDAEMSLEAVR
LPCLDGYLKTSALSDETKNNWEVSALSRAAQKGFNKVVLKHLKKTKNLSSNEAISLEEIR
LPCLDGYLNTSTLSDETKSHWGLSALSRAAQKGFNRHVVKHLKRTRNSSPDEALSLEEIR

ek gk, ek, . k% s s e .. s .

( N-TERMINAL UNIT )

RRVVRLLGHLGGQLNRSLVTAVSAEDMMKRFVAWDCEKRLSFAVPFKDMKPVIYLDSFLP
RRIVRLLGSLGGONNRSLVTAVSAEEMMKRCIAWVTEKPLSFAVPFMDMKPIIYLDSFIP
KRVVRLLGSLGGQINRSLVAATSSEEMMKKCVAWVAERPLSFAVPFADMKPVIYLDSFLP
NRVVRILGSLGGQINRSLVTAASTEEMIKRHVSWDTEKRLRFDVPFKDLKPVIYLDMFLP
RRVVRLLGHLGGQINRSLVTATSAEEMMKKFVAWDSEKRLNFAVPFADMKPVIYLDTFLP
RRVVRLLGHLGGQLNRSLVTAASAEEMMKKFVAWDSEKRLTFAVPFADMKPVIYLDAFLP
GRVVRVLGSLGGQVNRSLVTAASSEEMMKKFVSWDTEKRLSFAVPFADMKPVIYLDSFLP
NRVVQILGSLGGQINQSLVTASCAEEMMKKYVSWDTEKRLSFAVPFVDMKPIIYLDSFLP
ARVVRLLGTLGGQINRHLITGTSAEEKMKKFVSWDIEKHLNFAVPFVDMKPIIYLDLFLP
TRVARLLGSLGGQINHNLITATSAEEMMKKCVSWDTEKHLSFAVPFADMKPVIYLDLFLP
TRVARLLGSLGGQINHNLITATSAEEMMKKCVSWDTEKRLSFAVPFADMKPVIYLDLFLP
MRVACLLGSLGGQINRNLVTAASAEERMKKFVSWDTEKHLSFAVPFADMKPVIYLDVFLP
TRVVRLLGSLGGQINRNLLTAASTEEMMKKFVSWDTEKHLSFAVPFADMKPVIYLDLFLP
SRVVQLLGSLGGQVNRSLVTAASEEEMMKKFVSWDSEKHLNFAVPFVDMKPVIYLDIFLP
TRVVRLLGSLGGQINRNIVTAASADEMMKKCVAWDTEKRLSFAVPFAEMKPVIYLDVFLP
AQVIRVLGSLGGQINRNLVTAASSDEIMKKCLAWDSEKKLSFAVPFAEMKPVIYLDVFLP
IRVVOMLGSLGGQINKNLLTVTSSDEMMKSYVAWDREKRLSFAVPFREMKPVIFLDVFLP
IKVVQILGSLGGQINKSLVTATS-GERMKKYVAWDAERRLSFAVPFREMKPVIYLDVFLP

s skk kkkk kg s s ok sk ke Kk Kk kkk sekkshkekk kok

( N-TERMINAL UNIT

866
858
860
873
870
859
860
861
860
851
821
860
860
820
854
857
852
851

926
918
920
933
930
919
920
921
920
911
881
920
920
880
914
917
912
910
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RVTELALSSSDRQTKVAACELLHSLVIYMVGKGAQMTEDD-KSAPPMYNLHRKVFPVLLR
RISELALSASDRQTKVAACELLHSVVAYTLGKGSQISEGQ---QETLYKLNRQLFPVLLR
RITELALSASDRQTKVAACELLHSVVAYMLGKGSQIAEGQ---QETMYKLNRHLYPVLLR
HITELALSTSDRQTKVAACELLHSIVAFMLGKATQMPDDKKTGSSPMYKIYKRTFPVLLR
RITELALSTNDRQTKVAACELLHSVVVFMLGKGSQIPEGE-KSTPPMYRLYKRIFPVLLR
RITELALSTSDRQTKVAACELLHSVVVCMLGKGSQIPEGE-KSSPPMYKLHKRIFPVLLQ
RIAELALSSSDRQTKVAACELLHSVVVYMLGKGSQIPERC-GGVPPMYRLYKRIFPVLLR
RVTELALSTSDRQTKVAACELLHSMVVYMLGKASQMPEKD-QSLPPMYQOLYKRTFPVLLR
RVTELALCASDRQTKVAACELLHSIVMFMLGKAAQIPEGH-KNSPPLFHLYKRMFPVLLR
HVTELALSASDRQTKVAACELLHGIVTYMLGKASQMPEGC-QGPPPMYHLHKRVFPVLLR
RVTELALSASDRQAKVAACELLHSIVAYMLGKASQMPEGC-QGPPPMYQLYKRIFPVLLR
RVTELALSASDRQTKVAACELLHSMVMYVLGKAAQIPEGQ-EVSQPMSHLYKRTFPILLR
RVTELALSASDRQTKVAACELLHSIVMYMLGTASQMPDGP-PGSPPMYQLYKRMFPVLLR
RVTELALSASDRQTKVAACELLHGLVMFMLGKASQMPEGR-QGSSPMYQLYKRTFPVLLC
RITELALSASDRQTKVAACEVLHSIVMFMLGKASQIPEGN-QGSPPMYQOLYKRTFPVLLR
RVTELALSSSDRQTKIAACELLHSMVMFMLGKASQIPEGK-LGPPPMYQOLYKKTFPVLFR
RVTELALTASDRQTKVAACELLHSMVMFMLGKATOMPEGG-QGAPPMYQLYKRTFPVLLR
RVTELALSASDRQTKVAACELLHSMVMFMLGRATQMPEG--QGLPPMYQLYKHTFPVLLQ
ssskkkk g kkkgkygkkkkskk gk I3

S A

LACDVDQVTROQLFEPLVMOLIHWFTNNRKFESQODTVAVLEAILDGIVDPLDSTLRDFSGT
LGCDVDTVTROQLFEPLVLOLIHWFTSNRKFESRDTVAMLEAILDGIVDPVDSTLRDFCGQ
LGCDVDKVTNQLFEPLVMOLIHWFTNNRKFESRDTVALLEAILDGIVDPVDSTLRDFCGN
LACDVDKVTEQLYKPLVMSLIHWFTNNKKFESODTVALLEAILTGIVDPVDSTLRDFCGQ
LACDVDQVTROQLYEPLVMOLIHWFTNNTKFESQODTVAMLEAILDGVVDPVDSTLRDFCGQ
LACDVDQVTROQLYEPLVMOLIHWFTNNRKFESODTVAILEAILDGIVDPVDSTLRDFCGQ
LACDVDQVTROLYEPLVMOLIHWFTNNKKFESQODTVAMLEAIMDGIVDPIDSTLRDFCGL
LACDVDQVTROLYEPLVMGLIHWFTNNKKFESQODTVALLEAILDGIVDPVDSTLRDFCGH
LACDVDQVTROQLYGTLVMELIHWFTNNKKFESODTVTLLEAILDGIVDPVDSTLRDFCGQ
LACDIDQVARQLYEPLVMOLIHWFTNNKKFESQODTVAFLEAMLSGIVDPVDSTLRDFCGQ
LACDVDQVTROLYEPLVMOLIHWFTNNKKFESQODTVAFLEAILGGITDPVDSTLRDFCGQ
LACDVDQVTROLYEPLVMOLIHWFTTNKKFESODTVTLLEAILDGIVDPVDSPLRDFCGR
LACDVDQVTROQLYKLLVMELIHWFTNNKKFESODTVALLEAILDGIVDPVDSSLRDFCGQ
LACDVDQVTROQLYEPLVMOLIHWFTNNKKFESODTVALLEAILDGIVDPVDSTLRDFCGQ
LACDVDQVTROQLYEPLVMOLIHWFTNNKKFESODTVALLETILDGIVDPVDSTLRDFCGQ
LACDVDQVTROLYEPLVMOLIHWFTNNKKFESODTMTLLETILDGIVDPVDSTLRDFCGQ
LACDVDQVTROLYEPLVMOLIHWFTNNKKFESODTVALLEAILDGIVDPVDSTLRDFCGR
LACDVDQVTROQLYEPLVMOLIHWLTNNKKFESODTVALLEAILDGIVDPVDSTLRDFCGR

* kkoek ko Kkko kke khkkhkkok *k hhkkkokkgo K*hkses kg kkskkghkhkkk X

985
975
9717
993
989
978
979
980
979
970
940
979
979
939
973
976
971
968

1045
1035
1037
1053
1049
1038
1039
1040
1039
1030
1000
1039
1039
999

1033
1036
1031
1028
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CIQEFVKWSIKQTTPKQOEKSPANMKSLFKRIYSLALHPSVFKRLGAALAFNSMYRQFRE
CVREFLKWSIKQTTPEQQAKSPANTKSLFKRLYSLALHPNTFKRLGAALAFNSLYREFRQ
CVREFLKWSIKQTTPEQQOKSPVNTKSLFKRLYSLALHPNTFKRLGAALAFNSLYREFRE
CIQEFLRWSIKQTTPDQOAKSPVNTTSLFKRLYSLALHPNAFKRLGAALAFNNIYRDFRE
CVQEFLMWSIKQTTPKQOEKSPANTKSLFKRLYSLALHPNVFKRLGAALSFNSIYRQFRE
CIQEFLKWSIKQTTPKQOEKSPANTKSLFKRLYSLALHPNVFKRLGAALAFNNIYKQFRE
CIQEFLKWSIKQTTPKQOESTPANTKSLFKRLYSYALHPGAFKRLGAALAFNNLYKEFRE
CIREFLKWSIKQKTPQOMEKSPVNTKSLFKRLYSLALHPNAFKRLGAALAFNNIYREFRE
CVHEFLKWSIKQTTPQQOOEKSPVNTKSLFKRLYSLALHPNAFKRLGASLAFNNIYQEFRE
CIREFLKWSIKQTTPROQOEESPANTKSLFKRLYSLALHPSAFKRLGAALAFNSIYREFRE
CVREFLKWSIKQTTPKQOEKSPVNTKSLFKRLYSLALHPSAFKRLGAALAFNSIYREFRE
CVREFLKWSIKQTTPQOOERSPVNTKSLFKRLYSFALHPNAFKRLGAALAFNSIYREFRE
CVREFMKWSIKQTTPQOOEKSPVNTKSLFKRLYSLALHPNALKRLGAALAFNNIYREFRE
CIREFMKWSIKQTTPQOOEKSPVNTKSLFKRLYSLALHPNAFKRLGAALAFNNIYREFRE
CVREFLKWSIKQTTPEQQEKSPVNTKSLFKRLYSFALHPNPFKRLGAALAFNNIYREFRE
CVREFLKWSIKQTTPQOQOEKSPVNTKSLFKRLYSFALHPNAFKRLGAALAFNNIYREFRE
CIREFLKWSIKQITPQOQOEKSPVNTKSLFKRLYSLALHPNAFKRLGASLAFNNIYREFRE
CVQEFLKWSIKQTTPQOOEKSPVNSKSLFKRLYSLALHPNAFKRLGAALAFNHIYKEFRE

keoekks Khhkkkk *k * ek k kkkkkokhkk hhkkk | eckkkkkokskk kg ohkkhg

ESSLVEQFVFEVLVVFVESLALAHFDEKSVGTVQQOCCSSLDHLKRIIKHKADSLN--INS
ESALVDQFIFEVLVVYVESLALAHADDNSLGTVQQOCCDAIDHLNRIIKQOKASALN--KPI
ESALVEQFVFEVLVVYVESLALAHADDKSLGTIQQOCCDCINHLKRIIKQOKAHELN--KPV
ETALVENFVFEVLVIYMESLALSHADEKSLGTTQQCSDAVDHLKRIITIRKAASLN--KAT
ESTLVDQFIFELLVIFVESLALAHTDEKSLGTLQQOCSDAIDHLKRIIKQKAASLNAEKTS
ESSLVDMFVFEALVIFVESLALAHSDEKSLGTLQOCSGAIDHLKRIIKHKAATLN--KSS
ESALVDKFVFETLVVYMESLALAHMDEKSLGTVQOCCDAIDHLKRIIEQKAPSLN--KAA
ENALVDQFVFEILVVYLESLALSHQODEKSLGTVQQOCCDAIDHLKRIITHKAPSLN--KTL
ENALVDQFVFEALVVYLESLALTHGDEKSLGTIQQCCDAIDHLKRIIKHKASTLN--QKS
ENSLVEQFVFEALVVFLESLALAHTDEKSLGTAQQCCDAINHLKRIIKHKAPSLN--KEG
ENSLVEQFVFEALVVFLESLALTHADEKSLGTTQQOCCDTINHLKRIIKHKAPSLN--RAG
ENALVDQFVFEALVLYLESLALTHGDEKSLGTTQQCCDAVDHLKRIIKHKASTLN--KES
ENSLVEQFVFEVLVVYLESLALTHTDEKSLGTVQQOCCDAIDHLKRIIKHKASSLN--KAE
ENSLVEQFAFEALIVFIESLALTHTDEKSLGTTQQCCDAIDHLKRIIKHKAPSLN--KAE
EDSLVDQFTFEALVIFLESLALTHADEKSLGTIQQCCDAIDHLKRIIEKKHISFN--EEK
EEALVEQFVFEALVIYMESLALTHADEKSLGTIQQOCCDAIDHLTRIIEKKHITLN--KPK
EESLVEQFVFEALVIYMESLALAHADEKSLGTIQQCCDAIDHLCRIIEKKHVSLN--KAK
EGSLVEQFVFEALVTYMESLALAHEDEKSLGTVQQOCCDAIDHLRRIIEKKHVSLN--KAK

* eskke Kk kk kg sekkkkkek keoskekk kkk | cekk kkk ok sk

1105
1095
1097
1113
1109
1098
1099
1100
1099
1090
1060
1099
1099
1059
1093
1096
1091
1088

1163
1153
1155
1171
1169
1156
1157
1158
1157
1148
1118
1157
1157
1117
1151
1154
1149
1146
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Supplementary Figure 1. DNA-PKcs, jawed vertebrates
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KRRIPRGFPADQ-SVCLSNVVLWLLTQCGRPQTECRHKSMELFFEFVPLLPGNSSPAMWL
KGRVPRGFPPDQ-PVSLKEVVMWLLTQCGRPQTECRHKCMVLEFYELVPLLPGNKTPSCWL
KRRVPRGFPADQ-MVCLTDVVMWLLTQCGRPQTECRHKCMELFYEFVPILPGARTASLWL
KRRIPRGFPQGN-TVCLFDIVLWLLEQCGRPQTECRHKAMOLFFEFVPLLPGNKPLTAWL
RRRVPRGFPPDK-PVCLLDVIMWLLVQCGRPQTECRHKCMELFYEFVPLLPDNKSPASWL
RRRVPRGFPPDK-PVSLTDVVMWLLVQCGRPQTECRHKCMELFYEFVPLLPGGKNPAVWL
TRRVPRGFSPDK-VFCLSDVVMWLLVQOCGRPQTACGHKAMELFYEFVPLLPGKKSPAAWL
KRRLPRGFPSTKSSFCLSDLVPWLLGOCGRPQTECRHKAIDLFCKFIPLLPGNKSPSSWL
TRRLPRGFPS-R-SICLEDVVMWLLROCGOPQTECRHKVMELLFEFVPLLPGNPSPSSWL
KRRVPRGFPPTK-SVCLEDIVMWLLVQCGRPQTECRHKAMELFYEFVPLLPGNKSPSSWL
ERRVPRGFPATK-TVCLLDIVMWLLVQCGRPETECRHKSMELFYEFVPLLPGNKSPSSWL
ORRLPRGFPPAK-SICLEDIVMWLFLOCGRPQTECRHKAMELFFEFIPLLPGSKSPSLWL
KRRIPRGFPNAK-SVCLLDLVMWLLVQCGRPQTECRHKSMELFYEFVPLLPGNQSPSLWL
KRRLPRGFQPAE-SLCLLDIVMWLMMOCGRPQTECRHKSMELFYEFVPLLPGNKSPSSWL
NRRLPRGFPNAR-SVRLLDLVYWLLGOQCGRPOQTECRHKSIELFYKFVPLLPGNKSPASWL
KRRLPRGFPPVQ-TLCLLDLVKWLLAQCGRPQTECRHKSIELFYKFVPLLPGNRSPSCWL
KRRLPRGFPPSA-SLCLLDLVKWLLAHCGRPQTECRHKSIELFYKFVPLLPGNRSPNLWL
KRRLPQGFPPLT-SLCLLDLVEWLLAHCGRPQTECRHKSMELFYKFVPLLPGNKSPSLWL

*ekskk * s Kkkg eskkekesk *k kk 2 ks ssekekk * %

DEQLKQRGPGFLISCLEGGG======== LLSQPTLREIEAPFSIRGTLOQWMDLLLAALDC
ADVLKERGVSFLIGKFESAGSDHAKCSGIIYQPTLKDLOEPFSVRAALQWMDMLLAALDC
EEILKRNGVSFLVNKFEGAGSDHDNCSGIICHPTLQALKEPFSVRAALQWMDMLLAALDC
DDQVEKEGIIFLINRFEGAGHSDGMHTGIFNIPALHDLHEPFSMHAVLOWLDMLLAALDC
DDILKKQGVAFLISRFESAGREDGGCSGILSQTTLHDLOEPFSLRAVLOWMDMLLAALDC
EDILKDEGEGFLIRRFEGAGRCDGDSSGLLSQATLRDLOGSFSVRAALQWMDLLLAALDC
DEVLKKQGVSFLIQKFEGGGNTDDRLSGILSQPTLCDLOEPFSLRAVVQWMDMLLAALDC
NDHLKEEGISFIISRFEGGGSDGDHQSGLIAQPTLCDLKEPFSLRAVVQWMDMFLAALDC
GDVLOKEGIYFLIKKFEGGGCEGENVSGILSHPTLYELQOGSFSLOAVVQWMDMLLAALDC
ADTLKKRTVTFLINKFEGGGTDAKSPSGILSQPTLHGMOEPFSLOAVMOWMDMFLAALDC
ADVLKEKGCSFLINKFEGGGRDADSPSGIFSRPTLHGIQEPFSLRTVMOWMDMFLAALDC
DDILRKQEISFLIKKFEGGGDEGKSVSGILSHPTLSGLODNFSLRAVVQWMDMLLAALDC
GDLLKKQGISFLINKFEGGGNDGDNLSGILSQPTLCDMOEPFSLRAVVQWMDMFLAALDC
GDVLKKQODSSFLINKFEGGGNQDDNLSGILSYPTLHHLOEPFSVRAVVQWMDMLLAALDC
NDILKEEGVSFLISRFEGAGTGNDHLSGILVWPTLLDLEGPFSLRAVLOQWMDMLLASLEC
TDILKKEDISFLINRFEGAGNASEHLSGILAQPTLFDLOGPFTLRAVVQWMDMLLAALEC
KDVLKEEGVSFLINTFEGGGC--GQPSGILAQPTLLYLRGPFSLOATLCWLDLLLAALEC
KDLIKKKGISFLINTFEGGASSSDQPAGILAQPTLVYLOGPISLRGVLOWLDLLLAALEC
. . . o % . .

*3: ¥ $22r .3 Fokookkokgk

1222
1212
1214
1230
1228
1215
1216
1218
1215
1207
1177
1216
1216
1176
1210
1213
1208
1205

1274
1272
1274
1290
1288
1275
1276
1278
1275
1267
1237
1276
1276
1236
1270
1273
1266
1265
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Supplementary Figure 1. DNA-PKcs, jawed vertebrates
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YNTFTNLRCLOQLORILGTCE-KSSFLPAVHFFLTELSMODIQAARACFRLGNAGQSHFSP 1333
YNTFVRLAMVKPSELLGTSQ-ETGFMKAMNFFLKTLARHDITAAEECFTLGVKGVL-FSP 1330
YNTFIGLHLVKPSKIMGTSE-NSSFLKALNFFLTNLARHDVTAAEESFAYGIKGIL-FSP 1332
YNTFIGMRFLKANTVLGKNAEKSSFLKAAFFFITSLSMENIKAAEQCMGSKS--S-VFSP 1347
YNTFIGLHLVKPHEVLGAKV-QSGFLKAIEFFITELAVQDISAAELCFSVGPKGAL-FSP 1346
YNTFIGLHFVKPQOILGTQE-KSSFLKAIGFFIAELTMQDISAAERCFSSGSEGSL-FSP 1333
YNTFIELRMINPREIFGTTS-VSGFLRAVEFFLTRLATQDITAAEQCFTAGSKDTM-FSP 1334
YNTFIWMRAIKPNEILSTTT-QSSFLRTCEFFLOQKLCLHDITAAEQCFRTGPSGNI-ASP 1336
YNTFIEPGMIKPSEIFASNT-GSSFLKSLEFFLGKIALYNISGAEQCFSSASKGDMLLSP 1334
YNTFFELOMIKPDEVLGVNE-SSLFLKAVQFFLDTIALHDIHAAEQCFDSSSKGSM-FSP 1325
YNTFFELRMIKPHEILGVNE-RSSFLKAVRFFLETIALHDIQAAEQCFDCGLKGSV-FSP 1295
YNTFIEQGMIKPNEIVATNT-ESSFMTSVEFFLEKLALKDVSGAEQCFNTASKGNI-FSP 1334
YNTFIEQGMIKPNEILGTKM-RSSFLRAVEFFLKTIVLHDISAAERCFDTGSKGNM-FSP 1334
YNTFIEQRMFKPENVLGTN---SSFLRAVEFFLETIALHDIHAAEQCFYTKSKDNV-FSP 1292
YNTFIEEKTVKAHEILGTQA-KSSFLRAISFFLERIAFHDITAAEQCFGTGSKGSM-FSP 1328
YNTFIEERATIKAQEILGTKA-KSSFLKAVGFFLENIALHDIRAAEKCFGTGIKGNV-FSP 1331
YNTFIGERTVGALQVLGTEA-QSSLLKAVAFFLESIAMHDITAAEKCFGTGAAGNR-TSP 1324
YNTFIEKETVQGQEVLGAEV-QSSLLKSVAFFLESIATHSARAVEQRFGSGAPGPP--SL 1322

* % %% . s s e * ke . . *

M-HEAT/CIRCULAR CRADLE ]

RETEQYNYSKCSIIVRMLEFSTMVLQKCPQDLWKLMEKDVFNSSLFTLVVLAVCEPSSIG 1393
REREEYNYCKCTIIVRIMEFACLILEGLQODCWKVLEKDLLNSDLFELIAMVVIDPTSIG 1390
REREDYNFNKCTIIVRIMEFVSMVLEDCQODFLKMLEKYLLNSTLFELVATVVIDPPSIG 1392
HEIEAYNYSKCTIIVRIMEFITMFIDICQODSLKILENSVFNEPMWELIAITVCDPSSIG 1407
KEREDYNYSKGTIIVRMMEFVSMVLENCOQPEFWKLLEQNILNPTFFELITTTVCDPSSIG 1406
REREDYNYCKGTIIVRLMEFVTMVLDKCSQDLWKVLERDILHLTFFELIATTVCEPSSIG 1393
REREDYSYSKCTIIVRILTFVSMVLEKCQPDLWKVLEKDLLTPALLELTVRTVCEPASIG 1394
QEREDYNYSKCTIIVRIMEFVSMILENCQODFWRLLEKDLLNNNLVELTVLTVCDPSSIG 1396
HEREEYNYSKCTIIVRIMVFGSMILETHQOHVWKLLEKELLNENLIKLVVKTICDPESVG 1394
QOERDKYNYSKCTIIVRILEFVTVILEMCQODFWKLLEKELLNASFIELVVMTVCDPSHVG 1385
QEREVYNYSKCTIIVRSMEFVTMVLESCQODFWKLLEKELLNASFIELLVMTVCDPSHVG 1355
QEKEDYNYSKCTIIVRIMVFVSMILETCQODFWKLLERELLNKNLIELTVRTVCDPKSIG 1394
QEREEYNYSKCTIIVRIMAFVSMILETCQODFWKLLEKELLNANLIELLVRIVCDPANIG 1394
QEREEYSYSKCTIVVRIIRFVSMILETCQODFWKLLEKELLNLNLIELLVVTVCDPSAVG 1352
QEREEYNYSKCTIIVRIMEFATMLLNTYQ-DTWKLLEKDLLNATFMELVVEIVCDPSSIG 1387
QEREEYNYSKCTIVVRIMEFSSMLLNTCQ-DVWKLLEKDLLNAYFMELLVKTLCDPSSIG 1390
QEGERYNYSKCTVVVRIMEFTTTLLNTSP-EGWKLLKKDLCNTHLMRVLVQTLCEPASIG 1383
HEEEKYNYSKCTVLVRIMEFTTTLLIASP-EDCKLLEKDLCNTNLMQVLVKMICEPMSLG 1381

:* . * . * :::** H * . e o o o . . . . :* :*

[ M-HEAT/CIRCULAR CRADLE ]
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FNMADLEVMTHLPEVCFPLLKALASAPYRTQLESCIRMRITKOSVEELCAIDLYETDTRN
FNMADVQVMKNLPNVCVKLLNAVMKSPFKETLVDSVRKRITAQSIEALCNVDLYSPGART
FNMADVQVMKGLPDICVRLMKAALRSPYQESLECSMKKRLKSOSIEDLCNVDLYSQ---S
FNTADVEVINNLPNICIKLMKALGNTSYRSSLEVSLKKRVTLOSIEELCSVDLYDPGARF
FNMADVEVMKNLPDICVRLLKALAKSPYKGQLEISMKRRISYKSVEELCGVDLCNVDARS
FNMADMEVMTNLPEVCVHILKALLKSPYKTQLEQSIRRRVSQONVEQLCAVDLYGSEARS
FNTADVQVMKNLPEICVRLLKALMKSPYKDTLEASIRKRITARSIKELCSVDLYNPDARL
FNVADVQVMKNLPDVCIKLLKGLMKSPFKNDLEFSIKKRITSESIKDLCDVDLYNQDARH
FNIADVQVMENLPSICVRLVKALMKTPYNESLENSIKEIITMKSIEELCTVDLYNPEARL
FNTADVQVMKKLPDISVRLMKALMKSPYQESLKLCLKERITPOSLEDLCSVDLFNSEARL
FNTADVQVMKNLPDISVRLMKALMKSPYKESLKLSLKERLTPOSLEDLCSVDLFNSDARF
FNTADVQVMEKLPDICVRLIKALMRSPYKESLVTSMKKVITPESIEEFYGVELYNPDSRL
FNTADVQVMKNLPDVSVRLIKALMKSPYKESLELSIKDRITSOSIEELCSVELYNPDARF
FNTADVQVMKNLPDNTVRLMKALAKTPYKSSLELSIKKRITSHSIQELCSVDLYDPDARF
FNVADVQVMSNLPDVCVSVMKALKKSPYKDALEGNIKKRVTAQSIEELCTVDLYKPDARF
FNIADVQVMNNLPNVCVNLLKALKKSPYKESLEINIKKRITPOSIEVICAVNLYNSDARF
FNIGDVQVMAHLPDVCVNLMKALKMSPYKDILETHLREKITAQSIEELCAVNLYGPDAQV
FNIGDVQVMNHLPSICVNLLKALRKSPYRDMLETHLKEKVTVQSVEELCSINLCSSGARQ
. . oo . e o %

¥k kpok:  *%, . 222 I HE

[ M-HEAT/CIRCULAR CRADLE ]

SHASMNLLLSACROQLHQSGLLNSVLHSODASYGCSLGSKLLTSVYKSIAPGTDRKSLPSM
DHAGLRSILSACQQLHKADLLNSAIDCEAGSLSSSLSLKLLSVVYKGIAPGDERKSLPSI
DHAKLNSILLACKQLHKAGLLNSVLKCQOIGSIVPPLNLKLLSTVYKGIAPGDERKSLPTM
NRVKLGSVLSACKQLYKAEFFNSIVPEQVGGQ--RFGSKLLSVVYKGIAPTNERKSLPSL
DRARLVFVLSACKQLHKAGLLNSALQSOAASFGLSLGSKLLSVVYKGIAPGDERKSLPSM
EHARLALVLSACKQLHRAGLLNSTLQOSOAASFGLSLGSKLLSVVYKGIAPGDEKKSLPSM
DHIRLGSILSACKQLYDAGLLNSAVQYOSGDFNLQLGSTLLSVVYKGIAPGDERKSLPSI
YHARIGSILSACKQLHKAGLLNSVLOSOTAGLQFTVGSKLLSVVYKGIAPGDERKSLPSL
DHVRYIAILSACRQLHKAGVLHCILQSKGADLQFETGSKLILVVYKGIAPGDEGRSLPSL
DOVRFGAVLSACKQLOKSGLLHSVLHGODEGSHF SVGSKLLSVVYKGIAPGGERMSLPCL
DOVKYSAILSACKQLOKAGLLHSVLHNODEVPHFSLGCKLLSVIYKGIAPGAERLCLPSL
DHVRLGAILSACKQLHRVGLLHCTLQOSOGVGLHCEAGSKLLLVIYKGIAPGDERKSLPSL
DHVRLSSILSACRQLHKAGLLHSTLOSOGSGLHFTVGSKLLSVVYKSIAPGDERKSLPSL
DRVRISSILSACKQLHKAGVLHSVLQOSOGSGLHFTVGSQLLSVVYKGIAPGDERKCLPSL
DRPRLASILSACKQLORAGLLHAAVHPOASHLORPGSTKLLSVVYKGIAPGDERQSLPSL
DRANLASLLSACKQLHKAGLLHSTVESQOATDLPHPIGTKLLSVVYKGIAPGDERTALPSL
DRSRLAAVVSACKQLHRAGLLHNILPSOSTDLHHSVGTELLSLVYKGIAPGDERQCLPSL
ERSKLLSILSACKQLHKAGFSHVISPSOSTALNHSVGMRLLSLVYKGIVPAEERQCLQSL

HEE A . koo ooxx Rk Lx o %

[ M-HEAT/CIRCULAR CRADLE ]

1453
1450
1449
1467
1466
1453
1454
1456
1454
1445
1415
1454
1454
1412
1447
1450
1443
1441

1513
1510
1509
1525
1526
1513
1514
1516
1514
1505
1475
1514
1514
1472
1507
1510
1503
1501
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DVGSRKLADRLVQLSFCLGDQSEQTVGLLLNTITLSVPLSGSLNPHFLSFSHGEYFYSLF
DVSSKQLADGLLOLSFSLGGQCEELVSLLLNTMELSVPLSGATQKNFITFSHGEYFYSLF
DVSSKMLADGLLOLSFSLGGQCEELVSLLLNTVELSVPLSGASQRHFISFSHGEYFYNLF
DISSKRLAEGLLELAFMFGGQCEELVSLLLNTVILSVPLPGTSQRNIINFSHGGYFYTLF
DVSSRKLADGLLOLAFSLGGQCKELVDLLLNSIMLSVPLSDTSQKNFITFSHGEYFYSLF
DVSSRRLADGLLOLAFSLGGQSEQLVSLLLNTIMLSVPLSGTSDKNFISFSHGEYFYSLF
DISSKRLADGLLOLAFSFGLQSGELVCLLLNRVTLSVPLSGTSQRNFITFFHGEYFYNLF
DISSKRLADGLLOLAFDLGGQCDELVSLLLNTVKLSVPLSGTSQRNIISFSHGEYFYSLF
DIGSKRLAEGLLHLAFAFGVRCTELVSLLLNTLMLFVPLSGAAQESLINFSHGEYFYSLF
DLSRKRLADSLLOLAFATIDEQCEELVSLLLNTVVLSVPLSEASQNQLMNFSHGQYFYSLF
DISKKRLADGLLOLAFAIDGQCEELVSLLLNTVVLTVPLLGASRKNLVNFSHGEYFYSLF
DMSSKRLAEGLLOLAFAFGVQCKELVSLLLNSLMLSVPLSGVSQRNLISFSHGEYFYSLF
DISSKRLADGLLOLAFAFGGQCEELVSLLLNTMMLSVPLSGTSQRSLISFSHGEYFYSLF
DISSKRLADGLLOLAFAFGCQSEELVSLMLNTAMLSVPLSEAAPRNLLSFCHGEYFYNLF
EISSKQLASGLLELAFAFGGLCEELVSLLLNTVVLSVPLAGTSQRNLISFSHGEYFYNLF
EISSKRLASGLLELAFAFGGLCEELVNLLLNTVVLSVPLSGTCQKNLINFSHGEYFYSLF
DLSCKQLASGLLELAFAFGGLCERLVSLLLNPAVLSTASLGSSQGSVIHFSHGEYFYSLF
DPSCKSLANGLLELAFGFGGLCDHLVSLLLNSAMLSTQYLGSSQR-NISFSHGEYFYSLF

s . s Kk ke Kok * kek*x * * k% kkk k%

[ M-HEAT/CIRCULAR CRADLE ]

QTSLNTELLRSVDRSVPLLLSSANQONPSMVSVLLNGMLDHSFRERSVRKSQGSQLAEQVL
SETINAELLKSLKSAVTQLMRSASENPKMVSTVLNGMLDQSFRDHTVRKTQGVLLVSAVL
PETINSELLRNLNSAVAQLMTSARENPKMVSAVLNGMLDHSFRDHTVRKKQGIYLVSAVL
AETINTELLNNLDTIVVELMKSSLEDPKMVSCVLNGMLDQSFRORTIRKQQGVKLVNAVL
QETINSELLKNLDTTVAQLMKSAAENPKMVSMVLNGMLDQSFRERSVRKTQGSQLVGGVL
QOOTINIELLGSLDSTVPQLMSLAAENPKMVSAVLNGMLDQSFRDRSVRESQGRQLVKRVT
METTNSELLRNLSTAVSQLMNSAAENPKMVGAILNGLLDQSFRNRTVRKQOGSQLVDTVL
SETINTELLKNLNTAILQLMKSSVDNPRMVGTILNGMLDQCFRDRTVRKQQGVKMVIAVL
LEITINRELLKNLEIAVLELMKSALDSPKMVSTVLNGMLDQSFKDRATCKQQOGVKLVAATIL
SETINQOLLKNLDVFIVRLMKSSISNPOMVGSILNGMLDQSFRDRAVRKOQOGAKLVTAVL
SETINEQLLKNLDVIILQLMESSVSNPOMVGSILNGMLDQSFRERTIRKQQGVKLVTAVL
SDTINRELLKNLDVAVLHLLKSSLDSPKMVGTILNGMLDQSFRDRAVHKQQOGVKLVNAIL
SETINQELLKDLDVAILQLMKSSVDSPKMVGTILNGMLDQSFRERAVRKOQOGIKLVTAVL
SETINHELLKNLDVAILQLMKSAVDNPRMVGTILNGMLDQSFRERTVRKQQOGMKLVTAVL
SATINTELLKNIDTAVLELMKSSVDNAKMVGTILNGMLDQSFRDRIVRKQQOGEKLVDAIL
SEVINTELLKNLDTAILELMKSSVDNAKMVGAILNGMLDQSFRDRAVRKQOGMKLVATIL
SETINTELLKNLDLAVLELMQSSVDNTKMVSAVLNGMLDQSFRERANQKHOQGLKLATTIL
SEVINSELLKNLDIAVSRLMESSSDNPKMVSTVLNGMLDTSFRDRAVOKHQOGLKLATAIL

* sk*k . . * e A kk | eskkkeskk ke s k%

[ M-HEAT/CIRCULAR CRADLE ]

1573
1570
1569
1585
1586
1573
1574
1576
1574
1565
1535
1574
1574
1532
1567
1570
1563
1560

1633
1630
1629
1645
1646
1633
1634
1636
1634
1625
1595
1634
1634
1592
1627
1630
1623
1620

15



Supplementary Figure 1. DNA-PKcs, jawed vertebrates

DANIO
MILII
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE

DANIO
MILII
BAMBOO
XENOPUS
STERLET
GAR
LATIMERIA
CAECIL
SNAKE
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
PLATYPUS
TASDEVIL
HUMAN
MOUSE

KGWDLLRPWWDGPAATPESKTSVLSLLAKVLOIDSSVCSNTSHPAFNAVFTTFTALLTDV
TNWTRLESWWSENS-SAESKMAVLTLLSKVLOIDSSVSFSSNHEAFAMVFHTYTTILTDS
SNWAKLDSWWSVKS-SPESKMAVLTLLSKVLQIDSSVSFGNSHDAFSMVFQTYTTILTDS
ENWRRLDSWWYKDS-PSESKMAVLTLLAKVLOIDSSVCFDINHSAFAEVFKTYTSILTDQ
GSWTSLQOSWWASSS-SAESKMAALTLLSKVLOIDSSVSFNTSHLAFAVVFSTYTTLVTDS
OAWSSLGSWWSSPASTSESKMATLTLLSKVLOIDSSVCFNVNHEAFEAVFTTYTALITDS
ONWTKLSSWWIRSS-SPESKMAALTLLSKVLOIDSSVSFNPNHAAFPAVFNTYTTLLTDQ
ONWKKLDSWWDKNS-APESKMAVLTLLAKVLOIDSSVSSNAHHEAFSAVFNTYTSILTDQ
KNWGHLDHWWAKDA-SPESKMSVLTLLAKVLOQIDSSVSFT-HHEAFPNVFNTYTCLLMDQ
RNWEKLDGWWAKGS-SAESKMALLTLLAKVLOIDSSVSFNTNHEAFTAVFNTYTSLLTDQ
RNWKRLDSWWAKGS-APESKMAVLTLLAKVLOIDSAVSFNTNHEAFTAVFSTYTSLLIDQ
KNWVHLDNWRTRDS-APESKMAVLTLLAKVLOIDSSVSFSTQHEAFSDVFNTYTSLLTDQ
RNWMRLDSWWAKDS-APESKMAVLTLLAKVLOIDSSVSFNTNHEAFSAVFNTYTSLLIDR
RNWMRLDTWWAKDS-APESKMAVLTLLAKVLQVDSSVSFNTKHEAFFAVFNTYTSLLVDQ
ONWKRLDTWWAEDS-TPESKIAVLTLLAKVLOIDSSVSSNTNHAAFSAVFNAYTSLLIDK
ONWKKLDTWWAKDS-VPESKMAVLTLMAKILOIDSSVSFSINHGAFLDVFTTYTSLLDDP
OHWKKCDSWWAKDS-PLETKMAVLALLAKILOIDSSVSFNTSHGSFPEVFTTYISLLADT
ONWRKCDSWWAPDS-APESKTTVLSLLAKMLOIDSALSFDTNHSSFSEIFTTYASLLADT
* *

: *ok g kekgogkokkokkaog, I A T

[ M-HEAT/CIRCULAR CRADLE

SMPLNLKSQOALIMLPFFTALPSMPLEELRRALESLVATHFPMOSDEFPRGSLOCNNYMDC
TLALNLKSQAMIILPFFAHLPEENLAVLRHALDQFVAAHFPMKSDEFPKGTLKYNNYVDA
TLALNLKTKAVIILPFFTQLPEENLVTLKNALNHF IASHFPMKSDEFPKGTLRYNNYVDC
KLGLNLKSQAIIILPFFTKLTGEKLTELKNTLDQFVASNFPMKSDEFPKGTLKFNNYVDC
TLPLNLKSQALIILPFFTNLLGSTLADLHNALEVLVASHFPMOSDEFPKGTLRYNNYIDS
ALPLNLKNHGLIILPFFTNLPESTLAELORALEMLVASHFPISSDEFPKGTLRYNNYVDT
TLALNLKSQAVIVLPFFTNLPEDHLADLKNALDQLVAFNFPMKSDEFPKGTLKYNNYVDC
KLGLNLKSQAIIILPFFTNLTGDSLNDLKNALDQLVAFNFPLKSDEFPKGTLKYNNYVDC
KLGLHLKSQAIIILPFFTELVGEGLHKLKHALDQLVAYNFPLTSDEFPKGTLKYNNYVDC
NLGLNLKGQAVIILPFFTNLTGEKLNDLKNALDQLVAFNFPMRSDEFPKGTLKHNNYVDC
NLDLNLKSQAMIILPFFTNLTGEKLNDLKNALDQLTIAFNFPMRSDEFPKGTLKHNNYVDC
NLGLNLKSQAVIILPFFTNLVGERLVDLKNVLDQFVAFNFPLRSNEFPKGTLRYNNFVDC
NLGLNLKSQAVIILPFFTNLTGDRISELKNALDQLVAFNFPMKSDEFPKGTLRYNNYVDC
NLGLNLKSQAVVILPFFTNLTGERLKELKDALDQLVAFNFPMKSDEFPKGTLRYNNYVDC
KLGLNLKSQAVLILPFFTNLTGDRLNDLKNALEQFVAFNFPMNSDEFPKGTLRYNNYVDC
KLGLNLKGOALIILPFFTNLTGERLEDLKLALEKLVASNFPMTSHEFVQGTLKYNNYVDC
KLDLHLKGOAVTLLPFFTSLTGGSLEELRRVLEQLIVAHFPMOSREFPPGTPRFNNYVDC
KLGLHLKGOAIILLPFFTSLREGSLENLKHILEKLIVCNFPMKSDEFPPDSLKYNNYVDC

s kekk g s skkkke * . * s ke s sekks *k k% s 2 kg

[ M-HEAT/CIRCULAR CRADLE

1693
1689
1688
1704
1705
1693
1693
1695
1692
1684
1654
1693
1693
1651
1686
1689
1682
1679

1753
1749
1748
1764
1765
1753
1753
1755
1752
1744
1714
1753
1753
1711
1746
1749
1742
1739

16



Supplementary Figure 1. DNA-PKcs, jawed vertebrates
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IRKFLEALOQLSQSPLLLKLMARVLCRDKKHIMEELFQACFQKIAHQSYLGKQVLLLSSTY
IKKLLDALELSQSPMLLKLMIATILCRDSRHVMEEGFQVCFQRLAKTGSCEKQVALLEAVY
VKKLLDALELSQSPLLLOILTEVLCRDNRHVMEEAFQICFQNIAKRGTCEKQVALLEAAY
IKKFLDALELSQSPMLLOLMTEILCRDERHFMEELFQSSFKKVIKRSSCDTQVILLNTLH
IKKFLDALELSQSPMLLKLMTGILCRDNKHVMEELFQTCFKRIARRGSCEKQVSLLDTVY
IKKFLDALELSOQNPMLLKLMAEILCRDKKHVTEELFQACFKRIARRSGCERQVVLLETVY
IKKFLDALELSQSPMLLRLMTEILCRDSKHCLEELFLRCFKKIVRRGSCDRQVTLLDTVY
VKKFLDALELSQSTMLLKLMTEILCRDTKHFMEELFLTSFKRIARRGNCDKQVALLETVH
VKKFLDALELSONSTLLELMTEILCRDNKHIMEELFEINLKRIAKRGSCERQVLLLDTVH
TKKFLDALELSQSPMLLOLMTEILCRDNRHFMEDLFQASFKRISRRSPTDKQVLLLDTVH
TKKFLDALELSQSPMLLOLMTEVLCRDHRHFMEGLFQASFKRISRRSNSDRQVVLLDTVH
TKKFLDALELSQSPMLLOLMTEILCRDHRHIMEEQFEISFIRTIARRGSCYKQVVLLDTVH
TKKFLDALELSQSPMLLOLMTEILCRDHRHFMEDLFQTSFKRISRRSSYEKQVVLLDTVH
TKKFLDALELSQSPLLLOLMTEILCRDHRHCMEDLFQTSFKRVIKRSDCNKQVVLLDTVY
TKKFLDALELSQSPMLLOLMTEILCRDOQRHFMEELFQMSFKRIARRSGSAKQVALLEAVH
TKKFLDALELSQSPMLLOFMTEILCRDOQRHVIEELFQTTFQRISKRSSSATQVALLDTVH
MKKFLDALELSQSPMLLELMTEVLCREQQOHVMEELFQSSFRRIARRGSCVTQVGLLESVY
MKKFLDALELSQSPMLFOLMTDILCREQRHIMEELFQTTFKRIARQSPCVTQLNLLESVY

skhekokkghkk ke, e cekkks ok * * . e o ke kk s o

[ M-HEAT/CIRCULAR CRADLE

QOSFQAKEVPSNFMLMGLIDRVLLPLASHCSPQALSQFFISNIADIMTTLQTRFTKSVESV
GMFENEGGLSNIARQSVMDRSLLTLITHCSLDALKEFISKIIKDAMGILQSRFTKTSESS
EMFRNEEMLPNATRQFAMDRSLLTLIGHCSPDALREFFCKIVKDAMEILQSRFTKTNESS
NMFKSESLMLNGTLQSLIDRCLLTLLWNCSLDAMISFFTNIISLAMDTLKSRFTKVPEAA
OMFQONDELHSNTARQAVLDRSLLTLTLHCSSDALKEFFCTTVGDIMGTLOQARFTKSSEST
EMFQAGELASGAMRQAVLDRVLLTLVLHCSSDALRGFFCKTIASVMETLOQARFTKLNEAM
KMFQDEGLLSNTTRQAIMDRTFLTIMLNCSIDALKEFLCKNILDVMGTLQARFTKSNESA
DMFKTENLWSNTTRQTIVDKSLLILIWHCSLDALKEFFCKIIIHTMDTLKGRFTKSNELA
OMFQSETLHSNITRQAYVDRCLLILLLHCSLDALKEFLSKIITIEAMDTLKSRFTKSNETS
KMFQSEELLSNAARQAFVDRSLLTLLWHCSLDALRVFFGKIIVEAMDTLNSRFTKSHEHT
KMFQSEDLRSNVTRQAFVDRSLLTLLLHCSLDALREFFGTIIVQAMDTLNSRFTKSNEST
KMFQSETLLSSATRQAYVDRSLLTLLLHCSTDALDDFFCKIIVEAMDSLTSRFTKSNETM
KMFQSEALLSNATROQAFVDRSFLTLLLHCSLDALKDFFSKIVLEAMDTLKTRFTKSNESA
KMFQSESLLSNVTROQAFLDRSLLTLLLYCSLDALKEFFSKIVVEAMDTLKSRFTKSNETV
GMFLRDDHLSSTTRQAFVDRSLLTLLLHCSLDALKEFFYRIIVGAMDMLKSRFTKSNEST
RMFQKDD-LSNIPRLACVDRCLLTLLWHCSLAALREFFSSIIVEALDVLKSRFTKLSEST
EMFRKDDPRLSFTRQSFVDRSLLTLLWHCSLDALREFFSTIVVDAIDVLKSRFTKLNEST
TMFRKADLPSNVTRQAFVDRSLLTLLWHCDLDTLKEFFSRIVVDAIDVLKSRFTKLNEFT

* sk ok g * ] * e . H * * k%% *

[ M-HEAT/CIRCULAR CRADLE ]

( NUC194

1813
1809
1808
1824
1825
1813
1813
1815
1812
1804
1774
1813
1813
1771
1806
1809
1802
1799

1873
1869
1868
1884
1885
1873
1873
1875
1872
1864
1834
1873
1873
1831
1866
1868
1862
1859
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Supplementary Figure 1. DNA-PKcs, jawed vertebrates
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FESQIMMKIGCCKLLEVLYSRLPKEEVYSKNSAINQAFCGTGC-AEGNEL-SKNLLKSCF
FDNQLTRKIGCYKLLEVTYIRLPKDDIYSEDSKINRAFHSSSN-MEGNKLLSKSLLKLCY
FDNQLTKKIGCYKLFEVMYTRLPKNDVYTDGSKIIQAFHSAGN-IEGNKL-SKTLLKSCY
FDSQITKKWGYYKMLEVQYSRLSKDEIYST---VNNAYHVSSK-PEGNEL-TKALIKLCY
FETQLTKKNGCYKLLEVLYSRLPKEDVYSKESLINQAFCRPNK-AEGNEL-SKSLLKSCF
FEGQLIKKNGCYKLLEVLYSRLPKEEVYSKESKINQGFCGPSRAAEGNEL~-SKTLLKSCF
FDTQVTKKTGCYKLLEVMCSRLPKDDIYSEQSRINQAFHGSCS-AQRNGL-SKTLLKLCY
FDAQIMMKMSYYKMLEVMYSRLTKEDIYSKGSRINQAFHGSSN-AEGNEL-TKILVKSCY
FETQLIKKISYYKILEVMYSRLSKEDVHSKDSRINQVFQRSTH-VEGNEL-TKLLIKSCY
FDTQVTKKMGYYKLLEVMYVRLSKEEVYSKDSKINQAYRGSMS-VEGNEL-TKTLIKSCY
FDTQVTKKTGYYKVLEVMYVRLSKEDVYSKDSKINQAYCGSIS-VEGNEL-TKTLIKSCY
FDTQLTKKMSYYKILEVMYSRLSKEDVYSKDSRINQAFLRSTC-VEGNEL-TKTLIKSCY
FDTQVTKKMGYYKILEVMYSRLSKEDIYSKDSRINQAYQGSTN-VEGNEL-TKTLIKSCY
FNTQVIKKMGYYKILEVLYSRVSKEDVHSKDSQINQAYQGTTN-VEGNEL-TKMLIKSCY
FDTQVTKKLGYYKMLEMMYSRLPKDDVHSKESRINRAFHGSSV-IEGNEL-TKTLIKSCY
FDTQVTKKLGYYKMLEVLYSRLPKDDVHSKESRINQVFHGSSI-VEGNEL-TKTLIKLCY
FDTQITKKMGYYKILDVMYSRLPKDDVHAKESKINQVFHGSCI-TEGNEL-TKTLIKLCY
FDTQITKKMCYYKMLAVMYSRLLKDDVHSKEAKINOQAFHGSRV-AEGNEL-TKTLLKLCH

ke kg * *se ¢ ko khoooooe e * Kk ek kek K

[ M-HEAT/CIRCULAR CRADLE ]

( NUC194 )

EAFTENMTGEMVLLELRRQFHCAAYNCAIALISCSFNETKFYQGFLFTEKPDKNQFIFDN
DAFTENMTGEKQLLEKRRQYHCAAYNCIMAVVTCIFTEAKFYQGFLFSEKAEKNIFIFEN
DTVTENMTGETQLLEKRRQYHCAAYNCMIAILCCIFTEAKFYQGFLFSEKPEKNIFILEN
DTFTENMCGETQLLEKRRQYHCAAYNCAISLISCVFSELKFYQGFLFTEKKEKNLLIFEN
DTFTENMAGETQLLEKRRKYHCAAYNCAITVISCSFNETKFYQGFLFSEKPEKNQFIFEN
EAYTENMAGETQLLEERRQYHCAAYNCAIAVISCSFNETKFYQGFLFTEKPEKNQFIFEN
DEFTENMAGETQLLEKRRQYHCAAYNCAIAVISCIFTESKFYQGFLFSEKPEKSLYILEN
DSFSENMAGETQLFEKRRQYHCAAYNCAIAVISRAFTDAKFYQGFLFTEKTEKNLLIFEN
DAFTENMSGETQLLENRRQFHCAAYNCAIAVISCVFNENKFYHGFLFTEKPDKNLLIFEN
DAFTENMAGESQLLEKRRQYHCAAYNCAIAVISCVFTESKFYQGFLFSEKSEKNLLIFEN
DAFTENMAGESQLLEKRRQYHCAAYNCAIAVISCVFTESKFYQGFLFTEKTEKNLLIFEN
DAFTENMTGETQLLEKRRQYHCAAYNCAIAVISCVFNESKFYQGFLFTEKPDKNLLIFEN
DAFTENMAGESQLLEKRRQYHCAAYNCAIAVISCVFTESKFYQGFLFTEKPEKNLFIFEN
DAFTENMAGESHLLGKRREYHCAAYNCAIAVISCVFTESKFYQGFLFTEKPEKNLLIFEN
DAFTENMAGETQLLEKRRQYHCAAYNCAIAVISCVFNETKFYQGFLFTEKPEKNLFIFEN
DAFTENMAGETQLLEKRRLYHCAAYNCAIAILCRVFSEMKFYQGFLFTEKPEKNLFILEN
DAFTENMAGENQLLERRRLYHCAAYNCAISVICCVFNELKFYQGFLFSEKPEKNLLIFEN
DAFTENMVGESQLLEKRRLYHCAAYNCAISLISCVFNELKFYQGFLFNEKPEKNLFIFEN

s skkk kk kg kk skkkkkkk gsgss k3 kkkokkkk *k ok kg%

( M-HEAT/CIRCULAR CRADLE )

PR

NUC194 )

1931
1928
1926
1939
1943
1932
1931
1933
1930
1922
1892
1931
1931
1889
1924
1926
1920
1917

1991
1988
1986
1999
2003
1992
1991
1993
1990
1982
1952
1991
1991
1949
1984
1986
1980
1977
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LIDSQRVYNFPIEIDVPIERKKKYVMIRKEVSG---ENGDAPVYLSSQSYMADSSLSEEM
LIEAHRTYNFPVEIEVPLEKKRRFISIRKEAREAGDGDSGEPQYLSSQSYMADSSLSEEM
LIDSQRAYNFPVEIEVPVEKKRRYFAIRKEARESAEGDSDEPHYLSSQSYMVDSSLSEEM
LIDLORNYTFPIEVEVPMERKKKYFAIRKEARDASSTESDEPSYLSSQSYMADSSLIEEM
LIDAKHTYSFPVEIEVPLERKKKYVAIRKEARQGGEGDSDEPHYLSSQSYMADSSLSEEM
IIDAQQTYRFPVEIEVALERKAKYVAIRKEAREAGDRDAEEPHYLSSQSYMADSSLSEEM
LIDMKCSYNFPIEIEVPIEKKRKYVAIRKEARGSTIGDLDEPQYMSSQSYMADSSLSEEM
LIDLORCYTFPVEVEVPLERKKKYVAIRQEARNTANGESDAPHYLSSQSYMADSSLREEM
LLDLOHRYSFPIEIEVPLEKKKRYITIRKEARQTMSGDSAEPRYLASASYMVDSSLSEEM
LIDLKREYTFPVEIEVPLERKKRYIAIRKEARDAGNSSQDEPKYLASSSYMMDSSLSEEM
LIDLKRQYSFPVEVEVPLERKKRYIAIRKEARDSGNGNEDEPKYLPSASYMMDSSLSEEM
LLDLOHRYSFPIEVEVPLERKKRYIAIRKDAREAMSVDSAEPHYLASASYMADSSLSEEM
LLDLKHRYSFPVEVEVPMERKKRYITIRKEARDAVNRDSDEPQYLPSASYMVDSSLSEEM
LIDLKHQYSFPVEIEVPMERKKRYIAIRKEARDTVNGGPDEPQYLPSASYMVDSSLSEEM
LIDLKRCYTFPVEIEVPMERKKKYIAIRKEARDSVNDNSDEPHYLSSLSSMADSSLSEETI
LIDLKHCYTFPVEVEVPMERKKRYIAIRKEARDAANGDSEGPHYLSSLSYMADSSLSEEM
LIDLKRRYNFPVEVEVPMERKKKYIEIRKEAREAANGDSDGPSYMSSLSYLADSTLSEEM
LIDLKRCYTFPIEVEVPMERKKKYIEIRKEARDAANGASGSPHYMSSLSYLTDSSLSEEM
* kkgkgek skek s, Kkkgs, * kg *x * khok kk

e e e o

[ M-HEAT/CIRCULAR CRADLE ]

NUC194

SQFDFSTGVQSFSYN
SQFDFSTGVQSFSYN
SQFDFSTGVQSFSYS
SQFDFSTGVQSFSYS
SQFDFSTGVQSFSYS
SQFDFSTGVQSFSYG
SQFDFSTGVQSFSYS
SQFDFSTGVQSFSYS
SQFDFSTGIQSFSRS
SQFDFSTGVQGFSYS
SQFDFSTGVQGFSYS
SQFDFSTGVQSFSYN
SQFDFSTGVQSFSYN
SQFDFSTGVQSFSYNT
SQFDFSTGVQSYSYS
SQFDFSTGVQSYSYST
SQFDFSTGVQSYSYS
SQFDFSTGVQSYSYS

khkkkkkkkok sk 2

NPSGVSSSSRMRE-RKEVLSQDETVELEMDELNQHECMANMTA
DPRGHAVRSRRKEQAELSVVQSDIMELEMDELNQHECMPAMIA
DPKVSVLRTRKTEWTESNIMLNDIVELEMDEMNQHECMATMTA
SKMLSQSASRKKEQITEGKTFDDVMEFEMDELNQHECMAAMTG
DPSARAARGRRRE-RVESLVQDDVVELEMDELNQHECMASMTA
DPSTRPMPSRRRD-GAEAALQDDVVVLEMDELNQHECMASMTV
NRAAAVVHSRRKE-RTESVVQDDVMEFEMDELNQHECMAAMTA
DPTAAQFHSRKRE-HPEFTVQEDVMEFEMDELNQHECMAAMTG
EDPTSSGSHIRKKE-ITDTVVPGDMMELEMDELNQHECMTSMTT
DVTASSTRFRRKE-PTEYKVLNDEMELEMDEFNQHECMASMTS
DVTASSPRFRRKE-PTEYMALDDDTELEMDELNQHECMASMTT
DPTASASHFRRKE-PTESMGLGDIMELEMDELNQHECMASMTT
DPTASSIHFRRKE-PTESMDPDDLMELEMDELNQHECMASMTT
DPTATSARFRRKE-STESMVLDDEMELEMDELNQHECMTAMTT
DVKSTGYHFKRRE-YRDPVTQSDVLELEMDELNQHECMATMTA
DSKATVVHFRRRE-RIDSMVQDDVMELEMDELNQHECMTTMTA
DPRPATGRFRRRE-QRDPTVHDDVLELEMDELNRHECMAPLTA
DRKPTTGHFOQRRE-HQDSMTQDDIMELEMDELNQHECMAPMIA

. .

shkkk ok ghhkk

[

M-HEAT/CIRCULAR CRADLE ]

[

NUC194 )

S2

056

2048
2048
2046
2059
2063
2052
2051
2053
2050
2042
2012
2051
2051
2009
2044
2046
2040
2037

2107
2108
2106
2119
2122
2111
2110
2112
2109
2101
2071
2110
2110
2068
2103
2105
2099
2096
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LLRHMORNNITPKVEEGVRPSDLPPWMKFLOGKLDNPSTPLNIRLFIAKLIINTEEIFRP
LINHMORNNITPQVEEGKTPQELPPWMKFLHGKLGNSSIPLNIRLFIAKLIVNSEEVFRP
LIKHMOKTNITPKVEEGKTPHELPPWMKFLHGKLGNSATPLNIRLFVAKLIVNTEEIFQP
LIKHMNRSEITPKVDEDASPQELPSWMKFLHVKLGNTSTPLNIRLFIAKLIVNTEEVFRP
LLNHMORNNITPKVDEGTVPADLPPWMKFVHGKFGNASTHLNIKLFIAKLIINTEEVFRP
LINHMORNNITPEVEEGTVPSDLPPWMKFLOGKLGNPSTQLNIRLFIAKLIVNKEEVFRP
LINHMORNKITPQVEEESGPVELPPWMKFLSHKLANPATPLNIRLFIAKLVINTEEVFRP
LIKYMOKTQITPKVEEGTVPQODLPPWMKFLHGKLGNTSTPLNIRLFIAKLIANTEDVFRP
LLKHMHRNNITPVVEKDTNSPELPPWMKFLHNKLGNSTVPLNIRLFVAKLIVNTEEVFQP
LIKHMERNQITPKVEEGTVPADLPLWMKFLHGKLGNPSVPLNIRLFIAKLIVNTEDVFRP
LIKHMORNQITPKVEDGTVPVDLPLWMKFLHGKLGNPSVPLNIRLFIAKLIANTEDVFRP
LIKHMHRNNITPTVEKGAVLPDLPPWMKFLHSKLGNPSVPLNIRLFVAKLIVNTEEVFQP
LIKHMORNQITPKVDEGIVPRDLPPWMKFIHGKLGNPSMPLNIRLFLAKLIVNTEEVFRP
LIKHMORNQITPQVDEGAVSVALPPWMKFLHSKLGNPSVPLNIRLFLAKLIVNTEEVFRP
LIKHMONNQITPKVEEGSGSTNLPPWMKFLHGKLANPLGALNIRLFLAKLIANTEEVFRP
LIKHMORNHITPHVKEGSEPPSLPPWMKFLHNKLENPSTPLNIRLFLAKLIINTEEVFRP
LVKHMHRSLGPPQGEEDSVPRDLPSWMKFLHGKLGNPIVPLNIRLFLAKLVINTEEVFRP
LIKHMQRNVIAPKGEEGSIPKDLPPWMKFLHDKLGNASVSLNICLFLAKLVINTEEVFRP

E I .. k% kkkko *e * khkk kkokkke k hookok
( M-HEAT/CIRCULAR CRADLE )
( NUC194 )

YAKHWLGPLMQLVVSSSNGGEGIHFMVVDIVVTVLSWASVASPKGNTRDEVLVNRLLGFL
YAKEWLGPLLQLVVSGNNGGDGIHYMVVEIVVTVLSWTSVATPKGNMKDEILANRLLEFL
YAKEWLGPLLQLVVSGNNGGDGIHYMVVEIVVTVLSWISVATPKGDLKNEILANRLLEFL
YARFWIGPILQLIVSGNNGGTGIHYMVVETLVTILSWSSIATPNGQAKEEILANRLLEFL
YARHWLGPLLQLVVSGNNGGEGIHYMVVEIVVTVLSWTSLASPKGNTRDEILANRLLEFL
YAKHWLWPLLQLVVSGNNGGEGIHFMVVEIVVTVLSWASVATPKGDTKDEVLANRLLEFL
YAKHWLGPFLQLVVSGNNGGEGIHYMVVDIVVTVLSWANIAAPKGNTRDEILANRLLEFL
YAKQWLGPLLQLVVSGNNGGDGIHYMVVEIVVTVLSWANVATPAGLAKDEILANRLLEFL
YAKWWLGPLLQLVVSGDNGGEGIHYMVVEIVVTLLSWTNVATPKGNIKDEVLANRLLEFL
YAKHWLGPLLQLVVSGNNGGEGIHYMVVEIVVTILSWTSVATPKGNIKDEILANRLLEFL
YAKQWLGPLLQLVVSGNNGGEGIHYMVVEIVVTLLSWTSVATPKGNIKDEILANRLLEFL
YAKQFLGPLLQLIVSGDNGGEGIHYMVVEIVVTLLSWTSIATPKENIKDEILANRLLEYL
YARQWLGPLLQLVVSRDNGGEGIHYMVVEIVVTLLSWTSVAAPKGNIKDEILANRLLEFL
YARHWLGPLLQLVVSRDNGGEGIHYMVVEIVVTLLSWTSVASPKGNVKDEILANRLLEFL
YARHWLGPLLQLVVSGENGGEGIHYMVVEIVATVLSWTSIATPTGVTKDELLANRLLEFL
YAKHWLNPLLQLVVSENNGGEGIHYMVVEIVVVVLSWTSIATPKGVPKDELLANRLLQFL
YAKHWLSPLLOLAASENNGGEGIHYMVVEIVATILSWTGLATPTGVPKDEVLANRLLNFL
YAKHWLSPLLOQLAVCEN-NREGIHYMMVEIVATILSWTGLATPTGVPKDEVLANRLLRFL

*% g s keekx . khk ok ok S L.tk k%k | ekek sekek kkkk ok
( M-HEAT/CIRCULAR CRADLE )
( NUC194 )

2167
2168
2166
2179
2182
2171
2170
2172
2169
2161
2131
2170
2170
2128
2163
2165
2159
2156

2227
2228
2226
2239
2242
2231
2230
2232
2229
2221
2191
2230
2230
2188
2223
2225
2219
2215
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FKNCFHSKRAVFRHNLEIIRTVVECWKDCLTIPYDLIYERFAGTDPNSKDNSVGIQLLGI
MKNSFHEKTAVFRHNLEIIKTVVECWKDCLSVPYSLIFSRFSSTDPNSKDNSVGIQLLGI
MKNCFHEKRVVFRHNLEIIKTVVECWKDCLSIPYSLIFDRFAGRDPNTKDNSVGIQLLGI
MKNVFHEKRAVFRHNLEIIKTVLECWKECLSIPYRLIYEGFSGTDPNTKDNSVGIQLLGL
MKNAFYDKRAVFRHNLEIIKTVIECWKDCLAVPYSLIFDRFSGKDPNSKNNSVGIQLLGI
MRNAFHEKRAVFRHNLEIIKTVVECWKDSLMVPYSLIFDRFAGSDPNSKDNSVGIQLLGI
MKNTYHEKRAVFRHNLEIIKTVVECWKDCLAVPYSLLYQRFSGKDPNTKDNTVGIQLLGI
VTHSFHEKRAVFRHNLEIIKTVVECWKDCLSIPYRLIFERFSNGNTNSKDNSVGIQLLGL
MKNVFHQKRAVFRHNLEIIKTVIECWKDCLSIPYRITIFQLFS-GDPNTKDNSVGIQLLGI
MKNAFHPKRAVFRHNLEIIKTVIECWKDCLSIPYSLIFQORFSSGDPDTKDNSVGIQLLGI
MKNAFHPKRAVFRHNLEIIKTVIECWKNCLSIPYSLIFEKFSGGDPNTKDNSVGIQLLGI
MKNAFHQKRAVFRHNLEIIKTVVECWKDCLSIPYRITIFERFSGGDPNTKDNSVGIQLLGI
MKNVFHQKRAVFRHNLEIIKTVVECWKDCLSIPYRLIFEQFSGGDPNTKDNSVGIQLLGI
MKNTFHQKRAVFRHNLEIIKTVVECWKDCLTVPYRLIFEQFSGGDPDTKDNSVGIQLLGI
MKHVFHQKRAVFRHNLEIIKTVVECWKDCLSIPYRLIFEKFATGDPNTKDNSVGIQLLGI
MKHVFHPKRAVFRHNLEIIKTVVECWKDCLSIPYRITFEKFSNRDPNSKDNSVGIQLLGI
MKHVFHPKRAVFRHNLEIIKTLVECWKDCLSIPYRLIFEKFSGKDPNSKDNSVGIQLLGI
MKHVFHPKRAVFRHNLEIIKTLVECWKECLSIPYRLIFEKFSHKDPNSKDNSVGIQLLGI
s ss k _ kkkkkkkkkgksskkkky ok skk g, K s sakskakkkkkkkg

M-HEAT/CIRCULAR CRADLE )

VMANNLPPYDAACGIEHDRYFQSLANNLSFIRYKEVYSAAAEVIGLILNYMTERENQIEG
VLANNLSPYVPKCEIGYERYFQRLVYNISLTRYKEVYAAAAEVLGLVLHYFAENEKQVDG
VLANNLPPYDCKCEIDSERFFQRLVHNISLTRYKEVYAAAAEVLGLVLOYLAG--KPMDC
ALANNFSPLDPKCGIDPERYFQOSLANNLGLTRFKEVYIAAAEVIGLVLRYIVONEKRTEA
VLANNLPPYDPKCGIDSESYFQALATNISFGRFKDIYAAAAEVIGLIMOYLAKNEKQLEG
VLANNLPPYDPSCGIEHERYFKSLANNISFVRYKDIHVAAAEVIGLVMOQYMAEKEKQSEG
ILANNLPPHDPTCSIDMESYVKALANNLSFTRYKEVYAAAAEVLGLVLOYRAEKEKELGG
ILANNLPPYDPKCGIDVERYFQALANNIALTKYKDIYLAAAEVLGLALHYVAEKEKTLEG
VLANNLPPYDPKCEIDSIRYFQALSNNIALIRYKEVYVAAAEVLGLILOYIAEKENTFEG
VLANNLPPFDPKCEIDRVRYFQALTSNMGLLKYREVYAAAAEVLGLALQYTIAERENILED
VLANDLPPFDPKCEIDRVRYFQALISNMGLLKYKEVYAAAAEVLGLALRYVAERENILED
VLANNLPPYDPKCEIDNVRYFQALANNMALVRYKEVYAAAAEVLGLVLQYIAEKENIYES
VLANNLSPYDPKCEIDSVRYFQODLANNMSLIRYKEVYAAAAEVLGLILOYMAEKENIFEG
VLANNLPPYDPKCEIDSTRYFQALVNNMALLKYKEVYAAAAEVLGLTLRYIAEKENITEG
VLANNLPPYDPKCGIDSARYFQALANNLSLVKYKEVYAAAAEVLGLTLOYVSEKETMLED
IMANNLPPYDSKSGIESTRYFQALVNNMSFIKYKEVYAAAAEVLGLILOYTIAKKENVLED
VMANDLPPYDPQCGIQSSEYFQALVNNMSFVRYKEVYAAAAEVLGLILRYVMERKNILEE
VIANNLPPYDPNCDITSAMYFEALVNNMSFVKYKEVYAAAAEVLGLILQYITERKHVIAE

ekkss * * e o % ke, s Kkkkkekk ok

( M-HEAT/CIRCULAR CRADLE )

2287
2288
2286
2299
2302
2291
2290
2292
2288
2281
2251
2290
2290
2248
2283
2285
2279
2275

2347
2348
2344
2359
2362
2351
2350
2352
2348
2341
2311
2350
2350
2308
2343
2345
2339
2335
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Supplementary Figure 1. DNA-PKcs, jawed vertebrates
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TLFNITVTKLMDLRKKEVDDKFIVCLSKVSKHFPPLVD-RFINPVFYLLPKLHGMLKTHC
LVHDLIAKELKQLQO-OSKEDKFIVCLSKIVKNYPPFADRRFLNQVFYLLPKLHGVLKTHC
AVHDLVVKELQQLQO-NTKEDKFIVCLSKIVKHFPPFAD-RFMNAVFFLMPKLYGILKTHC
PVFDYVVKELKRHOTNNKEDKF IMCLNKVVKNFPPFAD-RFMTIVLFLLPKLHGVLKTQC
PIFDFTVKELKHLO-NTKEDKFVECLSKVVKNFPPLVD-RFLNAVLFLLPKLHGVLKTHC
PIFDFTAHHLKKLQO-NEKEDKFVVCLSKVVKHFPPFMD-RFVNAVFFLLPKMHGVLKTHC
PIIDSVVRELKQLQO-SIKEDKFIVCLSKIVKNFALLAD-RFMSVVFFLLPKLHGVLKTHC
PLFDCVIKELKQHQ-NAKEDKFIMCLNKVVKNFSPLAD-RFMTVVLFLLPKLHGVLKTYC
PIYDMVIKQLKLHQ-NTRDDKFIVCLNQITKNFPPLAD-RFMSFVFFLLPKLHGVMKTHC
PVYDCVIKQLKHHQ-NTQHDKFIQCLNKVVKNFPPLAD-RFMNAVFFLIPKLHGVMKTYC
PAYDCVIKQLKHHQ-NTQODKFIQCLSKVVKSFPPLAD-RFMSAVFFLIPKLHGVMKTHC
PVFDITIKQLKQHQO-NTREDKFIICLNKLAKNFPPLAD-RFMNTVFFLIPKLHGVMKTYC
PVYDCVIKRIEQHQ-STKEDKFIVCLNKVAKNFPPLAD-RFMNAVFFLIPKLHGVLKTYC
PIYDCVVKQLKQHQ-NTKEDKFILCLNKVVKTFPPVAD-RFINAVFFLLPKLHGVLKTSC
SICELIVKQLKQHQ-NSREDKFIVCLNKAVKNFPPLAD-RFLNAVFFLLPKLHGVMKTFC
SVFELVVKQLKQHQ-NTKEDKFIVCLNKAVKTFPPLAD-RFMNAVFFLLPKFHGVMKTLC
SLCELVAKQLKQHQ-NTMEDKFIVCLNKVTKSFPPLAD-RFMNAVFFLLPKFHGVLKTLC
LVCELVIKQLKQHQO-NTMEDKFIVCLNKIAKGFPPLAD-RFLNALFFLLPKFHGVMKTLC

SRRk kk e * * kke | esesskekkseksokk *

[ M-HEAT/CIRCULAR CRADLE ]

LECVLSRADVIPEIFLHLKTKGLSQIMSHKDEGRORVCLDITHKILACLKPEELKEILGA
LEVVMHRAETIIDIFQELKNKNFVQIMSYSDEERQRICLDIVYKITAKLKAEEVKVFLVP
LEVVMYRAEEIPDIHIQLKSKDFTQIMSHRDEDROQRVCLDITIYRIKAKLKSAELKELLRS
LEITMHRAEDIPDLFIELKNKDFCQIMNNRDDERQRVCLDIIYKILSKLTPAELHEFLIP
MEILMSRAEEVTDIYLOLKSKDFAQIMSHRDEMRORVCLDIVHKILAKLKPVELKELLIS
LECILSRAEEIPDVYLOLKSKDFSQVMSHRDEARQRVCLDIIHKIMAKLKPVEMREMLGA
LEVVMSRAEEIPDIFLOLKSKDFIQLMNHRDDARQRVCLDIVYKIMFKLKPVEMKEFLVA
LEVVMCRAEEIPDLYIQLKSKDFNQIMSHRDDDROKVCLDIIYKMLPKLKPMELGELLNT
LEVVMCRAQEIPDMYLELKSKEFIQVMCHRDDERQRICLNIVYKMLPKLKPAEVLELLPS
LEVIMCRAEEVPDLHLOLKSKDFIQIMNHRDDERQRVCLDIVHKMLSKLKPLELKELLPG
LEVIMCRAEEITDLHLOLKSKDFLQIMNHRDDERQRVCLDIVYKMLPKLKPLELKELLPG
LEVVMGRAHGIPSLYLELKSKDFTQIMSHRDDERQTVCLDIVYKMLAKLTPAEVQELLPT
LEVVMYRAEEITDLYLOLKSKDFIQVMSHRDDERQRVCLDIVYKMLPKLKPLELRELLPG
LEVVMCRAEEITDLYLOLKSKDFMQVMNRRDDERQRVCLDIIYKMLSKLKPLELRELLPG
LEVVLCRAEEITDLYLOLKSKDFAQVMRHRDDERQRVCLDIIYKMLAKLKPGELRELLNV
LEVVLCRAEEIHDLYLOLKSKDFIQIMRHRDDERQKVCLDIIYTMLAKLKPVELQELLNC
LEVVLCRVEGMTELYFQLKSKDFVQVMRHRDDERQKVCLDIIYKMMPKLKPVELRELLNP
LEVVLCRAEEITGLYLOLKSKDFLQVMRHRDDERQKVCLDIVYKMVAKLKPIELRELLNP

HAEH I O R ¥ *kk gkkgko o T

[ M-HEAT/CIRCULAR CRADLE ]

2406
2407
2402
2418
2420
2409
2408
2410
2406
2399
2369
2408
2408
2366
2401
2403
2397
2393

2466
2467
2462
2478
2480
2469
2468
2470
2466
2459
2429
2468
2468
2426
2461
2463
2457
2453
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Supplementary Figure 1. DNA-PKcs, jawed vertebrates
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VTAFASHPSPVCRERMYDITMWIQDNYSDSESREDSTSVEVLSVARETLLOGLTDENYGL
VIAFISHPSPVCRERMYDITMWIYDNYRDAESQOSDPDSKAVFVTTKDTLLOGLTDDNPAL
VVAFISHPSPICRERMYDILMWIYDNYRDPESQOSDPDSKEIYTETSDALLOGLTDENPAL
VTAFSSHSFPVCRERMYDIFMWIYDNYRDHESONDSKSVEVFNMAKEGLLOQGLVDENTEL
VTAFTTHPSPVCRERMYDITMWIHDNYRDPESQOSDSVSTEVFNLAKETLLOGLTDENQGL
VTSFVTHPSPVCRERMYDITMWIHDNYRDSESQOSDSDSLEMLNVAKETLLOGLVDENQGL
VTGFISHPSTVCRERMYEILMWIHDNYRDQESOANNESREVLKLASEVLLOGLTDENPGL
VVTFSSHPSPMCRERMYDITMWIYDNYRDPESQANDDSQEVFSRANDVLLOGLIDENAGL
VTGFISHPSPLCRGOMYDVLMWIYDNYSDSESQOADEESSQLLKVAKESLLOGLIDENSGL
VTGFISHPSVMCROQRMYDITMWIYDNYSDPESQOADDDSREILKVAKEVLLOGLIDENAEL
VTGFISHPTVICROQRMYDITMWIYDNYSDPESQOADGDSQEVLKLAKEILLOGLTDENAEL
VTGFITHPSPLCRGRMYDILMWIYDNYRDPESQADEKSSEVFKLAKEVLLOGLIDENSGL
VTGFISHPSPVCRERMYDILMWIYDNYRDPESQOAEEESQEVFKLAKEMLLOGLMDENSGL
VTGFISHPSPVCRERMYDIMMWIYDNYRNSESQOADEDSQEVFKVAKEMLIQGLTDEISEL
VVEFISHPSPVCREOMYNILMWIHDNYRDPESQOADEESREVFKLAKEILLOGLVDENHGL
VVEFISHPSPVCREKMYNILMWIHDNYRDLESQTDEVSQEVLKLAKEVLLOGLMDDNLGL
VVEFVSHPSTTCREQMYNITMWIHDNYRDPESETDNDSQEIFKLAKDVLIQGLIDENPGL
VVEFVSHPSPTCREQMYNILMWIHDNYRDQESONDEDSQEIFKLAKDVLIQGLIDENVGL

* * ok kk eskkgeekkk kkk o kk o * . s s Kekkk ko *

[ M-HEAT/CIRCULAR CRADLE ]

OLYVRNFWSHESRLPPETLERMLVVLKSLYSSRIEEQFLSLATDLLLEMTSHSPDFTRNM
OLYVRNFWGHENRLPTGTHDRLMAILRSMYSNKIETQYLSIATNLLLEMTSRSPDYTREM
OLYVRNFWSHENRLPTGTLDRMLASLGSLYCNKIETQYLSIATNVLLEMTSHSPDYSREM
QOLIVRNFWSDETRLPSNTTERMLAILSSLYSPKIEKHYLSLATNLLLEMTSKSPDYIRKM
QOLYVRNFWSHESRLPTSTLERMLVVLRSLYSSKIEAHYLSLATNLLLEMTSRSPDYTRDM
QOLYVRNFWSHETRLPTTTLERMLVILRSLYSSKIEAQYLSLATNLLLEMTSRSPDYSRATI
QOLYVRNFWSDENRLPVGTLDRMLVILKAFYCNKIETQYLSLATNLMLEMTSRSPDYTREI
QOLTVRNFWSDETRLPVVTTDRMLALLNSFYSPKIESHYLSLATNFLLEMTSKSPDYTREM
QOLIVRNFWSDETRLPTNTLDRMLSLLRGLYSDKIETQYLSLATNFLLEMTSKSPDYSRKM
QOLIVRNFWSHETRLPTNTLDRMLSLLSSFYSTKIETHYLSLITNFLLEMTSKSPDYSRKI
QOLIVRNFWSDETRLPANILDRMLALLNSFYSTKIETQYLSLITNFLLEMTSKSPDYSRKM
QOLIVRNFWGDETRLPGNTLDRMLTLLSSLYSTKTETQYLSLVINFLLEMTSKSPDYSRKM
QOLIVRNFWSDETRLPTNTLDRMLALLNSLYSTKIETQYLSLATNFLLEMTSKSPDYSRKM
QLVVRNFWSDETRLPTNTLDRMLALLNSFYSTKTETQYLSLATNFLLEMTSKSPDYSRKI
QLIVRNFWSNETRLPSNILDRMLA-LNSFYSTKIEMHYLSLVINFLLEMTSKSPDYSRHI
QOLITRNFWSHETRLPSNILDRLLA-LRSLYSTKIEMHFLSLATNFLLEMTSKSPDYSRHI
QLITIRNFWSHETRLPSNTLDRLLA-LNSLYSPKIEVHFLSLATNFLLEMTSMSPDYPNPM
QOLITRNFWSHETRLPSNTLDRLLA-LNSLYSPKIEVHFLSLATNFLLEMTRMSPDYLNPI

*k skhkkkk _k kkk sk * ek, s Kk sekks ks ekkkk *kkke | o

( M-HEAT/CIRCULAR CRADLE )

2526
2527
2522
2538
2540
2529
2528
2530
2526
2519
2489
2528
2528
2486
2521
2523
2517
2513

2586
2587
2582
2598
2600
2589
2588
2590
2586
2579
2549
2588
2588
2546
2580
2582
2576
2572
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Supplementary Figure 1. DNA-PKcs, jawed vertebrates
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FEFPLSECKFQDYTIDSNWRMRSTVLTPMFME
FEYPLSECKFQDYNIDSSWQQORSTILTPMFVE
FEYPLSECKFQDYSIDSSWHQRSRILTPLFVE
FEHPLSECKFQDYTVDSSWRFRSSVLTPMFVE
FEYPLSDCKFQDYIIDSNWRHRSTVLTPMFV
FEYPLSECKFHDYIIDSSWHHRNTVLTPMFV
FEHPLSECKFQDYIIDSNWRHRSTVLTPMFV
FEHALSECKFQDYTIDSNWRYHSTVLTPMFV
FEYPLSECKFQDFVIDSNWRYRSTILTPMFV
FEHPLSECKFQDFVVDSSWRYRSTVLTPMFV
FEHPLSECKFQDFVIDSSWRYRSTVLTPLFV
FEYPLSECKFQEFAVDSSWRFRSTVLTPMFV
FEHPLSECRFQDFTIDSNWRYRSTVLTPMFV
FEHPLSECRFQDFIIDSNWRYRSTILTPMFV
FEHPLSECKFQEYTIDSNWRFRSTVLTPMFV
FEHPLSDCKFQEYSIDSDWRYRSTVLTPMFIE
FEHPLSECEFQEYTIDSDWRFRSTVLTPMFVE
FEHPLSECEFQEYTIDPDWRFRSTVLTPMFIE

k| kksk ks ok ke skkk ok ok

SMORSRAQ-GTIEADEPIGGOLR
GGTQYHTQD---SPOGTIGGQVR
GGSRYQSRGGSASAQGSLGGQLR
STARFRSIEGPEQVQGSLGGQVR

LSASRYRSQEGSFPAQSSLGGQVR

ITOEGYLGGQLR
ERSLSPSGSVRGQVR
ERSPSTSGSGGGRVR
GGSLLTHGSMGGQLR
EGSLSTQGSLGGQVR
EGSLSTPGSQGAQVR
EGLLPGQGLLLGQLR
EGSLSLPRLLTKQIR
EGSLSARWPVAGQIR
EGPLSDQROKPGQVR

o %

S2612 T2620

[ ABCDE LOOP

GIQTHYEFTP

QQYDFTP

* sk * *

T2638 T2647

sekk Kk %k ok

TSLEFSQELAPGAGRRSAYNWLTGSSVDTLADYSLSS---DSLSSLLVFDKKRSERP
—-PDAR-NFNWLTGNSLDTFAEYSLPSLASEPGSSSLLVFSRWSERL
—-—SGAR-NFNWLTGSSLDTFAEYTLPFS--ESASSSLLVYSKRSERS
--IGGRSSFNWLTGSSMDTLADYSVES--PESLPSALLFVNKRNENV
——AGRRSSFNWLTGGSIDTLSEYSLPSS-ADSVSSSLLVFGKRGDKS
D--PGRRASFNWLTGSSVDTLSEYALPAT-SDSLSSSLLVFGKWGEKQ
--TGIRSSFNWLTGSSVDTFAEYSLPSS-SESLASSLLAYGKRSEKS
—--IGGRNSFNWLTGNSIDTLAEYGVPSS-SESLSSSLLFASKKSEKS
--ISGRSSFNWLIGNSVDTFTNSTVPSS-SESV--SMLLIKKRTDRS
H--GSGRSSFNWLTGSSIDTLAEYAVPSS-SESLSSSMLLVSKRSEKF
--ISGRSSFNWLTGNSIDTLAEYMVPSF-SESLSSSMLLVSKRSEKF
T--IGGRSSFNWLLGNSVDTFAEYSVTSS-SESLSSSMLLTHKHADRS
—--VNGRSSFNWLTGSSIDTLAEYTVPSS-SESLSSSMLFVSKRSEKS
—--MSGRKSFNWLTGSSIDTLTEYTVPSS-SESLSSSMLFVNKRSEKS
—-TDGRNSFNWLTGSSVDTFTDYPGPTS-SESLS-TLLFTHKKSSRT
—--IAGRNSFNWLTGSSIDTLADYTIPSL-SESLSSSLLFVHKRTDKP
T--ADGRSSFDWLTGSSTDPLVDHTSPS—————- SDSLLFAHKRSERL
—-—-SVERSSFDWLTGSSIDLLADHTVFS--SETLSSSLLFSHKRTEKS

[ ABCDE LOOP

2640
2647
2642
2657
2657
2649
2648
2650
2637
2639
2609
2648
2648
2606
2640
2642
2636
2632

2697
2704
2697
2713
2714
2706
2705
2707
2692
2696
2666
2705
2705
2663
2695
2699
2688
2688
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Supplementary Figure 1. DNA-PKcs, jawed vertebrates
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Q-—=—- AAWRAVGAGFGSKRLTATSDDTDSRTAAERERRADILRLRRRFLKDKEKESIKF
HR----PAKKPVGPDFGKKRLALPGDEVDSKTKGIVDQRADILRLRRRFLKDREKVSLIF
QK----P-MKPVGPDFGQKRLAIPGDEVDAKTKAVADQRADILRLRRRFLKDRQKENLIF
RR----VPLKPLGPNFGMRRLGLPGDVTDSKTK-SMEDRSDILRLRRRFLKDREKLSLIY
00Q0----AARKPVGSDFGKKRLGLPGDEVDSRTK-VKDQRADILRLRRRFLKDQEKVSLIY
Q0000ORGPKKPVGADFGKKRLALPGDEVDSRKKAVNDQRADILRLRRRFLKDQEKVSLQF
OR----AAMKPVGPDFGKRRLALPGDEVDSRTK-VADQRLDILRLRRRFLKDQEKVSLIY
RR----TSLKPLGPNFGKKRLGLPGDEVDSKAK-GIDDRSDILRLRRRFLKDQOGQISKIF
YK----TAFKPLSPNFGKKRQGLPGDEVDNKSK-DTDEHTEILRLRRRFLKDKEKLSLIY
KQ----ATFKPVGPDFGKKRLGLPGDEVDSKTK-GIEERAEILRLRRRFLKDODKLSLIY
KQ----SAFKPVGPDFGKKRLGLPGDEVDSKIK-GIDERAEILKLRRRFLKDQEKLSLIY
OR----AAFKPLGPNFGEKRLGLPGDEVDSKTK-GIDERAEILRLRRRFLKDQEKLSLIY
OR----ATLKPLGPNFGKKRLGLPGDEVDSKAK-GIDERAEILRLRRRFLKDQEKLSLIY
OR----GTLKPVGPNFGKKKLGLPGDEVDSTTK-DINERAEILRLRRRFLKDQEKLSVIY
QOK----AGFKPLGPNFGKKRVGLPGDEVDSKTK-GIEERTEILRLRRRFLKDQEKLSLIF
OR----AAWKSVGPNFGKKRLGLPGDEVDNKTK-GIDERAEILRLRRRFLKDQEKLSLIY
OR----APLKSVGPDFGKKRLGLPGDEVDNKVK-GAAGRTDLLRLRRRFMRDQEKLSLMY
OR----MSCKSVGPDFGTKKLGLPDDEVDNQVKSGTPSOQADILRLRRRFLKDREKLSLLY

s e JKR* ee * * s sskekkkkko ok o .

[ ABCDE LOOP ]

AKKEIHSQRTERERRADLKIRQDAQVTLYRSYRVGDLPDIQIQFSSLIAPLOALAQRDAT
AKRGIREQRAEQKIKTEKRMERDAKVTLYRSYRFGDLPDIQIKYSSLIAPLOQALAQKDHS
ARKSIQEKHLAKEMKTEQLKKRDAQVTLYRCYRVGDLPDIQIKFSSLIAPLOQAVAQKDHS
ARKGTAEQKREKAIKIEQKMKQDAQITLYRNYRQGELPDIQISYSNLIAPLOALAQRDPT
AKKGVREQKQAKENVAEQKLKREAQVTLYRSYRQGDLPDIQIQHSSLIAPLOALAQRDPT
ARKGIQAQRQEKERAAEQTLRREAQVTLYRRYRHGDLPDIQIPYSSLIVPLOALAQRDST
ARKGVQIQKEEQKMKAELKMKQDAQVTLYRRYRQGDLPDIQIHYSSLIAPLOALAQRDPT
VRKGVAEQKREKEITAERKMKRDSEVTLYRSYRHGDLPDIQIAYSNLIAPLOAVAQRDPT
ARKGVAEQKQEKEIKTQLKIKHDAQITLYRKYRQGDLPDIQIEYSSLITPLOAVAQKDPT
ARKSLAEQKREKEIKSELKMKYDAQVTLYRSYRVGDLPDIQIEYCSLIAPLOGLAQKDPT
ARKGVAEQKREKEMKSELKMKHDGQVILYRSYRVGDLPDIQIEYSSLIAPLOGLAQKDAT
ARKGVAELKQEKELKTELKMKHDAQVTLYRRYRQGDLPDIQIEYSSLITPLOGLAQRDST
ARKGVAEQKREKEIKSELKMKHDAQVTLYRSYRQGDLPDIQIEYSSLITPLOGVAQRDPP
ARKGVAEQKREKEIKTELTMKRDAQVTLYRSYRQGDLPDIQIEYSSLITPLOGVAQRDPT
AKKGVVEQKREKEIKSELKMKHDAQITLYRSYRQGDLPDIQIEHSSLITPLOAVAQRDPT
ARKGVVEQKREKEMKNELKMKHDAQVTLYRSYRQGDLPDIQIEYSSLINPLOAVAQRDPV
ARKGVAEQKREKEIKSELKMKQDAQVVLYRSYRHGDLPDIQIKHSSLITPLOAVAQRDPI
AKRGLMEQKLEKDIKSEFKMKQDAQVVLYRSYRHGDLPDIQIQHSGLITPLOQAVAQKDPI

. P . s.: kkk kk kekkkkkk | Kkk Kkkk _ skkgk

[ ABCDE LOOP ]

2752
2760
2752
2768
2769
2766
2760
2762
2747
2751
2721
2760
2760
2718
2750
2754
2743
2744

2812
2820
2812
2828
2829
2826
2820
2822
2807
2811
2781
2820
2820
2778
2810
2814
2803
2804
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Supplementary Figure 1. DNA-PKcs, jawed vertebrates
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LAKQLFSSLFAGVLVEMERLKSNKETADILKELVQTLNAFLNKSTVYFPPFISCIQDMSY
LAKQLFSALFSGILEEVHKSKTA-ETKDISKQLVENFNYLLKATTLNFPPFVACIQDMSC
LAKQLFSSLFSGILEEVRKSKTAAEMSGIGKELLKHFTFLLNTTTLCFPPFVTCIQDMSC
MAKLLFSSLFSGILTDTAS—————- DISVTDKLLKQFNSFLSNSLSYFPPFIACVQDMCY
LAKQLFSSLFSGILIEMEKSKSQSEKKRITEEILGDMNNFLSKTTVYFPPFVTCVQDMSY
LAKQLLSTLFCGILAQOMEGSKNEAEKRRITEELLQDMNHFLNKSTLYFPPFVTCVQDMSY
LAKQLFSNLFTGILTEMEKSRSDSERKTILLELLGNFNGFLSNTTVYFPPFVTCIQDMSY
LAKQLFSSLFFGIMKEMDKLKSSSEMKDITQKLLADFNRFLNITTSYFPPFVACIQDMSY
LAKQLFSSLFSGILEQMKKSKPLAERNNIIQOLLHDFNHFLTTSVLYFPPFIACILEMTY
FAKQLFSSLFSGIFHEVKKSKHPSEKNAIVQKLLNDFNNFLSMSLSYFPPFIACIQEMSY
FAKQLFSSLFTGILREVEKSKTPSEKKIIIQQOLLKDFNQFLSMSMSYFPPFIACIQEMSY
LAKVLFSSLFAGILEEMRKSKSQSEKNSIIQQOLVQDFNCFLTTSVLYFPPFIACVQEMSY
LAKQLFSSLFTGILKEMNKFKNPSEKNCITQELLONFNRFLSMTVSYFPPFIACIQEMSY
LAKQLFSSLFTGILKEMENSKSPLEKTHIVQKLLONFNDFLSISVSYFPPFISCIQEMSY
LAKQLFSSLFAGILKEIDKFKSQSEKRNITLKLLODFNHFLSSTVSFFPPFISCIQEMSF
LAKQLFGSLFAGILKEMDKFKSPSEKKSITEKLLLDFNYFLSSTMLFFPPFISCIQEMSY
IAKQLFSSLFSGILKEMDKFKTLSEKNNITQKLLODFNRFLNTTFSFFPPFVSCIQDISC
IAKQLFSSLFSGILKEMNKFKTTSEKNIITONLLODFNRFLNTTFLFFPPFVSCIQEISC
* .

ekk ke kk ke s . oo e . 2 kkhkkkosokes o2

HHKALLGVEPSLVSATCLASLOQOPMGILLLEESLLHGAGASEEPPLKRARG-~--KRELPP
QHKDLLGLDSTSVRSTSLASLOOPMGILLLEKSLIHSTTN-EEPPTKKARG---RQELPP
KHPDLLNLDPSIVSSTALVSLOOPMGIMLLELSLMHLSLP-EEPPAKRSRG---RTQLPP
QOHDELLHLNPANISTSCLASLOOPLGILLLEKGLLHMKVP-DEPPAKKMRKEKEKAEIPP
RHKELLNIEPSSVSSSCLASLOQOPMGILLMEESLIKGLVP-EEPPAKRARG---RRELPP
QYKELLKVDPSAVSSSCLASLOOPMGILLLEESLIRGSVP-DEPPSKRARG-~--HRELPP
QHAELLNLDPASVSASCLASLOQOPMGVLLLEQGLIQLLAA-EEPPAKRARG-~--RKELPP
HHTELLNLDPSNVSTSCLASLOQQOPVGILLLERSLMSLVDT-EEPPRKKMRG-~--KTELSP
LHEELLDLNCYSVSTSCLASLOQOPMGILLLEQALVHLFPVEQQPPSKRMRG-~--KTELSP
QHRELLELDSANVSTSCLASLOOPMGILLLERALMALSPA-EEPPSKRMRG-~--RTELPP
QOHRELLELDSANVSTSCLASLOOPVGILLLEHALISLSPA-EEPPSKRVCG---RAELPP
QHKELLDLNPSSVSTSCLASLOQOSVGILLLEQALVHLSSEEEEPPAKRMRG-~--KTDLSP
QHRELLDLDSATVSTSCLASLOOPVGILLLEQALTRLSSE-EEPLSKRMRG---RAALSP
QHKELLDIDSTSVSTSCLASLOOPVGILLLEQALIHLSTI-EEPPAKRMCG-~--RTELSP
QHTELLNLDANCVSTSCLASLOOPVGILLLEQALIRLGPP-EEPSSKKRRG-~--KPQLPP
QHSELLSLDSTTVSTSCLVSLOOPVGILLLEKALIHLTPA-EEPPSKRMRG-~--KPQLSP
QOHAALLSLDPAAVSAGCLASLOQOPVGIRLLEEALLRLLPA--ELPAKRVRG---KARLPP
QHPDFLTLDPASVRVGCLASLOQOPGGIRLLEEALLRLMPK--EPPTKRVRG-~--KTCLPP

. Lk kkkk ks kek K . * s s s *

tx oo :

2872
2879
2872
2882
2889
2886
2880
2882
2867
2871
2841
2880
2880
2838
2870
2874
2863
2864

2929
2935
2928
2941
2945
2942
2936
2938
2924
2927
2897
2937
2936
2894
2926
2930
2918
2919

26
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DT--ERWIHLAKLYRSLGDYDVVRGIFSGKIGTKSITFTALOQAEAKSDYAEAVKLYNEAL
DTDVARWIELATLYRSLGDYDVLRGIFSEKIGTKPLTHTALLAEAKSDYAEAVRLYDOQAL
DT--ARWVELAKLYRSLGDYDVLRGIFSEKIGTKSTTQKALLAEAKSDYAEAVQLYDOQAL
DI--VRWIELAKLYRSIGDYDVLRGIFSGKIGAKSITQCALNAEAKSDYAKAAKLYDEAL
DT--ARWIHLAKLYRSLGDYDVLRGIFSGKIGAKSITSMALQAEAKSDYAEAVKLYNEAL
DT--ERWIHLAKLYRSLGDYDVLRGIFSGKIGAKPVTSLALQAEAKNDYSQAVKLYNEAL
DT--IRWLELAKLYRSLGDYDVLRGIFSGMIGTKQVTQKALLAEAKSDYSEAVRLYDEAL
DV--VRWIELAKLYRSLGDYDVLRGIFSGKIGTKPHTKDALLAEAKSDYATAAKLYDEAL
DV--TRWIELARLYRSVGDYDVLRGIFSGKIGTNEITHNALLAEAKSDYAEAAKLYDKAL
DV--IRWIELAKLYRSLGDYDALRGIFSGKIGTKEITQKALLAEARNDYAEAAQYYDKAL
DV--IRWIELAKLYRSLGDSDVLRGIFSGKIGTKEITQKALLAEARSDYATAAKHYDEAL
DV--IRWIELAKLYRSVGDYDVLRGIFSGRIGTKEVTQKALLAEANSDYAEAAKQYDEAL
DV--IRWIELAKLYRSVGDYDVLRGIFSGKIGTKEITQONALLAEARSDYAEAAKQYDEAL
DV--IRWIELAKLYRSVGDYDVLRGIFSGRIGTKEITQKALLAEAKSDYVEAVKQYDEAL
DV--VRWIELAKLYRSVGEYDVLRGIFSGEIGTKHVTQIALLAESKSDYSEAAKQYNEAL
DV--IKWIELAKLYRSIGEYDVLRGIFSGEIKTKPVTQONALLAEAKNDYSEAAKQYNEAL
DV--LRWVELAKLYRSIGEYDVLRGIFTSEIGTKQITQSALLAEARSDYSEAAKQYDEAL
DV--LRWMELAKLYRSIGEYDVLRGIFSSELGTTQDTONALLAEARSDYCQAAKLYDEAL

* skhe hk kkkkoks Kk skkkk P * *k kkg k% *,3 *essk*k

NKEDWDDGEPTITEKDFWEIAALEAYNHLTEWKSLEYCATVNIDDSSPIRLDRMWTETFY
NTEEWMDGNPMETEKDFWEIAALECYNHLTEWKALEYCSTVNIDDKTPADIENIWSDTFY
NTEEWVDGNPTDAEKDFWDIAALECYSHLTEWKSLEYCSTVNISDKTPVDLEDIWTDPFY
T-ETFSDGDPTDAEKDFWELASLECYNHLTEWKPLEYCSTVNIDTGKPPDLNKMWSDPFY
NTEEWTDGEPAEAEKDLWEIAALESYSHLTEWKSLQYCSTVNIDDSSPADLEKIWGDPFY
NTEEWMDEGPTDTEKDFWEIAALECYNHLSEWKSLOQYCATVNIGDSSPVDLEKMWSDPFY
NVEEWPDGEPTEAEKDFWELAALECYSHLTEWKALEYCSTVNIDDKTPADLENIWNDPFY
NMPDWSNDEPTEAEKDFWEVAALECYNRLTEWKPLEYCSTVNIDDSKPADLNKIWNDPFY
SIQDWPGDEPTEAEKDFWKIASLECYNHLTEWKSLEYRLTVNIDNGQPADLNKIWSDPFY
SQEDWODGEPTEAEKDFWELASLECYDHLTMWKSLEYCATVNIDSGKPPDLSKTWNDPFF
SKEDWQDGEPTEAEKDFWELASLECYDHLTEWKSLEYCATVNIDSGQPPDLNKTWNDPYY
SKODWPDEEPIEAEKDFWEFASLECYDHLTEWKSLEYCSTVNIDDKQPPDLNKTWSNPFY
SKODWPDGEPTEAEKDFWELASLECYNHLTEWKSLEYCSTVNIDSGOQPPDLNKTWSDPFY
SKODWSDGEPSEAERDFWELASLECYDHLTEWKSLEYCSTLNIDSEQPADLNKTWSDPFF
NMOHWEDGEPSEAEKDFWELAVLECYNHLTEWKSLEYCSTVNIDSESPPDLNKIWNDPFY
NTQEWLEGDPTEAEKDFWELAALECYNHLTEWKSLEYCSTINVDSENPPDLSKMWSEPFY
NKQDWVDGEPTEAEKDFWELASLDCYNHLAEWKSLEYCSTASIDSENPPDLNKIWSEPFY
NKLEWVDGEPTEAEKEFWELASLDCYNNLSKWKELEYCSTVNIVSENSLDLSKMWSEPFY
. *  skgsak, Kk kg Kk ks *kk kek Kk . * 2 s

2987
2995
2986
2999
3003
3000
2994
2996
2982
2985
2955
2995
2994
2952
2984
2988
2976
2977

3047
3055
3046
3058
3063
3060
3054
3056
3042
3045
3015
3055
3054
3012
3044
3048
3036
3037
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VETYLQOYMMRSMLKQLOMGETNQDLLSFVDAAMKTEEHKIIMETHYSQELSLLYILQEDY
QETYLSYMIRSKVKLLQOSGEVDQSLLTFVDRAMKVEQRKAVIETYYSQELSLLYILQDDV
MEAYLPHMMRSKVKLLOLGENDQSLLTFVDNAMKVDQRKTVIETRYSQELSLLYILQODDF
QETYLPYMIRSKLKMLLGGNNDQTLLTFVDEAMKVEQRKVLMETFYSQELSLLYILQODDF
QEAYLPYVMRSSVKLLOLGEPDQSLLTFVDNAMKVEERKSITIETSYSQELSLLYILQOGDF
QEAYLPYVVRGMVKQLOLGGQODQSLLTFVDNAMKVEERKSVMETNY SQELSLLYILODDY
QETYLPYLMRSKVKLLLLGQGDQSLLTFIDNAMKVEERKALLETHYSQELSLLYILQODDF
QETYLPYMIRSKVKLLLQGKDDQSLLTFIDNAMKVEQRKALLETNYNQELSLLYILODDF
QEAYLPYVIRSKLKLLFHGGSDQSLLTFIDEAMKAEEKKALIEMYYSQELSLLYILODDF
QETYLPYIIRSKLKLLLSGENDQTLLTFIDEAMKTEQKKAITEMHYSQELSLLYILQODDF
QETYLPYIIRSKLKLLLNGENDQTLLTFIDEAMKTEQKKAITEMRYSQELSLLYILQODDF
QETYLPYIIRSKLKLLLHGGDDQSLLTFIDEAMKTEQKKALIEMYYSQELSLLYILQODDF
QETYLPYIIRSKLKLLLHGGNDQSLLTFIDEAMKIEQRKALIEMYYSQELSLLYILODDF
QETYLPYIIRSKLKLLLHGGSDQSLLTFIDEAMKIEQRKALIEMHYSQELSLLYILODDF
QETYLPYMIRGKLKLLLQGGSDQSLLTFMDEAMKKEKQKTLIETHYSQELSLLYILQODDF
QETYLPYMIRSKLKLLLQGASDQSLLTFIDEAMKKEPQKTLIEVHYSQELSLLYILQODDF
QETYLPYMIRSKLKLLLQGEADQSLLTFIDKAMHGELOQKAILELHYSQELSLLYLLODDV
QETYLPYVIRSKLKLLLOQGEGNQSLLTFVDEAMNKELOQKTVLELQYSQELSLLYILODDI

kekk ssek, ok * * ek kkoekesk *ke 3 ek sk * kkkkkkkgkk *

DRAKYYANNCMQVFMONYSSIDPLLNRSRLTVLOSVQALTEIQDFLNYITGDV---SVNS
DRAKYYINNCMEVFMONYSSIDTLLHQSRLTKLOSLOAVTEMODFLHFISKEYNFISEVP
DRAKYYVNNSIQSFMONYSSIDPLLHRSRLTKLOSLOTLTEIQDFLHFITKGSNLTSEVP
DRAKYYINNGIQVFMONYSSIDCLLYQSRLTKLOSVQALTETODFISFIRKPGNVSS-SS
DRAKYYVNNCMQVFMONYSSIDTLLPGSRLTKLOSVQALTEIQDFLNFMTKDV---SQTS
DRAKFYINNSMOVFIQNYSNIDALLYGSRLAKLOSVOQALTEIQDFLYFITKDV---STAS
DRAKYYVGNCMQVFMONYSSIDTLOHKSRLTKLOSVQALTEMODFLGFISKPDHLNSRAS
DRAKYYIDNGIQVFMQSHSSIDTLLNKSRLTKLOSVOQALTETKDFIHFISKPSNLTSQTS
DRARYYVKNAMQVFMONYSNIDSLLFNSRMIKLOSVOQALTEIQDFINFMSKESSLTFQAS
DRAKYYISNGMQIFMQSYSSIDSLLYQSRITKLOSVOQALTEIQDFINFMTKRSNLASEAS
DRAKYYISNGLQIFMQSYSSTDTLLHQSRMTKLOSVQTLTEIQODFIHFMTKTSNLASQAS
DRAKYYISNAMOVFMONYSSIDSVLHQOSRLTKLOSIQTLTEIQGFVNFISRSGNIASQAS
DRARYYISSGMOAFMONYSSIDTLLHQSRLTKLOSVOALTEIQEFINFISKPSSLASQVS
DRARYYISNGMQVFMONYSSIDALLHQSRLTKLOSVOQALTEIQDFINFMREPSNLASQAS
DRAKYYIDYCIQIFMONYSNIDALLLOSRLTKLOSVOQALTEIQDFTNFISRPSNLSSQAS
DRAKYYIENSIQVFMONYSSIDALLHQSRLTKLOSVOALIEIQDFVNFMSKQGNLSSQAP
DRAKYYTIQONGIQSFMONYSSIDVLLHQSRLTKLOSVOALTEIQEFISFISKQGNLSSQVP
DRATYYIKNGIQIFMONYSSIDVLLYRSRLAKLOSVOQTLAEIEEFLSFICKHGDLSSLGP

*kk ok s kek ek ok o * kg kkkokse * o % e

3107
3115
3106
3118
3123
3120
3114
3116
3102
3105
3075
3115
3114
3072
3104
3108
3096
3097

3164
3175
3166
3177
3180
3177
3174
3176
3162
3165
3135
3175
3174
3132
3164
3168
3156
3157
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LKFMIRRWTSHYPDAKLDPMNVWDDIITSRCFFLDKILKRLKST---PEN
LRKLLRTWTGRYPDAKMDPMSIWDDVITNRCFFLDKIQERLVSV--QADE
LRKLVRTWIGRYPESKLDPMSVWDDVITNRCFFLDKIKERLSLL--QADD
LRKLFQGWMKRYPDSKMDPMNIWDDIISNRCFFLDKIQDVAVGHPQLVDE
LKSLIRIWTDRYPDAKMDPMNVWDDIITTRCFFLDKIAGKLTNS--EADN
LKTLIRTWTHRYPDDRMDPMNVWDDVITNRCFFLDKISEKLVSS—--VAGD
LRRLLRNWSDRYPDAKMDPVNIWDDIITNRCFFLDKIQEHLCKV--PADE
LKRLLRIWSSRYPDSKMDPMNVWDDIITNRCFFLDKIREKLPHF--QADD
LKRLLNIWRSRYPDTKMDPMNIWDDIITNRCFFLDKIQEKFSST--HLDD
LKRLLRTWTSRYPDAKMDPMNIWDDIITNRCFFLDKLQEKLPSD--QAND
LKRLLRIWTSRYPDAKMDPMNIWDDIITNRCFFLDKLQEKLPRD--QAND
LKRLISIWMSRYPDSKMDPMNIWDDIITNRCFFLNKIQERLPNT--HLED
LKRLLRIWRSRYPDDKMDPMNIWDDIITNRCFFLGKIQEKLPNI--QADD
LKRLLRIWTSRYPDAKMDPMNIWDDIITNRCFFLDKIQEKLLNV--QADD
LKRLLRIWTNRYPDAKMDPMNIWDDIITNRCFFLSKIQEKLAGL--QADD
LKRLLRIWTNRYPDAKMDPMNIWDDIITNRCFFLNKIQEKLNCL--QLDD
LKRLLNTWTNRYPDAKMDPMNIWDDIITNRCFFLSKIEEKLTPL--PEDN
LRRLLKTWTSRYPDVVTDPMHIWDDIITNRCFFLSKIEERLTAP--SGDH

*s s * skke kkg eskkkoke *hkhkkk kg

———————— SGEELGVLVKTCKFNMKLOMADSAWKQONNFPVASKLLKELHRHAKIDDARLL
ETRMEVDKEEEDINMATIRSCKFNMKLKMAESGTKONNFAVAMKLLKELHKESKARDDWAV
ETOQMDIDKEEDDITMLIRSCKFNMKLKMLESARKQONNFSVSTKLLKELHKESNIRIDWRV
NEAMEVDR-QEDIAVMINKCRFTMKMKMVDSARKQONNFSVAMKLLKDLHRESKTNEDWSV
GVKMEVDE-PEDVGSMIRGCKFSMKLMMADSARKONNFSVATKLLKELHRESKNQEDWLV
EIKTEAGE-WEDPDFLIKDCKISMRLKMAESARKQORNFSVAAKLLKALHKECKARSHWNL
SPRMDVDE-EPNISAMVQSCKFNMKLKMAESARKQONNFSVATKLLKELHRESKSREECLT
SDRMELGGEEEDITSMIKSCKFNMKLKMVESARKQNNFSVAMKLLKDLHRESKTRDDWSV
-FSMEIDNENQDTHTMIKNCKFAMKMKMIECARKQNSFSVALKLLKDLHGDSKTCEDWRV
GDOMEVDQQGENIHSMIKSCKFNMKMKMIESARKONSFAVAKKLLKDLRKEARWREDWLV
GDOMEADQQGEDISSMIRSCKFNMKMKMIESARKONSFSVAKKLLKYLHREAKTREDWLV
NDNIEGGNEKEDIHSMIRNCKFSMKMKMIESARKQONSFSVAIKLLKDLHRDSKTREDWLV
GDKMETDMQEEDIHSMIRSCKFNMKMKMIESARKONSFSVAMKLLKDLHRESKTREDWLL
GDEMEVDQQEDNIHSMIRSCKFNLKMKMIESARKONSFAVAKKLLKDLKRESKTRDSWLV
TDRMELEKQEDDIYSMIESCKFSMKMKMIESARSONNFRVAMKLLKDLHRESKTKDDWLV
IDKVEVEKQEEDIYSMIRSCKFSMKMKMIESARKONNFSVAMKLLKDLHRESKTREDWLV
SDRMEVQEQEEDISSLIRSCKFSMKMKMIDSARKONNFSLAMKLLKELHKESKTRDDWLV
IDR-EVYEPKEDVRCMLOSCRFTMKMKMIESAWKQSNFSLSMKLLKEMHKESKTREIWRV

. s, ks sas o * o * Kk g3 kkkk g

3221
3233
3223
3237
3238
3235
3232
3234
3219
3223
3193
3233
3232
3190
3222
3226
3214
3215

3273
3293
3283
3296
3297
3294
3291
3294
3278
3283
3253
3293
3292
3250
3282
3286
3274
3274
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RWVHSFSRFTHKRIARLGPSEKINALLKTVPLLK-DAERQSEALSARMLRDOQRILLGTTY
KWTHTYSRLSHRRSQRQARPEQVVTVLKSIPLLV-EINVDYLNTHTRILRDONTLLGSSY
RWIQSYSRFSHKRSRSMKRAEQIVTVMKTIPLLG-EIDVGNLNIQRHAFRDONTLLGTTY
KWIHSYSRYSHSRSRDLTCSEQILTALKTIPLLE-ESKTEYLTKNTKACRYQNMLLGDTY
RWVHSFSRFSHTRSHTQSSSEQILTVLKTIPLLE-ERKIDYTKATTRIVRDONILLGTTY
RWAHGFCRFKHLYSQAQDSAEQILNVLKTVDVLE-DSKTDPEKETAQNFRNQKLLLGTTY
RWVHSYSRFGHSRSQSQSCPERIQTVMKTISLLE-ESKADYLNKNTRALRDONILLGTTY
RWIHSYCHYTHSRSQSQTSPDQVLSVIKTVSLLE-ETKADYLRENTREFRNONLLLGTTY
KWNHSYCCFSHSRSRSQSNAEQILTVLKTVFLLD-EIKLSSVSNNAITFRNONLLLGTTF
RWNYAYCRFTHSSSRNLSCPERVLSVLKTISLLE-DTKSDYLSKNIMAFRNONLLLGTTY
RWNYAYCRFTHSCSRNQSCPEQVCSVLKTISLLE-DTKSDYLSKKVTAFRNONLLLGTTY
RWNHSYCRFSHSRSRSQSNPEQILTVLKTVSLLD-EASSGTLSKDRLAFRNONLLLGTTF
RWNHSYCRFSHSRSQSONSPEQMLTVLKTISLLD-ESKSDYLSKNIVAFRNONLLLGTTY
RWNHSYCHVSHSSCQTQSSPOQOILTVLKTVSLLD-ENVPDHLSKNIEILRNONLLLGTTY
RWNHNYCRCSHSQSQSQSSPEKILTVLKTVSLL-DDNLSSYLSKNIVASRNQKLLLGTTY
KWNHSYCRFSHSRCQIQSSSEQILTVLKTVSLLADENLSSYQSRNSLAFRNONILLGITY
SWVQSYCRLSHCRSRSQGCSEQVLTVLKTVSLLDENNVSSYLSKNILAFRDONILLGTTY
OWLHSYSQLNHCRSHTQSPREQVLNTLKTITLLDESDISNYLNKNIQASCDQSILLGTTC
* *

oo o skes ok . * * %%

DLMAGAADRSPFALETLGEEKVQKILQOLSQAS--SIAQVVEGLQIQALELLRSAACKAEE
CILADALNKEPTCLORIKEDQAERVIEHSGSSSEEIQEVVIGLHRKTLHYLERAVRKAEE
YIMANALNKDPSCLQYIEEERAKNVKKLSGATSDNPVQVSIGLYRKAHEYLQSAVKKAEE
RIMADAVCKEPDCLYKIEDGKAGKVKDLS----ESPENVVGGLYRKSLHYFTNAVRKATE
HIMANALTRDGLALEHIGEDKAGKVLDLLGTTSDNLEQVVVGLHRKALQHLONAVKKAEE
HIMASAVSRDPSVLEKIGPEKAGRVLKLSGASSSNPQQVTAGFHKRALGLMQSAVKKVED
NIIANALNKTPTSLODIGEEKARKIQDLSGAQSDHPEQIVISLYRKALSYLQTAAKKAEE
SITIANALCKDPRCLORIDKNKADKVLQLSGTMSENPDEVAASLFKKSFHYLDSAVKKAEE
HIMANALSKERSCLNQIGEEKARKVFMLSEERSDNVEKVIAGLNKRAFLCFSGAVKKAEE
QIMANALSQDPRCLEQIEKEKARKISLISGESLENPKKVLAGLNKKAFQCFSCAVRKTEE
RIMADALSHDPRCLEQIEEEKARKVSVLSGESLESPEKVLAGLNKRAFQCFSSAVRKSEE
HIMANALSKDPRCLEQIVEEKARKVLVLSGEKTDDIGKVIAGLNTRAFQCFSSAVRKAEE
HILASALSKDPGCLEKIEEEKARKVVMLSGERPENSEKVIAGLNKKAFQYFSTAVRKAEE
RIMAVALSKDPRCLVELEEDKVRKVSMLSGEKPDSPEKVIASLNKQAFQYFSNAVRKAEE
RIMANALSKEPASLEQIERNKARKVMELSGASFDNVQKVIAGLHRRAFQYLTHAVRKAEE
NIIANALSNEPTCLAQIEESKAKKVLELSGASSEDAEMVIGGLHKKAFECLFKAARRAED
RITANALSSEPACLAEIEEDKARRILELSGSSSEDSEKVIAGLYQRAFQHLSEAVQAAEE
RIMADALSREPACLSDLEENKVNSILTLSGSNAENTETVITGLYQRAFHHLSKAVQSAEE

. * .

sk % * . . . A . e

3332
3352
3342
3355
3356
3353
3350
3353
3337
3342
3312
3352
3351
3309
3341
3346
3334
3334

3390
3412
3402
3411
3416
3413
3410
3413
3397
3402
3372
3412
3411
3369
3401
3406
3394
3394
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EEQSFSQQHVNTHGIVEAYMTMANFCDRRLRESEQKEEAI-SSKLOSLPEHVVKMMLKAL
EVQOSLAGEHVDIAGVIEAYVNLANFCDRCLREKEESATAINFSEQQTFPACVVEKILKAM
EVQSLSEEHVDTVGVIKAYMTLANFCDRCLREEEESENINNFPELQTYPASVVENMLKAL
EEQSHSTDQIDVRGIIKAYMTLVDFCDSHLRKVEEESAVMDRADYQONFPEIMVEKMIKAL
ELQSRSTEHIDIPGAIEAYMTLVNFCDKRLREEEESAEVSTFSELPTFPAVVVDTMLKAL
EVQOSRSADHVDTAGAIEAHMTLANFCDKRLREEEENDQVSEFSELPTFPAIVVEQVLKAL
QVOSRSTEHIDVAGVIEAYMTLVDFCDKRLREVEESAEVSHFSELQTFPAVVVENLLRAL
EVQOSRAMENVDTTGVIKAYMTLVDFCDTHLLKKEDTTAVIDHSHLOQQFPTIVVEKMIKSL
EVQOSMSFDHIDISGIIDAYMTLANFCDSHLRKEEQNSADVNNEDLQIFPAIVVEKVIKAL
EVQSSSVDHVDMVGVVDAYLTLISFCDQYLRREEEGLLEINTVDLQQFPAIVVEKMIKAL
EVQSHSMEHVDVAGVIDSYMTLVGFCDOHLRREEEGLLEINTADLOQLFPAIVVEKMIKAL
EIQSLSFDHINTKSIIDAYMILANFCDTHLRKKEEGSADINAVDLOMFPAIVVEKVIKAL
EVQSHSMEHVDLTGVIDAYMILVDFCDKHLRKEEEGSSDVSALDLQTFPAIVVEKMIKAL
EMOSRTMEHVNLTGVIDAYLTLVDFCDKHLHKEREGLSDISAVDLOQTFPTIVVEKMIKAL
EEQSHSSEHVDTGGVIDTYMTLVDFCDKHLRNEEEGTSVIDAVVLQAYPALVVEKMMKAL
EVOSHTTEHVDIAGVIDAYMTLVDFCDRHLRKEEESTSVIHTVELQTYPALVVDKMLKAL
EAQPPSWSCGPAAGVIDAYMTLADFCDOOLRKEEENASVIDSAELQAYPALVVEKMLKAL
ETQLSCWGHEAAAERAHAYMTLVGFCDQOLRKVEESASQKTSAEMEAYPALVVEKMLRAL

. * st 3 Jkk% * . * N

KLSSEEARLKFPRLLOQLVEVYPAETLDLMVREVVSVPCWLLIGWISQMMALLDKPQATAV
KYNSKEARLKFPRLLOIVKLYSAETLDLMKKEVSSVPCWQF IGWINQOMMAELDKKEAVVV
QYNSREARLRFPRLLOIVELYPVETQDVMTRGVSTIPCWQF IGWINOMMASLDKKEACVI
KLNSSEARLKFPRMLOITEQYPSETLDLMARENCTVPCWQF IGWISQMMAMLDKKESIAV
KLNSKEARLKFPRLLOITELYPAETLDLMAKEVSSVPCWQLIGWISQMMALLDKEEAVAV
KLNSSEARLKFPRLLOQIVELYSAETLDLMIKEMSSVPCWQLIGWISQMMALLDKKEAVAV
KLNSREARLKFPRLLOQIVELYPAETLDLMAKMGGSVPCWQF IGWISQMMALLDKKEAVAV
KLNSKDARLKFPRLLOQIVELYPAETLDLMTREVSSVPCWQF IGWISQMMAMLDKKEAVAV
KLNSNEARLKFPRLLOIVEKYPEKILRLMAQEISSVPCWQFIGWISQLMAMLDKNEAPAV
KLNSREARLRFPRLLOITERYPAETLGLVTQELSSVPCWQF IGWISQMMALLDKDEAVAV
KLNSREARLRFPRLLOITERYPAETLGLVTRELSSVPCWQFIGWISQMMALLDKDEATIAV
KLDSKEARLKFPRLLOIVEKYPTETLGLMAQEISSVPCWQFIGWISQLMAMLDKEEALAV
KLNSRDARLKFPRLLOITERYPAETLGLMAREISSVPCWQFIGWISQLMAVLDKEEAVAV
KLNSREARLKFPRLLOITERYPAETLSLMAQEISTVPCWQFIGWISQMMAVLDKDEAVAV
KLNSREARLKFPRLLOITERYPEETLDLMTQEISSIPCWQFIGWISQMMAVLDKEEAVAV
KLNSKEARLKFPRLLOILERYPEETLNLMIKEMSSIPCWQFIGWISQMMALLDKEEAVAV
KLNSNEARLKFPRLLOITERYPEETLSLMTKEISSVPCWQFISWISHMVALLDKDQAVAV
KLNSSEARLKFPRLLOITEQYSEETLNIMTKEISSIPCWQFIGWISHMMALLDKEEATIAV

B * skhkkskkkokkoos * . P sekkk ok kk ek Kkkk o

3449
3472
3462
3471
3476
3473
3470
3473
3457
3462
3432
3472
3471
3429
3461
3466
3454
3454

3509
3532
3522
3531
3536
3533
3530
3533
3517
3522
3492
3532
3531
3489
3521
3526
3514
3514
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OHVIEEIAECYPQALIYPYMISSENYTFEESASGORNREFVEKLESLLDKGGVIQGFVDA 3569
QOHIIEEIADSYPQAIVYPLMISSESYTFEQTARGNTNKEFVERLKNKLDKGGMVEVFINS 3592
OPIIEKIADSYPQAIVYPFKISSENYTFEPSANGNKNKEFVERLKTKLDKGGVVESFIHS 3582
OHIIEEIAENYPQALVYPFMVSGESYNFEDTVVGHKNREYVNRIKSKLDKDNVAQDFIRA 3591
OHVIKEIAEYYPOQAILYPFMISSENYVFEDSATGHRNKEFVARLKSQLDKGGVVKNFIDA 3596
OHVIQGLAESYPQAVVYPFMISSETYQFEDSATGHRNKEFVTRLKDQLDKGGVVKDFVEA 3593
OHIVEKIAESYPQAIVYNFMISSESYSFEESPKGKKNKEFVARLKSELDKGAVVEDFIHA 3590
OHIIEDIADAYPEALVYPFMISSENYSFEDTATGHKNREFMLRIKSKLDKGGMVQDFIQS 3593
OHTVEEIASSYPQAIVYPFMISSESFSFPETAIGHKNKEFVKRVKSKLYEGGVIQDFAHS 3577
OHTVEEIANTYPQALVYPFMISSESYCFKDTAAGCKNKEFVERIKNKLDRGGVVQDFVHS 3582
OHTVEEIANTYPQAIIYPFMISSESYSFKDTVTGCKNKEFVERIKKKLDRGGVVQDFVHS 3552
QYTVEEIANSYPQAIVYPFMISSESFSFODTIIGHKNKEFVARVKSKLDREGVVQEFVQA 3592
OHTVEEIANSYPQAIVYPFLISSENYSFKDTATGHKNKEFVARIKSKLDRGGVIQDFVHA 3591
HHTVEEIAHNYPQAIIFPFMISSENYSFKDTATGHKNKEFVTRIKSKLDRGGVIQDFVQA 3549
OHTIEEIADNYPQAIVYPFMISSENYSFKDTSAGHKNKEFVTRIKSKLDKGGVVQDFIQA 3581
OHTVAEIADNYPQAIVYPFMISSENYSFKDTSAGHKKKEFVLRIKSKLDOGGVVQDFINA 3586
QOHSVEEITDNYPQAIVYPFIISSESYSFKDTSTGHKNKEFVARIKSKLDOGGVIQDFINA 3574
OHTVEEIADNYPQAIIYPFIISSESYSFKNTSSGHNNKAFVERIKSKLDHGEVIHSFINA 3574

H S T A : *

: HH *kgksss HEJ . HE

LOQLSNPEMLFKDWWDEVKNQLDKPNLDKKKMKLQY--MTELLGDAKSPRFGSYRRKFIQ 3627
LEQLSNPDMLFKDWVDNFRSKLEKKE-NKTQLKNLYSEMYSNLANAGAPGIGAFRRRFVT 3651
LEQFSNPDLLFKDWANDFKTELEKKVKDKKLLKNMYDEMYSNLASLOFPGIGAFRTRYVQ 3642
LEQLSNPPMIFODWWEDVSNELSKPNVNKNKIKELYKEMYTNLGNPKDHFMGAFRRRFCE 3651
LOQLTNPEMLFKDWVEDVKKELEKPKTDKKLLKNMYEEMYSALGNPRCQGIGAFRKKFAQ 3656
LOQLSNPEMLFKDWLEDARNTLSKPKTDKKDAKKMYEEIISVLGNAKAAGIGRFRKKFVE 3653
LEQLTNSDMIFKDWVDDVRNELDKPQRNKANLKRMYEEMYANLGNLRAPGLGSFRSNFVK 3650
LEQLSNPDMIFKDWIEDMKNELAKSQRNKNNIKKLYEEMYMNLGNLKAPGIGEFRRRFVQ 3653
LEQLSNPAMLFKDWIGDVQONELGKTKKNTNNIQQLYDGMYQONLGNLEAPGLGWYRKQFIK 3637
LEQLSNPVMIFKDWAEDVRNELSKPOQRNKKKLKEMYERMYKNLGNLESPGLGMMRKRFIQ 3642
LEQLSNPMMLFKDWTEDVRNELVKTQRNKNKLODMYERMYRNLGNLEAPGLGLLRRRFIQ 3612
LEQLSNPVMLFKDWTDDMKNELGKTKRNKENILKLYDGMYQONLGNVHASGLGLFRKRFIE 3652
LEQLSNPVMLFKDWVEDVKNELGKTQRNKNNLKEMYEGMYRNLGDLQAPGLGLFRKRFVQ 3651
LEQLSNPEMLFKDWVDAVRNELGKAQKNKAKLKEMYEGMYGNLGNLQASGLGLFRRRFIQ 3609
LEQLSNPEMLFKDWVEDIKIELTKTPINKNNLKRMYEGMYKTLGNLKAPGLGAFRKRFIQ 3641
LEQLSNPELLFKDWVDDVRGILMQTPVNKKKLEKMYEEMYAILGTLEVPGIGAFRKKFIQ 3646
LDOQLSNPELLFKDWSNDVRAELAKTPVNKKNIEKMYERMYAALGDPKAPGLGAFRRKFIQ 3634
LDQLSNPDLLFKDWVSDTKDELGKNPVNKKNIEKLYERMYAALGDLRAPGLGPFRRRFIQ 3634

*ekg ok sekekk * s . * . * g * .

KINASE )
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Supplementary Figure 1. DNA-PKcs, jawed vertebrates
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KFSKEVE---KLLGAGGSKLYERRKDKDFLQQVDRMVQSM—————— RGFQKEPGNMKEYS
GFKKKID---QHFGKDGLLLLNMN-LKAFNVAVGQIMET-——————— OKPEPPGNLKEYS
VFKKAFD---QYYGKEGSRLLDMN-IKIFDEATKKILETV—-===— CKKQQAPPGNLKEYS
KYTKDFD---KAFGPEGSKLLNIK-CDGFNKTVGPLITKM-———-- KEQQKEPGNLKEYS
HFSKEFD---KTFGKGGAKLFDMK-HDAFRKASDSLWGSISEE---QKKEKEPGNLKEYS
TYAKRIEEIVKELGKDGSKLWDKR-KD==—=——— EKFWQKLTTSIRSMDSIALPGNLKEYS
AYGKEFE---RVYGKRGEKLLDMK-SSDFFKVSDQLLTSM—-————~— RKFQREPGNLKEYS
AHAKDLD---THFGKGGSKLVDMK-EDAFAKTAYSLFNNM—-————— RGSQPEPGNLKEYS
EFGKELD---IHFGKGGSKLLGMN-ASVFIKVANSLSEKM————-- KKCEKEPGNLKECS
AFGKDLD---HHFGRGGSELLNMK-TSDFDAIANSLHSKM=-—=———— IKTHKEPGNLKECS
AFGKDFD---HQFGKRGSKLLNMK-ASDFDAITSALLSKM=-————— TKSHKEPGNLKECS
KFGKEFD---SHFGKRGSKLLDMK-ASGFNTIADSLLLKM-———-- KECHQEPGNLKECS
TFGKDFS---SHFGKGGSKLLDMK-ADDFNRIAFSLLSKM—————- KD-QKEPGNLKECS
AYGKEFD---TQFGKGGSKLLDMK-DNEFIKIVNALLAKM—————— RDGQKEPGNLKEYS
AFGNEFD---HHFGKGGSKLLOMK-LSDFTSITNSLNSKM—-————~ KESSKPPGNLKECS
TYGKEFD---RHFGKRGSKLLVMK-LSDFNNITTTLLNKM=-———-- REDSKPPGNLKECS
TFGKEFD---KHFGKGGSKLLRMK-LSDFNDITNMLLLKM-————— NKDSKPPGNLKECS
AFGKEFV---KSFGNGGSKLLTMK-VDDFCKITGSLLVRM=====~ KKDSKLPGNLKEYS

B * * * .

kkkgkk K

( KINASE ]

PWLSSFKAETLKNELEVPGQYDGKSKPLPEYHAKITGFDERVKVMTSIRRPKRIIIRGDD
PWMSNFKPQFLGNELEIPGQYDGKCKPLPEYHAKITGFDERVKVMSSIRKPKRLITIRGND
PWMSEFKPEYLRNDLEIPGQYDGKSKPMPEYHAQITGFDERIKVMSSIRKPKRLITIRGND
PWMSEFKPEFLRNELEIPGQYSGRSKPMPEYHVKISGFDERVSVMASIRKPKRIIVRGND
PWMSNFKPEVLRNELEIPGQYDGKCKPLPEYHARITGFDERIKVMSSMRKPKRLIMRGND
SWLSNFRPETLRNELEVPGQYDGRSKPLPEYHVKITGFDERVQSLRSIRKPKRLITIRGSD
PWMSQFKPEFLRNELEIPGQYDGKSKPMPEYHAKITGFDERIKVMASIRKPKRLIIQGND
PWMSNFKPEFLRHELETIPGQYNGRSKPLPEYHVKISGFNERVKVMSSIRKPKRIIILGND
PWMSEFKPEFLRTELEIPGQYDGKGKPLPEYHAKISGFDERIKVMQSMRKPKRIVIRGND
PWMSEFKAEFLRSELEVPGQYDGKGKPLPEYHAKISGFDERISVMESLRKPKRITIRGSD
PWMSEFKAEFLRNEIEVPGQYDGKGKPLPEYHVRISGFDERIKVMESMRKPKRITIRGSD
PWMSEFKPEFLKHELETIPGQYDGKGKPLPEYHAKIAGFDERIKVMLSIRKPKRIIIRGSD
PWMSDFKAEFMRNELEIPGQYDGKSKPLPEYHAKISGFDERIKVMESIRKPKRINIRGSD
PWLSEFKAEFWRNELEIPGQYDGKGKPLPEYHAKISGFDERIKVMESLRKPKRIIIRGSD
PWLSDFRVEFLRSELEIPGQYDGKGKPLPEYHAKITGFDERVKVMASIRKPKRIITIRGHD
PWMSNFKVEFLRNELEVPGQYDGRGKPLPEYHAKITGFDERVKVMASIRKPKRITIRGND
PWMSDFKVEFLRNELETPGQYDGRGKPLPEYHVRIAGFDERVTVMASLRRPKRIITIRGHD
PWMSEFKAQFLKNELEIPGQYDGKSKPLPEYHVRISGFDERVKVMLSLRKPKRIVIRGHD

kek ko o sekekhkk ke hkghhkkk eskokkohkg s kekekkke o ok K%

( KINASE

]

3678
3699
3693
3701
3709
3706
3700
3703
3687
3692
3662
3702
3700
3659
3691
3696
3684
3684

3738
3759
3753
3761
3769
3766
3760
3763
3747
3752
3722
3762
3760
3719
3751
3756
3744
3744
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ERDYPFLVKGGEDLRQDORIEQLFGVMNMILSODTACSQRSLALRTYQVIPITSRIGLIE
EKEYPFLVKGGEDLROQDORIEQLFEVMNIILSRDAACSQRSLOLKTYQVIPMTSRLGLIE
EKEYPFLVKGGEDLROQDORIEQLFDIMNIILSRDAACSQRNLOQLKTYQVIPMTSRLGLIE
EREYPFLVKGGEDLRODORIEQLFEIMNIILSQODAACSQRHMOLKTYQVIPMTTRIGLIE
EREYPFLVKGGEDLROQDORIEQLFDVMNIILSRDATCSQRNLOQLKTYQVIPMTARIGLIE
ERDYPFLVKGGEDLRODORIEQLFGVMNIILSQODAACSQRNLGLRTYQVIPMTTRIGLIE
EREHPFLVKGGEDLROQDORIEQLFEVMNIILSQODAACSQRNLOQLKTYQVIPMTTRIGLIE
EKEYPFLVKGGEDLRODORIQQLFDVMNIILSQODAACSQRNMOIKTYQVIPMTTRLGLIE
EREYPFLVKGGEDLROQDORIEQLFEVMNNILSRDAACSQRNMOIKTYQVIPMTTRLGLIE
EREYPFLVKGGEDLROQDORIEQLFDVMNIILSQODATCSQRNMOLKTYQVIPMTTRLGLIK
EQEYPFLVKGGEDLROQDORIEQLFDVMNIILSQODAACSQRNMOLKTYQVIPMTTRLGLIK
EREYPFLVKGGEDLRQDORIEQLFDVMNTVLLODAACSQRSMOLKTYQVIPMTTRLGLIE
EREHPFLVKGGEDLRODORIEELFDVMNIILSQODAACSQRNMOIKTYKVIPMTTRLGLIE
EREYPFLVKGGEDLROQDORIEQLFDVMNIILSQODASCSQRNMOIKTYQVIPMTTRLGLIE
EREYPFLVKGGEDLRODORIEQLLDIMNIILSQODAACSQRNMOLKTYQVIPMTTRLGVIE
EKEYPFLVKGGEDLROQDORIEQLFEVMNIILSQODAACSQRNMOLKTYHVIPMTTRLGLIE
EREHPFLVKGGEDLRODORVEQLFQVMNGILAQDSACSQRALQLRTYSVVPMTSRLGLIE
EKEYPFLVKGGEDLROQDORIEQIFEVMNAILSQODAACSQRNMOLRTYRVVPMTSRLGLIE

kosskkkkkkkkkhkkhkkksgoass shk sk skgakkkk sakk kekgkekgksk:
( KINASE )
WMENTCTLKDFLSSRRTEQEQKT-————— ITRPNEFYDEWISKVAG-KVEGIRRYAELYK
WLDNTCTLKDFLSSNITEETQSRRQ—-———— QEVLPKYREWLQKMAGRK-DMFLRYPTMYL
WLDNTCVVKDFLLSNMTEDEHKRPS————-— P--KELFSEWLQRISGSKSDVTTLYGQOMYM
WLENTCTLKEFILNTMTEDEAKIYNSKT-TNGPLYHYNAWLDKKEK--VGDARQHVTSYT
WLENTCTLKEFLFDRMTEEERKH-————— CKRPAESYMEWLSKVAG-KEKGIAQYITMYK
WLENTCTLKDFLDSRRTEPEEKS———---— SPSPQDMYSAWLEKISR-RSKGQEQYHEVYK

WLENTCTLKEFLSNAMTEEERTNYETLSPKKGPKAQYNEWLTKMAGG-SVGPQRYGSMYK
WLEATNTLKDFLYNSMSEAEQENCS--S-T---TKHYKDWIQKMGR--CDNISRYEYMYR
WLENTYTLKEFLLKNMSEQEKNCYN--S-SQGPFADYKDWLCKMGE--RNRIECYMTMFK
WLENTCTLKEFLKNSMSEEEDINYY--S-PRGPRATYSEWLSRMGG-KAQGISRYHAMYR
WLENTCTLKEFLKNSMSEEEDFNYS--S-KKGPRATYNEWLSKMGG-KAQGVPRYHVMYR
WLGNTCTLKEFLLONMSEQEKNDYN--S-SKGPRADYNEWLSKMGD-RNAGLVNYVSMYK
WLENTCTLKNFLMESMSEEEKDDYH--S-RKGPRIMYSDWLSKMAGK-ENGIARYKTMYS
WLPNTCTLKNFLHSNMSEEEKADYC--S-EKGPLFAYNEWLSKMAGGKIEDFARYMPMYK
WLENTCTLKELILKSMSEGEKAAYE--SNPKGPVHEYSEWLYKMSK--KQODFGAYMLMYK
WIENTCTLKELLLNNMSEEEKAAYE--SGPKAPQLEYSTWLTKITG--KQDISAYMLMYR
WLENTVTLKDLLLNTMSQEEKAAYI --SDPRAPPCEYKDWLTKMSG--KHDVGAYMLMYK
WIENTMTLKDLLLSNMSQEEKVANN--SDPKAPIRDYKDWLMKVSG--KSDAGAYVLMYS

¥ o * ki HH : ko :

( KINASE )

3798
3819
3813
3821
3829
3826
3820
3823
3807
3812
3782
3822
3820
3779
3811
3816
3804
3804

3851
3873
3866
3878
3882
3879
3879
3875
3862
3868
3838
3878
3876
3836
3867
3872
3860
3860
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KAKRVDTVNNFRRIEQMVPDDLLKRAFVRMSTTPEAFLSLRSHFSSSHAVLCISHWILGI
KASRTETVTAFRTHEQATPGDLLRRAFIKMSTTPEAFLALRSHFASSHALMCISHWILGI
KASRTETVKAFRQCERAVPPDLLRRAFTKMSTTPEAFLALRSHFASSHALMCVSHWILGI
RCDRTNTVASFREREALVPKDLLRRAFVKMSTTPEAFLSLRSHFARSHALLCVSHWIVGI
TAKRTETVRAFRNVEHHVPEDLLRRAFMKMSTTPEAFLSLRSHFTCSHALMCVSHWILGI
KASRTETVANFQSIEKLVPODLLRRAFIQLSTTPESFLSLRSHFASTHALICVSHWILGI
RASRTETVMAFRSVESLVSRDLLRRAFTKMSTSPEAFLTLRSHFASSHALMCISHWILGI
RASYTETVVAFKARENLVPGDLLRRAFTKMSTTPEAFLTLRSHFASSHALICISHWILGI
RASRTETVMSFQHRENRVPEDLLRKAFVKMSTTPEALLSLRSHFASTHALLCISHWILGI
NASRTEAVTSFKSRESSVPEDLLRRAFVKMSTSPEAFLALRSHFASSHALMCISHWILGI
NANRTETVMSFKSRESSVPEDLLRRAFVKMSTAPEAFLSLRSHFASSHALMCISHWILGI
KASRIETVTSFQORENLVPEDLLRRAFVKMSTTPEAFLSLRSHFASSHALMCISHWILGI
RANRTETVLSFRNRETSVPGDLLRRAFVKMSTAPEAFLSLRSHFASSHALMCISHWILGI
RASRTETVMSFRNRENRVPEDLLRRAFVKMSTAPEAFLSLRSHFTSSHALICISHWILGI
HASRTEAVTAFRNRENRVPGDLLRRAFVKMSTRPEAFLALRSHFARSHALLCVSHWILGI
RANRTETITSFRNRESKVPADLLRRAFVKMSTTPEAFLALRSHFASSHALMCISHWILGI
GANRTETVTSFRKRESKVPADLLKRAFVRMSTSPEAFLALRSHFASSHALICISHWILGI
RANRTETVVAFRRRESQVPPDLLKRAFVKMSTSPEAFLALRSHFASSHALLCISHWLLGI

s * e * kkkookk sekk kkgokeskhhkkkkhs oshkgokokhhkgokk

KINASE ]

GDRHLSNFMINTETGGMIGIDFGHAFGS
GDRHLSNFMVNLETGGMVGIDFGHAFGS
GDRHLSNFMINLETGGMVGIDFGHAFGS
GDRHLSNFMINMETGGMIGIDFGHAFGT
GDRHLSNFMINMETGGMVGIDFGHAFGS
GDRHLSNFMVNMETGGMVGIDFGHAFGS
GDRHLSNFMINMETGGMVGIDFGHAFGS
GDRHLSNFMINMETGGMVGIDFGHAFGS
GDRHLSNFMISTETGGLVGIDFGYAFGS
GDRHLSNFMINKETGGMVGIDFGYAFG.

GDRHLSNFMINKETGGMVGIDFGHAFGS
GDRHLSNFMVNMETGGMVGIDFGHAFGS
GDRHLSNFMINMETGGMVGIDFGHAFGS
GDRHLSNFMINTETGGIIGIDFGYAFGS
GDRHLSNFMINLETGGMVGIDFGHAFGS
GDRHLSNFMINMETGGMIGIDFGHAFGS
GDRHLNNFMVAMETGGVIGIDFGHAFGS
GDRHLNNFMVAMETGSVIGIDFGHAFGS

khkkkk K*khk kkk sekkkkkokkhk ok

FLPVPELMPFRLTRQFINLMRPLAESGLI
FLPVPELMPFRLTRQILNLMLPMKESGLI
FLPVPELMPFRLTHQFLNLMLPMKESGLI
FLPVPELMPFRLTRQIVNLMLPMKDSGLF
FLPVPELMPFRLTRQFLNLMLPMRESGQT
FLTVPELMPFRFTRQFLNLMLPMGVSGLI
FLPVPELMPFRLTSQFLNLMLPMKEQGLL
FLPVPELMPFRLTRQFVOLMLPMKESGLI
FLOLPELMPFRLTRQFVNLMLPMKESGLM
FLSVPELMPFRLTRQFVNLMMPVKEWGLI
FLPVPELMPFRLTRQFVNLMMPVKEWGLI
FLPVPELMPFRLTRQF INLMLPMKETGLI
FLOQVPELMPFRLTRQF INLMLPMKESGLI
LPVPELMPFRLTRQF INLMLPMKESGLI
FLPVPELMPFRLTRQLINLMSPMKESGLV
FLPVPELMPFRLTRQF INLMLPMKETGLI
FLPVPELMPFRLTRQF INLMLPMKETGLM
FLPVPELMPFRLTRQFVSLMLPMKETGLM

ek skhkkkkkkkok koo Kkk ko *

( KINASE

T3950

3911
3933
3926
3938
3942
3939
3939
3935
3922
3928
3898
3938
3936
3896
3927
3932
3920
3920

3971
3993
3986
3998
4002
3999
3999
3995
3982
3988
3958
3998
3996
3956
3987
3992
3980
3980
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QOSVMVHSLRAFRAEPDLLLNTMDVFVKEPSLDWKNFELKQLKKGGTWTESVNTKEINWEP
RSIMVHGLRAFRLDPDLLLSTMDIFVKEPSLDWKNLELKQMKKGGTWNKDVNTREIHWYP
YSTMVHGLRAFRLDPDLLLNTMDVFVKEPSLDWKNFELKQLKKEGSWSKDVNINEINWYP
DSVMVHSLRAYRSDPGLLVTTMDVFIKEPSLDWKNLELKQMKKKGEWKKAVDVTSHNWHP
YSVMVHSLRAYRADPDLLINTMDVFVKEPSLDWKNFELKQMKKAGSWSEAVNTNEINWYP
SSVMAHALRAYRAEPDLLLNTMDVFVKEPSLDWKNFELKQLKKGGTWKETVNTKEIDWYP
YSVMVHALRAYRANPDLLLNTMDVFVKEPSLDWKNFELKQLKKGGSWTKEVNTKEVNWYP
ESVMVHALRAYRTDPSLLITTMDVFVKEPCLDWNNFMLKQLKKQGTWTKKVNTAEKNWYA
YSVMVHSLRAYRINQDVLINTMDIFVKEPSLDWKNFELKQLRKGGTWTKEINTDEVNWYP
YSVMVHALRAYRSDPDLLISTMDVFVKEPSLDWKNFEQRQLKKGGTWIKEINTSEVNWYP
YSVMVHALRAYRADPDLLISTMDVFVKEPSLDWKNFEQRQLKKGGTWIQEINTSEVNWYP
YSVMVHSLKAYRVYPDLLINTMDIFVKEPSLDWKNFELKQLKKGGTWTKDINMDEVNWYP
YSVMVHSLRAYRTEPDLLVSTMDVFVKEPSLDWONFELKQLKKGGTWSKEVNTAEINWYP
YSIMTHALRAYRKDPDLLINTMDVFVKEPSLDWKNFELRLLKKGGTWLKEVNTCEVNWYP
YSVMVHALHAFRTDPDLLLNTMDVFVKEPSLDWKNFETKMLKRGGTWTRAVNTADTNWYP
YSVMVHALRAFRLDPGLLISTMDVFVKEPSLDWKNFEQKMLKKGGSWTREVNMTEMNWYP
YSIMVHALRAFRSDPGLLTNTMDVFVKEPSFDWKNFEQKMLKKGGSWIQEINVAEKNWYP
CTVMVHALRAFRSCAGLLTDTMEIFVKEPSFDWKSFEQTMLRKGGSWIQEINVTEKNWYP

s Kk k Kkekek g khkeookokhhk okke o s * % e

( KINASE

LOKVNFARRKLEGTNPSVITSEELCLGFEKMPEYKGLLAVARGEEQHNIRARLADKDLTV
MOKVRYARRKLEGANPAAITRDELQLGHETTEAYKSYVAVAMGDKEHNIRARVPEDGLSV
ROKVNYAKRKLEGANPSAITRDELQLGHEKSKAYASYVAVAMGDKDHNVRARESEEGLSV
QOKTIHCAKRKLDGANPCEITCEELRLGHESAPEYKDFIAVARGDKKHNRRTNEPPDGLTE
MOKVNFARRKLEGANPAVITSEELKLGFEKSPAYQSITAVAQGEKEHNVRAREAPQGLSV
ROKVQFAQRKLEGANPAATITSDELKLGFEKESWCRAALAMAQGEQGVNVRASQAAEGLAV
VOKVKCGROQKLEGVNPIVITCNELQLGHEKLSAYQSYLAVVKGDPDHNVRAREVKEDLPV
VOKVNCARRKLAGTNPAIITCDELELGHEKSVAYKEMKAVAMGDKTHNVRAREPKDGLTE
LOKVKIARRKLAGANPAVITCDELRLGHEKSEAFREYVSVAQGSKQFNIRARQPQODGLAE
LOKVNYVRRKLTGANPAIITCDELRLGHERSPAYNDFAAVARGNSNHDIRAKEPEDGLSE
LOKVSYVKRKLTGCNPGRITCDELRLGHEKSPFFSDFVAVARGNAAHNTRAKEPEDGLSE
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LOKVNCVKRKLAGSNPAAITCEELRLGHEKSLAYRDYVAVARGTRDONIRAKEPEDGLTE
LOKISYAKRKLTGTNPAIITCDELRLGHEKVPAFGDYISVARGSKDHNVRARQPEEGLSE
LOKINYAKRKLAGANPAATITCDELHLGHEKVPAFECYVSVAQGNRDHNFRAQQPDDGLSE
ROKICYAKRKLAGANPAVITCDELLLGHEKAPAFRDYVAVARGSKDHNIRAQEPESGLSE
QOHKIRYAKRKLAGANPAVITCDELYLGHEASSAFRSYTAVARGNRDYNIRAQEPESGLSE
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Supplementary Figure 1. DNA-PKcs, jawed vertebrates

DANIO EDQVDCLLDQATDPNILGRVWIGWEPWI 4119
MILII EIQVDCLIDQATDPNILGRVWEGWEPWM 4141
BAMBOO ECQVDCLIDQATDPNILGRVWIGWEAWM 4134
XENOPUS ETQVQCLIDQATDPNILGRVWKGWEPWI 4146
STERLET ETQVECLIDQATDPNILGRVWVGWESWV 4150
GAR EIQVECLLDQATDPNILGRVYMGWEPWI 4147
LATIMERIA ETQVACLIDQATDPNILGRVWEGWEPWM 4147
CAECIL ETIQVKCLLDQATDPNILGRVWEGWEPWM 4143
SNAKE ETIQVKCLIDQATDPNILGRTWEGWEPWM 4130
CANARY ETQVRCLIDQATDPNILGRVWEGWEPWM 4136
OSTRICH ETQVKCLIDQATDPNILGRAWEGWEPWM 4106
GECKO ETIQVKCLIDQATDSNILGRVWEGWEPWM 4146
TURTLE ETIQVRCLLDQATDPNLLGRVWEGWEPWM 4144
ALLIGATOR ETQVKCLIDQATDPNILGRVWAGWESWM 4104
PLATYPUS EQOVQCLIDQATDPNILGRTWIGWEPWM 4135
TASDEVIL ETQVKCLMDQATDPNVLGRTWIGWEPWM 4140
HUMAN ETQVKCLMDQATDPNILGRTWEGWEPWM 4128
MOUSE ETQVKCLVDQATDPNILGRTWEGWEPWM 4128
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