Supplementary Figure 5: COBALT analysis DNA-PKcs from representative examples from all major phyla (short list)

Supplementary Figure 5: COBALT alignment of representative DNA-PKcs sequences from all major phyla/short list.
Conservation setting 2 bits. See Supplementary Table 1 for more information on sequences and organisms.

Sequence number Sequence name Descriptor Scientific name

Icl]Query 10001 CAPITELLA Annelid worm Capitella teleta
Icl|Query 10002 STARFISH Crown of thorns starfish Acanthaster planci
Icl|Query 10003 LANCELET Belcher’s lancelet Branchiostoma belcheri
Icl|Query 10004 HUMAN Homo sapiens

Icl|Query_ 10005 ESHARK Elephant shark Callorhinchus milii
Icl|Query 10006 LIMPET Owl limpet Lottia gigantea
Icl|Query 10007 LINGULA Brachiopod Lingula anatina
Icl|Query 10008 TRICHINELLA Parasitic roundworm Trichinella pseudospiralis
Icl|Query_10009 AMOEBA Slime mould Heterostelium album
Icl|Query 10010 GLOMUS Fungus Glomus cerebriforme
Icl|]Query 10011 MOSS Spreading earthmoss Physcomitrella patens
Icl|Query 10012 TERMITE Cryptotermes secundus
Icl|]Query 10013 SALPINGOECA Choanoflagellate Salpingoeca rosetta
Icl|Query 10014 ROTIFER Brachionus plicatilis
Icl|Query 10015 SHRIMP Penaeus vannamei
Icl|]Query 10016 SCORPION Centruroides sculpturatus
Icl|Query 10017 SPONGE Amphimedo queenslandia
Icl|]Query 10018 TRICHOPLAX Placazoa

Icl|Query 10019 STONYCORAL Stylophora pistillata
Icl|Query 10020 OOMYCETE Plant mildew Plasmopara halstedii
Icl|]Query 10021 FLATWORM Macrostomum lignano
Icl|Query 10022 STYLONCHIA Ciliate Stylonychia lemnae



Supplementary Figure 5: COBALT analysis DNA-PKcs from representative examples from all major phyla (short list)

Query 10001 MA---RA LQEQLAGLVSDTR---GQPG-vVNARISHES-- -IGNIGAIC-LNDV-NASDVDLAY-SVIFN 57
Query 10002 MA--tAD LPVKLSELNGLIS---TKSG-1HVAEKAQD--- LVVDLGHLC-LRQL-SENELAYCC-SQLFN 58
Query 10003 MAG-sGS LEARLSELHALLA---ESDH-gHGAVEAHN--- LVADIAQIC-LRHT-AERDVAYCC-SVLFQ 59
Query 10004 MA---G- --SGAGVRCSLLR---LQET--LSAADRCGAAL[ 4]LIRGLGQEC-VLSS-SPAVLALQT-SLVFS 60
Query 10005 MA---GP RGAAADTLSAFSK---LHHL--LSLSDVKSAAA[ 4 ]AVGSISRDFrCSSS-SDSQLALQS-SMVFS 64
Query 10006 MA--sGL LEESLRDLHANLK---D-=—=—— GGQSELDQID[ 1]IVPTLSQIC-LHEI-TEKDIDYCS-SVLFD 57
Query_ 10007 MA---GN LODLLCTLHSCVG---GEEEdaRGGRKTFD--- LVRDIANLC-LKET-SDRETDYCS-SLLFN 58
Query 10008 MAY---- —-STVDRIRDALN---SLKD-fIEGADSDQAED[ 1]-VQQIFNHFhKLNG-SERNFGFCFnSLLSN 59

Query 10009
Query 10010

[4 ]JMNN-vDS[4 ] IDGYLVKLHQSVGgttSTSTtaTTATAAITSAS|[ 15 ]LIEQLSNVV-LKEL-AEDEIGVAA-SLLFH 89
MSG-1DT LOKCLQELANCRONiv-QKS---SFGEAVGEAL[ 2]-SQDIDHIV-SNDI-EDQELGLAT-QLLFD 63

Query 10011 MDK----[1]LGSCLASLRDAADSVY——-——-— SSGGFVDLAP[ 1]-VVDFSELC--KDLySDEDISYAI-AIVFD 57
Query 10012 MMG--S- ---ELIGFVEVIN---SCIS--GNHLNKYIEAK[ 1]NISNIISYFeDKRKrTDL--DGAF-TVLFD 57
Query 10013 MAA---- ARSELERLCRNLE---EQRL---SASPRRFIAA[ 2]IVADIAAYT--RTLtTPPELALAA-SILLG 59
Query 10014 MND---- LEKHIQNLFDSLS---NSNV -VLDIVYLCgEN-L-NPQTITFCL-SLFFK 52
Query 10015 MAG--GG 1]VIVDIAELLaVDL--TPAQYDLYI-SQVLG 61
Query 10016 MNEitNS VIKDISEICIRGTL-SEKDRSYVC-SLILR 59

Query 10017 ME---SR IESLWESLHSSSP---QRYS ---DLYSLC-VEQI-TESELAYSS-SVLFN 52
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Query 10018 MA---SN LSQLLIDLHALLN---LQSL--HRGSNACDIAS ---DITVLC-LQTA-SDAEKAYCS-SALFG 56
Query 10019 MS---DL LNRYLTHLHSLPS---LDAP--HCGLDASNTVV ---DLGSFC-LENV-SSSEQAYYS-SLLFS 56
Query 10020 MTT----[1]LNERLEELTAFLLh----——-- AQAVESIDETL[ 2]LRLEVSEAMiLSRA-SAQQCTILL--FQSA 58
Query 10021 MSS--DD[4]--—---— IDKFLKdp----—=--——--— ELKESKA[ 1]----FNVIFnEFASsNENFKHNKYIAILFD 51
Query 10022 MEQ----[1]IDELLRQLHKFLF--——--—mm——mm—m———— A[ 4]VVNELRIYI1DESL-KEADLAFIS-SKIFN 50
Query 10001 58 HETGLIKFLKKIIQNDEF---EG-C--KCEILELLKTFISKF-PGKVH--PYAVDVKDACLQL-ITRDRRARVKNNATPL 127
Query 10002 59 KDNGILVFLNKAIPKDEL---KG-S--KEQLLEFLHAFLLKA-GSRLL--ARTVEIKKICISA-FMRDKSAKVKTKTFPV 128
Query 10003 60 ESTGITAFLRKTVTLDQY---LP-A--KVETLSFLLAFLEKI-GRKIQ--PHAVEVKEVCMAV-FSRDRLSRVKCATFPV 129

Query 10004 61
Query 10005 65
Query 10006 58

RE-C--REEILKFLCIFLEKM-GQKIA--PYSVEIKNTCTSV-YTKDRAAKCKIPALDL 130
RD-S--REDVLKLLSEVVERI-GEAVG--RYACDIKGTCVVV-YTKEKAAKCKAAALDL 134
0G-SnaKYGLLELLSDFIHKV-GKKAL--PYLVEIKEASLSN-YMTDRFTKIKSSALPV 129

Query 10007 59 KDTGLVSFVKKVVKQAEY---DS-T--KTAILETLCLFMERA-EKKVL--PYAVDIKDVCITL-FIREEKAAVKKVVIPV 128
Query 10008 60 DSNSLLSILSSSIGKTAF---AQ-Ti--VYGIDIIRLAIAKT-TSLSP--SHRKAIMRFTLRL-LKQDYLKGRREVVLYL 129
Query 10009 90 GDHNLLKFLERSVLINTK----DmIk1KTSILNLISKLIKSF---KLQvaDYVVPIKSICISL-FRRDQSPTVQAATFEP 161
Query 10010 64 PQIGIIKFLNDTSRVTDSV----1AkaKIALLEFLFLYIRKI-QOSDIE--PYTEIIKNVHFGI-LNVDDEAFVKAASFKP 135
Query 10011 58 EDTGIFSILESLLRVRDK----SvVraRESCWSFLALFIKKI-GPRALh--YAALLKEKSLTF-FRREDSKSVQAAALTP 129
Query 10012 58 KKTGILQFIQKALKQDAF TE-A--IKESFTLLKQLIDVF-KERMS--CHVVQIKDLCKTC-ILLEKKAEEKDKAFDV 127
Query 10013 60 SDOGVLSFLRQ-LGLELY EE-C--KVAALEFLAGFIQRLpADRLT--PYAVRIKDTCLTC-F-RDKRAKVKSLSFKP 128
Query 10014 53 REKNLLTFLRKTITRDEF---RG-C--KVDLLQFLEKFITSA-EKKIL--PYSPDIKDTCILL-FSSDKYSDVRCATFSI 122
Query 10015 62 EK-GIITFGRSVSKDQSF---VE-A--KKSTLDVLKTLLDKE-AQKIN--KYVDDIRKYTLYL-YNVEKSTKVQAAALEV 130
Query 10016 60 KEDGFLHFLEEAVNTPSL---KD-S--LIEALQFLNLFLINI-GNKVV--QYGITVKDVVFSI-FLRNQLAKVKILALSA 129
Query 10017 53 PDNGILKFLHDVTTLEEF---AS-C--KEELLKLLSNFVKNL-SRRVL--SHIVPITDVCVFI-FMREKSAKVKNATLNL 122
Query 10018 57 QDYGVVTFLRKSIGLDDL DK-C--KEDLLKLITAYMEKI-GGKIS--PYAVQIKDVCISL-FTRDKAARVKNATFPP 126
Query 10019 57 GETSIVSFLRKVITLDEF---QD-A--KIELLKFLQSYVMKM-GKKIN--PYVVEIKDICLKI-FSQDHSNKAKAETLPL 126
Query 10020 59 EPPSLLRFLSTSAEFTDGarkREiSaaRIGVFELLSAFLKVYgAHSALskQHVIDLYKVCQQT-ARSDPFNRVKAQALNV 137
Query 10021 52 EPEGLVYRLQSKEVSEDA-———=—=—— KKDGLDFLTKLIAQSPALLATS---LPKVKCLAESLIFSSISSAKVRIASLNC 119
Query 10022 51 SNSSLLEFLRENSLHNDK1----1iSsvKKKVYELIIDYLKLR-SQEAT--PYLKLLKDTCLRS-FRSDHNSLVKESSLQL 122

Query 10001 128 LIEL LKQTSGL-PVAGDLQVEGMIERLFKELIK-SPKP-AA-SVKAHIFHLLGVIAELFPEKMV--RGSDKLL--NL 196
Query 10002 129 LIEL LORSASA-QMEADLDIPKMIELYFEQLMQ-PSKL-SQ-TVKQGIYCLLGVLAEIYPVLM--sGYSERLL--SV 197
Query 10003 130 LKKV LOLTIHS-QLGDELRVSDMVDRMFLELTM-KSQT-TA-TVKSGALSLLGVISEVYPDLMVgkDHPDRLL--KV 200
Query 10004 131 LIKL LOTFRSS-RLMDEFKIGELFSKFYGELAL-KKKI-PD-TVLEKVYELLGLLGEVHPSEMI--NNAENLF--RA 199
Query 10005 135 LITL LHSKLSS-SCLOQFKIGELFNKFYGDLSQ-KSKF-PD-TVLEKVYELLGVLAEVQPTEML--HNSEKLF--CA 203
Query 10006 130 LIKV LELSVGS-NMGEDLKIQKFIEKFFMELTK-ASKL-TA-TVKGKIYYMLGVICEIYPEYMT--TDSTKLL--DI 198
Query 10007 129 LIKL LELTEGS-QMSEELNMREMIELFFMELSR-KTKH-QA-SVKRELYKLLGIFAEVYPEGMV--NYAERLT--DL 197
Query 10008 130 ANEC[ 3 ]-SSVLSTeSEELNFCYDELLHCCLALIDS-LKKL-QON-GVKKGLFIIIGSLCQEIPEKLItaDYNYALLfaNI 205
Query 10009 162 IQKI LHMKLTDnINPEVFGVREMSDLLLLQFTC--GKL-TQ-TVKAELLETVGLFTEYFTGIMF--DKSAQLIs--I 230
Query 10010 136 MMAM[ 3 ] ----SKRiIDPEKLNVRDIISRYLEIFFV-RTKGt SGVKAKAGALDMLGIIAHRFPEYVDf--EKNKILr--V 206
Query 10011 130 LIVL LELNMAR-LKPAMFAVDQELSTLLMLEFR-KAKT-NS-TLKANIIQLLGDLIEYFRESFE-eENVLAILk--L 199
Query 10012 128 IQsv LEN-GPW-ND--NLNVDELFDKLINPFKSnKSNTmPA-KVVQKHLHILGIIVHKYPECLR--PEETRLL1-RI 196
Query 10013 129 LIAL[5]LFTDENRgQLLRELKADDLLKKYLDPFHSSASKL-TQ-TVKRDMLHAIGLIISLSPAFAA-sSLSTSVL--NV 205
Query 10014 123 ISKI LELTKGEYEITAKMNIPKLADDYFLSLAN-QSKL-SS-SIKANILSILGRICWYHPEVIS--SKSNKCL--EL 192
Query 10015 131 FCTL LAKCGSH-IDIQEINVDQFIERLCIDIRSaKGST-----VLQHQLQTLGMLMYSYPQNLR--HQOSPLIL--KI 197
Query 10016 130 LIRKV LELCSGA1iS-SEQFNLQKIVNKIIEYLAQaSSKI-TP-TVKQQAYYLLGISSRHYPDCMQ--LCSERLL--NW 199
Query 10017 123 LINT LELCGKT-EYSHDLDIPKIADKFFQAALL-PTKH-SA-TIRGGIYHLLGVLCEWFPEHLV--KISSRLI--DI 191
Query 10018 127 LLOL LSSKLHS-SVVEELAISKLVDKYMSACKQ-PTKY-SS-TVKSGMYSLLGTIAEKFPEYIM--PHAQQLL--TI 195
Query 10019 127 MAEI LDVKLES-SVVEKLDVPKIFDKYFGACIQ-PVKH-SS-TVKYWLFSLLGTIAKVFPECVI--SHSDHLV--KH 195
Query 10020 138 VVNA[ 3]----AHKhTTSDEIEPRAYVEKLFYDIQY--SKA-AQ-TVKGQMLKVIGYLVEKFSAELK--KTVSPLLg--W 205
Query 10021 120 LSIC[3]---AVGSsVDGNQLNVGQLCERLRLEVGQ---RQ-TSeGVTQGLYRALGSICKHYPEEFQ-—--—— PVAvV-KI 185
Query 10022 123 LIKI[4]----- NSKkEIEEMIRPNDMMVMLLDEIKL--RKP-SA-TVKGTIWTLIGLLHEKYEQLNDfkVESQDVGf--- 191
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Query 10001 197 YMTTLK- QEIE-SKTHEPEYVLIAGCLQGLTHFMVNFTQSADEGAEHAY ---SIYKYCVKTM-DONIK--KKRYEMP 265
Query 10002 198 YIATLN- QOMT-SKTRKPELTVIAGCLTGLGHYLVNFTQSVEEGAKHSK---DIYRFARMAI-DPTVD--HTRYELN 266
Query 10003 201 YISMLK- EQME-SRTRKPEMLVISGCLEGLTHFLVNFTQSVEEGSAHSK---DIYNFTRRAV-SPQVE--MARYDVP 269
Query 10004 200 FLGELK- TQMT-SAVREPKLPVLAGCLKGLSSLLCNFTKSMEEDPQTSR---EIFNFVLKAI-RPQID--LKRYAVP 268
Query 10005 204 YLNELR- VOMT-SATREPKFLVVSGCLRGLTALMINFTKSMEEDPKASK---DIFDYALKATI-NPQID--LKRYAVP 272
Query 10006 199 YKSSLK- SQMM-SKTNKPEMTIISGCLEGLTSYLVNFTQQSGDD-S-CY---YIYKYCKMAL-KQSTT--LTRYEVP 265
Query 10007 198 CVRTLO- AEMN-KKTGKPEIPVMTGCLEALSSILTNFTQSAEEG-KHSY---DIFKCTRMAL-NLEET---ARYDLT 264
Query 10008 206 MSEELKN -QMC-SSTIHSPSYSVIEGCFLGLNDLLAHFSNLFDGACRMSCs--ELFNLIKKAC-NPKND--VHRLGHL 275

Query 10009 231 FMETLGS —QLK---SKTPETFLIKSSLLGLNSLLLNFSSDFISGSSKNVgl--LYQYLYICL-DPVSSs—--QRFDIP 298
Query 10010 207 FLANLKE[1]-SLT DAAFTGLYSFLFAYSDSIKKENQDAY----IFKCIMNSItMVEND---RTYSIV 264
Query 10011 200 CLDTLEE -QLQ----KSPQLVLMAGAIKCLDSLLMWFNDSLPAGGSVENSr-RVFTCIEQVL-WPREE--LKRYEPL 267

Query 10012 197 YLSELEM -QTS--HATAVKYQITAGCLNGLTEFLYVFP--LKPQEKEAR---RIYDCVTAVA-RKHKE--M--RVAP 260
Query 10013 206 YLSELRK —QMT--GTKAPELPTVEGCFRGLTAYLKTNPVSCDPSARQATpgVQIYNYVKMAI-NPDVTVKMTRFQVP 278
Query 10014 193 FLTTLKN —-EIN-AKFRKSDLSLIAGALDGLNSYLNNEFSVSETSDHLRA. VFNFIKLSL1SSSED--LSRYAVP 260
Query 10015 198 FKGQLVK -HTG----SKPDLNALAGVLRGLALYLHHFPEGIDDDPQLFT---ELYKHIHKVL-NPDLN--LPRRDAQ 263
Query 10016 200 YLKDLKF ~HTT-SN-QKSESSIIVGCLQGLNEFMYQFPLODTEDTEKAY---QLFKFIRIIL--SKRD--VKTYDMA 266
Query 10017 192 YMSNLK- SEMTVKKTKKPELPIISGCLYGLTAYLNNFSQSASEGSVYAQ---DIYKYTRMAI-DPLAN--LTRYEVP 261
Query 10018 196 YLNTLK- SQMT-GKNTKLDMPVIYGCLRGLTSYLYNFTQSVEEESKYAA---DIYKYARLAI-DPKVE--LPRYDLP 264
Query 10019 196 YVSVLKL[ 5 JMQMT-RKTKKPDMLIIAGCLRGLTSYLTNFTQSVSEGSKFAK---DIYTYGRMAI-NPQVS--LSRYEVP 270
Query 10020 206 IEHELEK -QFL---STSPEMMIVNGLLFALARLLKCDAGRYKQNDALRK---KVYSYLLTIF-ATTTNgnLSRYQVT 274
Query 10021 186 SVNVVKS|[ 2 ]QKIK-SDHTKVQFAVIASLFEFLSNYFCHFSL---EEPDLKQ----VYHLAVKVI--AGKN--YQRYEAP 252
Query 10022 192 --QELVA —QMK---SEKPEIKAIIGMLKGFTHSLVG--ECTLDQDQLDA----LYVCLKTAI-QPILD--MQHKGVM 253

Query 10001 266 KASLGLMAKHSAQMSDYLLDDFKDLYETLSYWTNHNNREMAHIGMLALEDFLVQISSALVTKV-KEGN-rkEGAVFKFFI 343
Query 10002 267 KAGLNMFAKHSAQFGPYLYSDHQDLHEAFNKWSAHNNPAVKAVGFAAQEAFLOQIAEILVERA-AKRD-asDMAVFRFFV 344
Query 10003 270 KAALWLLAKHAAQFNEYLMNDYEDMYRKLYEWSQHPNRDLKQAGYAALESFLKQISDMLVARH-EKENnkaDLAVFKFFI 348
Query 10004 269 SAGLRLFALHASQFSTCLLDNYVSLFEVLLKWCAHTNVELKKAALSALESFLKQVSN-MVAKN-AEMH--~--KNKLQYFM 342
Query 10005 273 LAGLRLFTLHSSQFGTCLMDNYRTVFEKMKKSCGHTNSEMKKASYSALESFLKQVAI-QVAEN-AHLH----KDKLEYIM 346
Query 10006 266 KAGLHLLSKHASQFNEFLIDDYEDMYDRLYFWSHHHNRDILHVGMCAMESFLKEVNMSYLSFG-D--—-------SVFFFI 335
Query 10007 265 RAALTLLKRHASQFSQFIYENHERLYSVLLAWSQHNNKDVSSLGMEALEAFFKOMAEMLATKA-EEGH--pDRAAFAFFI 341
Query 10008 276 KAALSLFISRVQFFRHHFLDEYSLLNECFSHWAKHYDREIKTYSLNAEDLLIRELATELITKVDSDPN--hVRSVYKYFC 353
Query 10009 299 RAAMMVVQRHTSLFKQYLTEQSEKFFARLEEWCKHINKKNRDLAFNTIDSFLOQIANELTVGNRSIES---DQATFKYFI 375
Query 10010 265 KTGLQYIIDHSNIFGEFFLREYKEIWQCLWKLRVHRNPEVRNAAFKAIWAFLKQIAKVLNSATEFKEF -———— DCVDYFM 339
Query 10011 268 KASLRLLSRHAGLFRMRLIESGIRNMHWLQEHCTHSNAKIRDAALPAYDQFITHVSSALVSDSRIRNA----QALYTAFV 343
Query 10012 261 RCALGLIQAHGGQOLAKFLYDEYKFWHEFLLKWINSAGED-HKAGVSALDVFYNQVASILKDNT-SET----GHHVFLYFI 334
Query 10013 279 RAALDLFALHADQFRSMIATDFELLLQYLSDSCEHHNKDIKASAFRALEAFLOQSVAHMTKAGKSKDT----MFMFGTLF 354
Query 10014 261 KSALNILIKHCROFDELIYSDYKEIFDRISQWSEHKNYDMKKLAYLALDSYYKSLAEMIRVKSNTETD-kcRL-IFKYFI 338
Query 10015 264 RAALELIHTHGAKFSSQLFEDCTQVFQWFVKWCGSRNRDDHKAALPAMDTFIVVIANMLELQA-MEDD-krGVKIFKYLL 341
Query 10016 267 KASLTLLSSHASLLAQFLYEDSMNIYKITEIWTNHSNREVRSLGYNALDAVFKQISDML--EQNYE-D-scKAEIFKFFI 342
Query 10017 262 RAGLSLISRHAAQFREYLVKDSEHMYESLSSWSNHKNKECRVVAVNAIGSFFREVSTQISDPSISREL---GISNYKFFM 338

Query 10018 265 KAGLNLIAKHAAQFCDYISREAEALYEVIYRWCRHRNRDIRAAAFHALEEIMKQIAEYLVNEN-DAAN- 339
Query 10019 271 KAGLYLFAKHSAQFKEYIAKDYEVMYGDLYRWCKHHNKETSYAAYAAMEAFFQOISLYFVGRHGDKSD- 346
Query 10020 275 NSAEHFLEKHAQVFHEEIGPNSLAWFSYMKSCCLSDNKTVKQHAFECSNSILOVLNSYLAEAKDDMRK 349

Query 10021 253 KQALLLFANHCPVFSAFLADNYEVLFEQFFRWSTHHNRDLMHVGMLAFDAFVKSVSTAATSAASAESAtpaQKKLFLFFL 332

Query 10022 254 KSAMKLLGTHINLFKKHVTRHAIELVALTLKLCVNENMETRDAANEMLVHIMOEISDGITIDSSIHDD - =~~~ IFRKIM 327
Query 10001 344 QKFRDIM DNNSSGSKEIAIA-IKGYGYFAAPCKLYLTPKDVLFMFNEMLHRSEQLFLSGAEQND- D RIIG 411
Query 10002 345 KRFRDII DNPOSDTRALSSA-VRGYGYFAAPCKLFMTDDDVKFMFTEMIQRSEQLYLQOGEVSD- D KLNQ 412
Query 10003 349 REFRTII DTTEAGTREMSIA-VRGYGFFAAPCKMFLSESDVKFMFSEMMORSEQLYFGTADSME - D KVHH 416
Query 10004 343 EQFYGII RNVDSNNKELSIA-IRGYGLFAGPCKV-INAKDVDFMYVELIQRCKOMFLTQTDTGD- D RVYQ 409
Query 10005 347 QQFYDII RTPESSMKELSIA-IRGYGLFAAPCKA-VNSNDVDFMYIELIQRCKOMYLTEADTED- D NVYQ 413
Query 10006 336 KQFRQIM NSSESSDKEVSLA-IKGYGLLAGPCRRFLNVTDVVFMLSEMLNKCEQQFLLKVGENQ- D KMYG 403
Query 10007 342 RQFRETL DNPHAKQNEIASA-VKGYGAFAAPCKFHMTAEDVKYMFNEMMORSEQIFFSKNELKV - D NVYN 409
Query 10008 354 NQFDEIF SNT-SGIREISMI-SKSYGRLFQIGKALYGEEEVCKVLRKLLORFEYLSTTSSDAQQO - NVYH 420
Query 10009 376 RKFYSIF ENNNSTPFDISIA-IRGCGRFAAPVKAFIGEWELKSLLGSLFKFSEKLMVVKLENIDE[1]- -VMH 443
Query 10010 340 LIFDDIA[ 13 ]EEQDQKTKDISIA-VRGVGYFACSVKRLDKEERYKPIFQNLLNPSNWAISNLNEIEIT -[1]ALSQ 421
Query 10011 344 KDALDVL NAQDADPKRISLA-IRALGKLAACIVKFSGKESLKDAFHRL-——-- EPFGSLSRLGDG[1]E[1]SLGY 409
Query 10012 335 NFFKNKM LSSSTSSYDMKLV-IKAFGLFAAPCRVYMTPQDVLYMFTVVMORAEQIYFKEGDISNA - DLON 402

Query 10013 355 KRFKAAM GEA-ASHRAVAIA-IRGYGYLAAPCKLLCGVDDLRLMSDDLARRCQOLYFHMGDDEQE E SAIH 422
Query 10014 339 QKFYKNL TDGNKDLKEMVIS-IKGYGAFAGPCRELMDTKDMKLMLNIIIDICDRNFLSADSAQHN[ 4 ]E KIFQ 411

Query 10015 342 QEY-NKM LETSESTSKLSLA-VKGYGLLSGACRQFLSPVEVHTMFSQVLTASQHAFYQSGDMLEN - KLTN 408
Query 10016 343 EKF-QLM IKCSENIRRVSTA-IRGFGYFAKVCKLYLTEKDVKYMLNDVIKKSEQHCLNEE-——-— [4]E RIQI 409
Query 10017 339 KCFRSLM NDPDINHRLLSIA-VKGYGHFAKPCRLYGSMEDLHFMFGEMVQRSEQLFLASVDFTTS[ 6 ]E ERFL 413
Query 10018 340 KKFRSII DSGSSDAKELAIA-IRGYGYFAAPCKTLLKKDDVRFMTMDLLORSEQLFFI--DVNV- D KIQY 405
Query 10019 347 KTFRRII DSVLSDTRQMAIA-VRGYGYFSKPCKLFMQADDVRFMFSEIMORSEQFYLSQSDLSE~ D RAQH 414
Query 10020 350 KEVLPVI SDFGASTLAITFA-LQCLGWFASSIFTYLGAKGYIKIEDKLRVYGESLLALDAKTTAW[ 6]0Q YvVQC 424
Query 10021 333 QQFRQIL DSDGSSWKTVSVA-VRGFGYFAEAAKKLLAPPDMRQVYADVVQRAEDLFTAESDSSDE - RLSN 400

Query 10022 328 KEFETIL NNETNQTNVLLIStIKAVGIFSKAIKTKSGDDALREYLSKLTTLSONKIIKEFEQQED[6 N[ 6]KQKQ 409
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Query 10001 412  LHSFLGALASIVEELD-QFSETFLFSLERLVVLQMOVLPRLHVKLHNQCYIALIRLFLGLALKGSIF-KGFLERIIYQSL 489
Query 10002 413  LPNFLEALASIMRQLD-VLSDSFQAALERLVVVQVSSYPRVPNKYQYLSHQATILLVLIALSSKGATL-KNFLSRVVYQAL 490
Query 10003 417  LPSFLEALASIVQHLD-QLSDMFVTSLERLVVVLFENFPRLGKKMHLICQKAILKVLLALVPKGATL-RTFLSRIVYQAL 494
Query 10004 410 MPSFLOSVASVLLYLD-TVPEVYTPVLEHLVVMQIDSFPQYSPKMOLVCCRAIVKVFLALAAKGPVL-RNCISTVVHQOGL 487
Query 10005 414  LPSFLDSIASVIFHLD-KIPGVYTPVLERLLVVQIDSFPLYSARMOPICCRSIVKVFVALAGKGPVL-WNFISTVVHOGL 491
Query 10006 404  LHSYLDAIANIIKEID-ELSETYASIVEHLLVMQIQNMPMLNEKMHFMATKSVIHVLLALMCKGSVF-NQVLSGVVYQSV 481
Query 10007 410 LPSFIESLARIVEQME-EVSDTFLVSLEKLVVCLTEHFPSLYKKRKLDAVQSILGIFHALISKGPTL-RIFLGRVVYQGL 487
Query 10008 421  ITNILEAASRGLLCLS-KIADDVWQLVERFHVTLFHNFPLMEKRFYHRCKVINVATFAAAYGHNYQY----IQSIVFQSL 495
Query 10009 444  LSSFINAFSNILFEIK-DIEYWYMEHLEQAVATYFIIFPYLFTVQRERYYSAVNRLLSSLYHRPEFL-KTLLGRIVROGL 521
Query 10010 422  IPLYIEAYCFIGREYD-EIFQQLMETIEHEVGLMMIYFPRMVYDLRLRCVNAFEHLLWMLYLKGRGTMEKFVSKSFYQTL 500
Query 10011 410 AVTLVGAFADMVIHLD-DVEDLMVTFIAQVTGSIFFLYPQLFAKQKQAVYTALRNLLKALYPKGPVY-FLFLRNIVWSSL 487
Query 10012 403  LPDYIESLSSIMROLS-AVTNEQLVALQCLTVQLIENFPKLPKPFHWLAIRAITVTLSSLAESGGTF1EEFLSNVVYQGI 481
Query 10013 423  LASYIDAIARLIQQLE-ESGDVFLPILERLIVLLLEAYPSMYRTQRASVHLSLTRCFVSLYHKGSTL-QTFFAKVANHVE 500
Query 10014 412  LSSFIESLSCVCSQID-SFSEGSLNTMEKLVILAIDCYPKLVKRYNNQISLAIAALFLAIQRTNFSD-E-FISRIIYHSL 488
Query 10015 409  LPSYIESLAIIISNMD-VVNSGILENVQQLSSALVEHFPLVSSFKRFLAYRALFRLFFTVYNKPGYF-HEFLHTFVYKAI 486
Query 10016 410 LPSFLDSLSSIVLOLQ-EISESSLNYLEKLAVFQIQNFPYLPSPYHFLCYNSLIKLFLAVHSKGPQF-KGFLNKIIYQGI 487
Query 10017 414 LPTFIEALANISKEIQ-NLPDVCLSSLOKLSVLLFHCYPFLSSHVRYQGSVSLLKLIMAVSSIPTSF-KQFLSHIVYQGV 491
Query 10018 406  LPSFLEAFASILNILD-EVNDTFTRSLEKLTIVLFENFPYVINELHSLCYKSLFELLLALHSKGAAL-KNFLSRVVYQGL 483
Query 10019 415  LPTFLEALSSIIEELD-KISDSVLACMERIVRVLFDKFAILNKGGKFLCCKALIRVLFHLSSKGAIL-RNFLSEIVYQGL 492
Query 10020 425  IGQFVQHRSDVV--LD----EGYIMFLERILCHLMTAYPQCLLKSKSVVHKSIAALFVSLSKWIVID--PVVDQFVHHTL 496
Query 10021 401  LPSFVESLSNLALHLD-ELTGVFLSLLARLSVTVCHMYPRVSERMGRVGLRAVAHALHRLRSRRPGLaKAFAAQVVYQSL 479
Query 10022 410 LLSFIESYSFIIQNLDsEPSDEVTQHFLKVCEIGVRHHRKLYQKYRDRFYEALASFTKALSKHOKAF-ANWIQKFVDLSL 488
Query_10001 490  IRSCSH---PIVLESQEAKSEN---[3]VNLKVD-—————— VSYQDYLPMWKA-LLT AGKLKAL-GQYNITAEQHR 550
Query 10002 491  VQTCSH---PVVLDGSPSIDH--pV[5]QDTEADILADARHITYKDYVKLWAS-LLD STHVKEV-QAMGMNYADRR 561
Query_ 10003 495  IRTCSH---PNVIEGVTAEDED1pV[5]GGEQQPQOPPVKRFSYRDYLELWGN-LLD SSRLKEL-SQWGVAVADRQ 567
Query 10004 488  IRICSK---PVVLPKGPESESE--D[1]RASGEVRTGKWKVPTYKDYVDLFRH-LLS SDQMMDS-ILADEAFFSVN 554
Query 10005 492  IRVCSK---PVLLPGEGTGRSE--S[5]SASEVMWTGKWRVPSYKDYLDLFRS-LLN CGKMKEF-GLVD-TLQMIN 561
Query 10006 482  IRTCSH---PIVLETEQTDDD---T[5]VEKQ-—————— S-ISYKSYLNIWNL-LMD SPEIKVV-LFESFALFILT 543
Query_ 10007 488  IRTCSH---PVATDLGEVEAE-—-V[5]MESE——————— KKITYKDHLDFWNM-LLG SSHLKV---HSKLTPDEKS 548
Query 10008 496  IRVIAS-—-LPSVGKESIVLAK-——  ————————m DENTFHLADYLPFWKM-LLD S-EFVDL-SEFGFDRAMQV 550
Query_10009 522  LITFSKp-hEALLPHLNTGDTPW-—  ——————————————m YEVYKEVWYH-LLH[ 19 ] -QQVKQEeGEKEKEKEKDS 593
Query 10010 501  ILTCSD-———- ATQLONRSDLQn-—  -ANSKDMIDVVAEHTYQEMFFFWEN-IFK[16 ]ENRLNTI-———————— OLE 571
Query 10011 488  QRAMEP-————-VDEALEEGSVQ-—  —————————————m LWRHYVELWSH-LID[ 15 ] AESFEEL---VTSDVGNVG 549
Query 10012 482 - -FHENVFTYKDYIPLWKE-LL— -—SVNNF-QKRSTSLTQTQ 534
Query_10013 501  LSACSQ---SIRDTEDMAEDAVa-—  ———————————————m QSYLALLRQ-LLK GSGLVKI-PDEEMTHEDRN 550
Query 10014 489  IRIFSY---KTLYSVN-QEDTS---  -DETNEPMSSIIVTITSLDYVMLWSN-FLG LQEFSDL-K--SDNLDDKK 549
Query 10015 487  VLSCSH-———- APEVESSPGEQQSS[ 5 ] GGGEEWKGLKNEVVTFSSYIPLWTA-LMV PEKVANI-KVSGMPATVMT 557
Query 10016 488  IRTCSY---PVRFEIEAREENM---  -SGDNLELKNPREITSKSYSSLWEN-LLY IVRNKEL-NHIGISLEDRH 551
Query 10017 492  IRSCSL---PVVIEAVQGDDSAvV--  VTAAPLADSNDKVMSYLDYVQLWIQ-LID YKKLKGM-GM-DFDLELRQ 556
Query 10018 484 SQDSVILE-TGPRISYKDYISLWKN-LIQ ATEIKGL-TLITTDREHII 546
Query 10019 493  IRTCSH---PVIL-KEVNGEST--I  MEEREVYEGSTPNTSLKDYLELWEY-LLD KDKLKDE-SLLGKQLEERK 557
Query 10020 497  LESIADi-—————————o TDPDgaV[5 ] TGELVTNLIYEYEGFWLNFLRLRSErVVG[ 9]SGDVQRI-————---— ELK 563
Query 10021 480 VRTCSH-ehPVYQSDTEAGSSPgsA[5]DPVQGDASNSVRKISYKDYLRLWLC-LFS LEKEKKLCDYVGMSAAEAR 555
Query 10022 489  IQTLKIp-dAVLFGGESPYESL-——  ———————————————e QDAVQFWRE-WLN ————KDK-———mmm o 524
Query_10001 551 -—-V  LASATYDELLSAMLKMISRLDLSS---  -NSTDS--ESQP-STSEP  ALS----D--PSSDPLR G 601
Query 10002 562 ---K IHIILYDELIFSILKILSKLDLTS- NKDTTE--LQDQ-VAVDS  DS--TEDA--S-SDPLH G 614
Query_ 10003 568 --—-A  MHRMLYDELVTSVLKVIDKLDLTT---  SKQVET--GNEE-LTADV  SG--SQDG--TTSDPFA G 621
Query 10004 555  ——-S[4]LNHLLYDEFVKSVLKIVEKLDLTLEIQ  TVGEQ--———- E-NGDEA  PGVWM-——--iPTSDPAA N 611
Query 10005 562  ——-L[4]LNRLLYDEFIKSILKIIEKLDLSVEKQ  NQREE-————- E-GSGDV  SNGNV-—--iPTSDPAA D 618
Query 10006 544 ---Q  LTDALYNELMNSVIKVLNKLDLTSTTS  TELTEQ--MDEA-STSGG  DVTMETDD--VSADPTS S 602
Query 10007 549 -—-A  LTQATYDELVRSTLKILSKLDLTSVRG  SEDTDQ--GDSA-GTADK  GRPVTPFL--ASSDPVS G 607
Query 10008 551 -——-N  IQRTLEDCFMKSFLEIVRLLSFETKAF  QDVEEYT——————————— - fRFGNPVF N 594
Query_ 10009 594  isiS[4]IIQLLYNEIVQTMITFIRKLDLSYSTK[5]RQEKEKE1KKQQVKDKDK[7]EEEQQEEEdvTMEDQQQ[6]G[3] 685
Query_10010 572  ---F[2]---ILYDEFISSVFKMIRTLNLAVTEA  ---SDVS1GTSI-TKNND ---HEVDAn-LIAIAGS G[4] 630
Query 10011 550  -—-I[4]LRESIYDAIMHCVIKVMNELNLKYRVK[5]KYSEELDaGPIE-PEAEM  —————n DLi----EPLD  M[2] 613
Query 10012 535 ——-L  IVVKVYDKLVNTVLVLMKKLDLSTRKK  TNIEALS-———————— TS  GGASEADI--PVLDPES G 587
Query 10013 551 --—-A  MLRTLYDETLKAFLHLINKLNLTTHSS  SDAEDEDVAVAT-SGVKE  EEPHEVDD---VSDPTT S 610
Query 10014 550 IVEIIFNEYTESITKIMNKLDLAAVKN  -DGSEVN-GGEQ-ENVDK  NQSDLGVS----SDPII G 606
Query_ 10015 558 MSNFIYSEFISCILEISEKLDLTTYKQ  NELQQQE------——-EV  SGSDEGDP--ATSDPVS G 610
Query 10016 552 LLQLIYDEIISVVLTLLKKLDLATTHS  MQDSEIK-DSNL-KQFET  SELYSTVS———-- DPFY G 608
Query 10017 557 THQLVYSEFTIQSLLNILRKLDFTTAST  TEDGIM---—— A-NEGEG  GGGSGGGDpvITSDPVL G 614
Query 10018 547 VQRSLYNELLHSLORILLKLDLTSSQQ  TTIEE-———- ET-QSSE-  ———————oom GTSNPVA G 593
Query 10019 558 MHGLVYDEMIRGILRITHKLDLSSSKG  SSAQEGDiLGKS-SASDV  PASATADKevSLSDPVP G 620
Query 10020 564 ———K[4]LQAIILDSTVKHVLAIIRKLNLSYQFD SQTTKIG-——————— RDA  ———mmmmmmmmmmm oo T  G[1] 608
Query 10021 556 S  ISGGIFDAFLSSVLAITERLDLSACRL  SDLEPPVtAASE-ASSSS  -ATTDEDSaaPITDTLQ G 617
Query 10022 525 ———I[4]TCQYVYGELIQRVIRIISDLNLTYKVE[3]NNNKDGN QDES-NNNNN[ 7 ]NQELTGLHq----DYIV ~ Q[2] 598
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Query 10001 602 LHAVCPEDFILLTNLVELSRDLLPVTQTQKFSSWVFPFGHQLILQSSKLPLVSGLYKMLTVCMQVASQISYFKEMNRQLK 681
Query 10002 615 LHATKPKDFQIFVNLVDFCRDLLPANQPALFKQWVYRFGHEVILLSCRLPLVSGFYKLLTVCMNICTQIQFFKCIKPSDL 694
Query 10003 622 LOAAKPRDFVVFINVVDFCRDLLPHHHPEYFQRWVFTVGHALILHSTRLPLVSGFYKLLSVCMTICTKVKYFKDLDTKLL 701
Query 10004 612 LHPAKPKDFSAFINLVEFCREILPEKQAEFFEPWVYSFSYELILQSTRLPLISGFYKLLSITVRNAKKIKYFEGVSPKSL 691
Query 10005 619 LOPVKPKDFTAFVNLVQFSTELLLERHEEFFDQWVYRFGYELILRSTQFPLVSGFYKLLSATMKIAKKINYFKGVSTNTW 698
Query 10006 603 VHASKPKDFQVFINLVDFCRELLPNKHINLFENWIFTFSHNIILLSTQNPLVSGFYKLLALCMKISNKLAYFQ-VN---- 677
Query 10007 608 LOASKPKDFQVFINLVDFSRDLHTDQYCALFKRWVFTFGHQLIVMSTKYPLVSGFYKLLAICMHATRKTAYFKDIS---- 683
Query 10008 595 VIPTKQADYDLFYNLVELCRSVIMNGSHVLFEPWLOPMLTMLLELSSRYPMVSGFYKLLAVWVTMAEKLNYFNYTEQDKT 674
Query 10009 686 LKPSTPKDIELFLNLVEFSKLFLARQHTNLLTRWIYIFGKEIIFGSRKYPLISGFYKLLHVLLKVAKKVNYFGFIDGSNK 765
Query 10010 631 LOPLVSKDFVLFQNLVDFWOLFLPRIKSELFSRWVYLAGDTLITFSTRYPYVSGFYKMLGSCLTVCESIKFFDGIKNVDN 710
Query 10011 614  ———---—- MRKYLNLVDFVQELLSGPCSSLILKWTYPFGRCIIELSNRYPLISGFYKLLTVNITIANREGFLSVAGEDSL 685
Query 10012 588 LEANNRKDFQVFINLVDLTRDVLMSVDCSQFEKWIQPFFYKVISESSNKPLVSGFYKLLTVALQLCDRLHYFSDYGDMLN 667
Query 10013 611 LIASRPKDIQVLIHLVTFGODLFSTTRTDLFPRWLHIYYSDIVTRSSKYPLVSSLYKLLELANTIATEQRYFEAASKTAE 690
Query 10014 607 LKPQKPRDFEIFINLVDFTRELLMNKNFDLFEKWLFKLSKEIILLSTSHCLISGFYKLATLIMKMAVKIGYFNKIDSIQT 686
Query 10015 611 LKAKVPKDFQVYMNVVSLLEKVLPLQSEDQLEPHIPRLVWFFVTQSSLOPLVSAHYNATTTVLTCSRQTQFFSR——~—— K 685
Query 10016 609 LOLSKPKDFRVFMNIVDFCKDLFISKHNELFEKWILIFGLEIIQFINKNPYISGFYKLITVCLTICKKTRYFQHVKKLKT 688
Query 10017 615 ROPAVPKDFQIFINLVELAKKVIPSVSLSLFTPWILTFSQEVVSLATRYPLVSGFYKLLTVCLSICNKTHFFDVHDLSGQ 694
Query 10018 594 LKPNVPKDFQVFINIVDFTKALLPTTRTEFFLPWIFPFGKNLVLLSTRLPLVSGFYKLLEICMTISSSLSYFEDLNIETV 673
Query 10019 621 LOPKVPKDFLIFISLIEFCRCVLPNYCVTLFERWIYMFCRDIIIMSSRFPVVSGFYKLLEVCMKMCEKLSFFKNIKAEKP 700

Query 10020 609 ~SPTVPRDHSIMLNLTEFVERILSQVLSSQLCPWIPLIMNQIFASICDLPLVSCFYRIGTVMTKAMHELNYFKSASSVDT 687
Query 10021 618 MVASTPKDIVIFVNLVDFVEELLQHHRAGPIAKWFYPLCQALIEKSAENPLISGFYKLLATFVTRARDAGYFNDQPVPVV 697
Query 10022 599 ——ANNNTDQQFLVRLSNFAEMFLLQCKDQWFLKWIPQFTDTLIKKASQTPRISKLYQLLKVCMQICSNHRYFEVSDDIDS 676

Query 10001 682 IETSDS IKMEMDEEF[ 6]-EEACFMLFTKFAKEVMTRLRQYKDDLLASCLGFILALPREII ALDVTTFVPALQ 756
Query 10002 695 SSQEDS MDIDLNFSS[ 8]DRCICFTLFAKFSKEVLVRLKQYKDDLLASCLLLVLSLPHEIV QAEVAHLVPALQ 772
Query 10003 702 SFSEES MDTEGRDRP[ 5]----CFTLFRKFVKEVLVRLKQYKDDLLASCLLLVLSLPHQIV QSEISTLVPALQ 772
Query 10004 692 KHSPED EKYSCFALFVKFGKEVAVKMKQYKDELLASCLTFLLSLPHNII ELDVRAYVPALQ 753
Query 10005 699 KQCHTD EKCACFALFGKFGKEVTIRMKQYKDELLVSCLNFVLSLPHDII ELDIKAYIPALQ 760

Query 10006 678 ----ES 1]1QKAVCYLLIKKFSKEVLVRMKQYQDDLLAACLTLILSLPKEIT TEQMIDVVPAIQ 739
Query 10007 684 ----LS RDQDGGENS|[ 9 ]DRETAFLLFSKFTKEVLVRIKQYKDDLLASCLSFILALPPELV IADLPTIVPALK 758
Query 10008 675 ENCNSH[2]-========  =———=—= LLLSDFIDHVLVESCRFQGELLVSCLRFLLALPTCIV VEKLESIKEAIK 731
Query 10009 766 SSSLDA[ 7 ]MEIDSGKSS|[ 7 ]NKRNCFKLFAKFLKEVEAASTQYKDELLASVIQLLLSVPKQLV --NIPVLIPTLS 847
Query 10010 711 ENIMIQ ---DSQDQL[ 7]-QRASYFLFIKFFDEVSARLPQYKDDLLASCLRLVLSIPRELI --NIQNLISPIC 781
Query 10011 686 DADGGY[Z]LDKKRDSTT[10]DRRLCKELFRKYLQEVLVASRRYKLELLAACLRLCLSAPPLLV[l]———IASIIPSLR 765
Query 10012 668 QPTEQK - —---ASYSLLCRFLQELLIRLQQYKNDLQVACLETVIAAPVALV VPLLPHAVPAFE 725
Query 10013 691 TAAGNM[1]----—=-—= EVAATLELMSKFGKEVMVRSKQYKDELLSACLTFVLSLPLPVV KRDFAVFFPAVE 752
Query 10014 687 NLNTSS[7 ]JEDCDDPDSS[ 9 ]ERVNCFHLFKKYLLEVSIRMKQFKDELLVSCLEFFLSLPKEFV IISMDHSFHCLN 772
Query 10015 686 QDPEVE = ————————— —--TSIHLLMSYVRELLQRCRQYRDQLLASCLTLILHLPLCIV QEIFPQLVSPLO 743
Query 10016 689 KEEIS-  ———=————- [ 4]DCLIAFELFAKFSREVVIYLQQFKDELLASCIEVILSLPTEIV ESEINILIPAVQ 752
Query 10017 695 GTGDDD VAMETEERT DRQSCYFLFSSFIKEVVVQMQQOYKDDLLASCLHLILVLPKEMV VSDFKELIPAIK 764
Query 10018 674 TKCTIN AAAE-AESIT DKYLCYLLYYKFYKEVLVRLKQYKDDLHVSCLSLILALPYQLT ODDMALITIPAIK 742
Query 10019 701 DLKNEN LNLEIVDTS DCMKCFVLFHKFTKEIVVRMQQYKDDLLFSCLLVVLSLPLELV TLDLVSSVAALK 770
Query 10020 688 TEQTRF[3]-========  ————ee=- FTSCVQOQVSSQARFYQODELRLTSSEFVLTAPLGLV A--THAMVGIVK 741
Query 10021 698 MEIADT[7]QDSQTDNDE[ 9 ]NRIQCCAMLGSFAASLSARCGQLRGDLLAASLRFLLSLPASLL[5]----DDALAAVR 784
Query 10022 677 VAKKGE = -—===—=——- -KONTYNMLLTFFKELIGKQEEYQDELLTSCLDLLLHVPVQIL[ 6 ] TDNVONWKVIMQ 742
Query 10001 757 RSLEIGRSYLPLARTSLNTLESWSKSLPP DVMKPFYEQLLPYLDAYLTSSAD-e----KNDTLSLVQKDPMKK- 824

Query 10002 773 MTFQLGLSYLPLAETGLEALERWMLHEHLLP DSLQPHLKVILPLLDGYLRGTIT-gGSDAA-DVVQTVTMASASS-[3] 846
Query 10003 773 TTFRLGLSYLPLAHAGLDALERWLLNLPR SALEPHFPHILPYLDSYLQTAAD-tGSSSSSDGFQTVSLTAASS-[1] 845
Query 10004 754 MAFKLGLSYTPLAEVGLNALEEWSIYIDR HVMQPYYKDILPCLDGYLKTSAL---SDETKNNWEVSALSRAAQK 824
Query 10005 761 AAFKLGLSHTPLADAGLDALEDWSAHIPK HIIQPHYKDILPHLDGYLKTAAF---N-EAQNNWEGMNINNPSRK 830
Query 10006 740 VALTLGLSYLPLAGIAIDALEYWCHNLPD HIVKPHYSCILPYLDNYIRTVDK---GMVAFSIFMWYISCGMHIR[8] 818
Query 10007 759 ITFKLGLSYQPLAVEGMEAIEFWRDSIPN HLLQPHYQDILPCLDDFLKLQSE-gAGNETNSPSTLIMEPKGH--[2] 831
Query 10008 732 SSLKLGLNYLPIACVCMDALEKWSAEFPE[ 3 ] -QLDSFYTDLLPIFDDYLRCTSV-—--—— DETLLVNNGFNYNGEK[8] 809
Query 10009 848 TAFRLGLSYLKLGHVGLNTIEYWLSVLPE[ 1]--VDAHLYAILPALSDYFLISTT--——-——-— NTSSSNQESANSK[4] 915
Query 10010 782 IALKMGLSYQPLATIGINAIEKLVDLQGP[ 2 ]--ISKWLEQILPLFNEYLLVKAD--SVDNSIKEFAQIRNTORNRR[8] 861
Query 10011 766 NALKIGLRYPPLAEVAMDSLERWQAAFPE[ 1]--LOHWLPQIIPCLNDYLVDVEK---ADVSEPGTSLVTEAVGTSA[6] 841

Query 10012 726 VIFRVGRSMLPLARLGLSALDKWYCTLPS HLVTPLLMQVLPYLDPFLRSQGV-aSGQDV---IIEKELMVLGRR 795
Query 10013 753 TALSLGLGFYPLADAGLSALETW---LPP[2]-AAGRPFAQLMPLLDKYLSAAVA-aSDIDVEEEMKLLSRSITRKR 823
Query 10014 773 QALDLGVNYLKLAEDALNSLEYWLKNIPT QLIKPYFPSILTKFENYLQASSN--KS--DLDSDEKVILLNLSHK[2] 844
Query 10015 744 MALQLGVSYLPLAEVCILALOQLWTKSLSQ EILSEHMPHVLPLLLPYLRSQET-gGEAEVHTRVITVKMAFARQR 816
Query 10016 753 ISLOQLGLSYLPLAMSCLDALETWLYSLPS ELLKEHYCKLLPSLNDYFLASDN--ISLOPLKNIHTFTKQSLVVK 824
Query 10017 765 LALRIGMGYLPLAKSVMEALEKWTLYIVE[4 ]DTLQCLVNEILPLLADYLKATSV-—--———-———— QLKEEEDGGRG[3] 834
Query 10018 743 VSMNIGLSYLPLANAAIDALERWSSDLPQ NIIGPYFSDILPCFDDYLKSSAD----DTTETLVEDSSKALKART 812
Query 10019 771 LTFKLGLSYTPLAEAGLDALESWTTALPA DKLKPFLREILQCLDGYLTTLGDigLHNECNTIVLITSSH---HT 841
Query 10020 742 SMLDLGRSFIPAAVVAIAALERWQKQRPN[1]--LNDVICDIIPLISAYLNQEKL---——-—-————m——————— GER[4] 799

Query 10021 785 RGLRLGRFWPPLLEAALAALERWTAAA-S[ 3 ]--LSDRVAPVLAGLLAVLLSDGG--SGAGLTDAEAEAQRGGADRR[8] 864
Query 10022 743 KAIDLGRNNNQLAWNS INMLEQWENLLPM NVTLDLYHDILPKLSDFLQVDDN=-—— === —mm e e m e KK[8] 804
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Query 10001 825 QGKKKIPVKLLKQ--TMFDA--EKGKESELKEIQRKCVLLLGSLGGSINHALVFGQTANP---PD-L VAWDSDQ-- 890

Query 10002 847 AGKRKLPAKLIKG--ASTTG--QT-QDSPLRSVQLRILHLLGSLGGQTNAYLLE-TSAEEIA-KV-A VAWDTQP-- 912
Query 10003 846 RGKRKIPVKLLKA--AAERN--QV-QESDLVKARLRIVRFLGSLGGHTNACLVTGLTAEDLA-KR-A VAWDTQT-- 912
Query 10004 825 GFNKVVLKHLKKT--KNLSS--NEA--ISLEEIRIRVVQMLGSLGGQINKNLLTVTSSDEMM-KS-Y VAWDREK-- 890
Query 10005 831 GGSKVLFHHTKKS--KEFLV--SED--SAITAVRRRIVRLLGSLGGQNNRSLVTAVSAEEMM-KR-C IAWVTEK-- 896
Query 10006 819 SSFSTINCLLY-—-——— F----0QS-YESKLGVIKDRVVQYLGSLGGSINYTLLT-NSQDDIS-KQ-A IAWDTEQ-- 878
Query 10007 832 SRKKGLPIKLLKP--AVA----KE-ESSQLELLKQRIVKFLGNLGGATNAAMVQ-CTSEDIA-KI-A VAWDQEK-- 895
Query 10008 810 QTVNSDSENVLVK--ADDND--SEEEMPNPQSVLRRIASFVGSLGCYMNRFLID---SADVG--S-L LRWGQGS-- 873
Query 10009 916 MGRGAAPRMNTKSi--DFVDpkLLAQRTVVEEMQTRVIRILGKLGGONYHLMGSVNLMAPGTeSG-~ VAWDTIS-- 985
Query 10010 862 TRKERVKSKGQKKsyKTVVGigQLEKNVGLHDLQVRVLRLLGRLGGVSKFLFEDIVNNDLVYrPIpT[ 13 ]LAWDPEK-- 948
Query 10011 842 SRGQLAQIKRARA-—————=—— KDSQPSPFELIQVRVQRFLGCIGGLGHFLVPEVDLLQLTGtGG-- LAWDPID-- 904
Query 10012 796 —-NRTNYSQNKKV--ARKKI--IEHPESELSQLOHEIISFLGQLDSTTCLALLKDPQQEEDV———-— IPWATCLgg 860
Query 10013 824  ———---———o——m E--QAAVV--AVDSDNPFAALKMRILRLLGAMGGQHNHELAALEHQGAGGgSD-V[ 8]VAWDMTN-- 888
Query 10014 845 —GRKKLPVKLFD---KSSLN--FDVYE----QIQLKILKILGQLSADMSHSVHL-ID----N-ED-I TSWDTVQ-- 901
Query 10015 817 —-RKVD---QKKM--KESKR--VE--ETAMOKIQLMILRLIGSLDPL--LRLHTIPQDPDTIaSA-A VRWN--Vgk 876
Query 10016 825 —--KKLPLKISQY--KKIKQ--TDLHESELIKVQHRILRFLGSVGNQYNFAMIS-ADKIKIH-EV-A VAWDINKgn 890
Query 10017 835 ATKRYARMKMVEK--WSEGL--HQGSRDDITSVRRRILLLLGSLGGVVNESLSKVPSQHSL—————— VSWDSDR-- 898
Query 10018 813 GKAKKLPVKVVNP--TGGSK--D----SPLAQVRLRIVQLLGRLGGNTN-SLVIRKGNDDGS-SQ-A VAWDNHK-- 875
Query 10019 842 SRGRKLPLKLLKM--KPQSQ--HQOMTLTPLAKVRHKILRMFGGLGGETN-ILLL-DNTGINS-SN-A VVWDTEN-- 907
Query 10020 800 —--DKATLQGVKA--TGSDEa-—----- SDLAQVQRRLLLLLGRCDG--NILLLVSEPSSLIT----A[ 2]IVGGIFS-p 859
Query 10021 865 RALRSIEARRARA--KNYAAgg--GAELGLAEMOKRVLLFLGSAQSSFKYQLAEIASDKAATaDL-A -AWSPGG-r 933
Query 10022 805 GGDTYQYLEMLKS--GNEVNi---=—-— ERKDIALKVMDLLGKIGGNAH-SIISNEQNKLIErEN-F IKWDPEK-- 867
Query 10001 891 HLKFDLPFLDIK-TSIYFDAFLPKVVTLATVSSDRQTKVAACELLHSLVLLMLGRSASQPTG---~— NPMAAIYRKLF 962

Query 10002 913 RLQFAVPFVDMK-PNIDLDRYLPRVVELALTSGDRQTKVAACESLHTLVLFMLGKGTQQPEQRQAK SPMQHLYRRVF 988
Query 10003 913 HLQFAVPFMDMK-PTVCLDPFLPRICELATTSSDRQTKVAACELLHSLVLYMVGQGAQQPGEMQAK NPMTRLYKKVF 988
Query 10004 891 RLSFAVPFREMK-PVIFLDVFLPRVTELALTASDRQTKVAACELLHSMVMFMLGKATQMPEGGQGA PPMYQLYKRTF 966
Query 10005 897 PLSFAVPFMDMK-PIIYLDSFIPRISELALSASDRQTKVAACELLHSVVAYTLGKGSQISEGQQET --LYKLNRQLF 970
Query 10006 879 HLRFETPFIDMK-PIIYFDPFLPHVVELASTSSDRQTKVAACELLHSLILYCLGRGAQQPGEVQKR YPMQKLYKKLEF 954
Query 10007 896 HLKFDMPFMDVK-AALYLDPFLPRVVELATLSSDRQTKVAACELFHSMVLYMLGRSVQQPEGQQGR HPLDGLYRNVF 971
Query 10008 874 HLEFICPFPDMK-FEIALDTLLPRLCDLALSAGDRPLKVAACEALHACVLFLLGNESFRTVKMKDR ESISKAYSHLF 949
Query 10009 986 RIQLOIPLGDLNgVSIYLDSVLPVIVTLATRSTHRQTKVVACELLHSIVLYMVGTNS———-—— GGS --FHRLYRRVF 1054
Query 10010 949 RVSFNIPFPDTK-VEILFDEFLPRIVELAESAPDRKTKIVACESLHSIVIVMIGKSAFQLSRQSQS -PFYRIYRKIF 1023
Query 10011 905 RVKFTLPFRQODK-PDIWLDSLLSRMVEIALSSSDRRMKVTASELLQAVCLLMLGNAAKGPMRRRGE [ 4 [VHFDKIYKRLF 984
Query 10012 861 PLVFPLPFKDMK-LNINLEKLIPRVVELAMTSSDRYTRFTACELLHGIVMLILGSGQEA--QTSHP DKYSELFRKLS 934
Query 10013 889 HLKFAVPFQEMK-PEVQLDPMLPRIVELALHSGDRQTRTAACELLHAMVLYMLGQGAGSGTHAAGE DNLSPLYRHVL 964
Query 10014 902 HLKFYVPFTDIK-PTIYFDRFLPRVIHLAQNSPSRQTKINACELLHALVIYTIGKSVSEPEGYSQS YOMTKIYHRLY 977
Query 10015 877 LVKFATPFEHIK-IDIYLDDLLPHVVDLAVNSSDRQTKVAASELLHSIIILMIGTGAQKSQETQLK EPMAPLYRHIF 952
Query 10016 891 HLKFYLPFIDVK-LEIFLDKFLPRIVTLSTTASQRQTKVAACELLHAVVTFMVGCGAQQQPELQATI YSMKKLYKNVL 966
Query 10017 899 RLGFAVPFSDLK-PEIYLDPYLPTVCELALSSSDRQTKVAACEFLHAAMLFVIGKGTQQ--SVQKK NPMTKLYQKLI 972
Query 10018 876 RLPFAIPFQDMK-PIIHLDPFLPRVVELATSSSDRQTKIAACELLHALVLYMIGRGAQQPGGTGSV TNYGNLYKKIF 951
Query 10019 908 HLTFAVPFQDMK-PSIYLDPFLPRVVELAAKSSDRQTKVAACECLHSLVHYMLGKSVTQPQGFKK- SPMEHLWKHVF 982
Query 10020 860 HFRLELRLSETP-LSLALDSVLSHLGNLASQSSVRRVKVSACESYHAMICYLCGKTATHPHTAGTK TDFYDLWREVF 935
Query 10021 934 LLYFDLPFADSK-PRLYLDPLLSRCVALATESSSRQSKVAAAECLHSIVLLMTGRCAFASTSGNDR EQLLTLWRRLL 1009
Query 10022 868 RLKFTVPLYTKK-VDIYFDACLPKVVDLAKNSSDRETRVAACEFLHALIIYMIGKNASAPKGRGNQ[ 5 JAPFAKIYKKLF 948

Query 10001 963 POMLKLATDVEQVSRQLFEPLMLQIIHWFTKSNNSHRPDTEALLNSLMDGIVSPS-DSAVRDFSAKCIREFLAWSIKQ-- 1039
Query 10002 989 PALFRLSCDVEQVARQLFEPLVMQLIHWFTGNKKFESEETTALLNAMLDGVIHPT-DTSLRDFSACCLKEFLKWSIKQ-- 1065
Query 10003 989 PVLMQLACDVEQVARQLFDPLMMQLIHWLTNNRKFESEETITLLDAIMDGLVHPT-DTALRDFSSRCVREFLQWSIKQ-- 1065
Query 10004 967 PVLLRLACDVDQVTRQLYEPLVMQLIHWFTNNKKFESQDTVALLEAILDGIVDPV-DSTLRDFCGRCIREFLKWSIKQ-- 1043
Query 10005 971 PVLLRLGCDVDTVTRQLFEPLVLQLIHWFTSNRKFESRDTVAMLEAILDGIVDPV-DSTLRDFCGQCVREFLKWSIKQ-- 1047
Query 10006 955 PAMLKLACDVEQVAKQLFEPLTMQLIHWFTNNKMGESSETMALLDTIFDSIIQAD-DTSLRDFSGKCLREFLHWSLKQ-- 1031
Query 10007 972 PAMLQLACDVELVARQLFEPLTMQLIHWFTRSKVFENPETAALLNAVMEGLIDPS-NASLRDFCARCIEEFLKWALKQ-- 1048
Query 10008 950 PVLLKLACDVDEVPKQMFSTLFVQILHLFSGTDFANKMVTSCLLDTLMDGLCCFW-NSSLRDQSAYYISEYCRWSMRK-- 1026
Query 10009 1055 PALLRLAVDVEVVARQLFSPLIMOLVHWFTKNVRAENDETMALLNSIIDAVNGED--GALREFGARALGEFASWSLKHa- 1131
Query 10010 1024 PALLRLAIDTDPVPRRIFRRLVAQLIHWYTNNAQYENQETMALLQCCLDAICDTW--GSLRDYGAECLNEFLIWSIKQ-- 1099
Query 10011 985 PAILRLATDVELVTRQLFLDFVKQLIHWFTSNQOQKENPDTMALLDAILDGLVDPD-NGSLREFCADMFSEFLQWSVRH-- 1061
Query 10012 935 LPLLKLGCDPDPATHRLYNLLVLQLVHWYSSKFKLKSKEVEILIQTLMDGITHPT-DTALRDFSARCLHEFVVWSVKQ-- 1011
Query 10013 965 PAVLRLACDVDLVPKQLFSPLVMQIIHWFSSSRT-EREEVVLLLDAILTGLADAK-NSALRDFCATCVKEFYVWAYKH-- 1040
Query 10014 978 PCLFGLSCDTDHFVRNLFQPLVMOMIHWFTGNRKYESSDTIQLLGCIMESLVDEK-NAALRDFSVNCLKEFLKWSIKH-- 1054
Query 10015 953 SAMLRLACDPDHVTRQLFLTLSYQTIHWFTNNRNFENVDTMVLLEALMEGIVTAN-DPALRDVSAQCLAEFVKWSRKQ-- 1029
Query 10016 967 PALLQLACDVDEVARKLFEPFTFQLIHWFTTKRMINSDETKQFVQVIWDGLVQSK-DAVFRDFSARCLKEFVQWSIKQ-- 1043
Query 10017 973 PVALQLACDVDRVAEQLFRPLVFQMIHWFTRNTQYESPDTVTLLEAILEGIEHPT-NASLRDFSAQCIKEFLVWSIKQ-- 1049
Query 10018 952 PAILTLASDVEQVSQQLFQPLVYQLIHWFTGNSNYESVETIALLNALLDGVIHST-DSALRDFCAKSLREYLHWSIKQ-- 1028
Query 10019 983 PTLLQLACDVEQVSEQLFKPLVFQLIHWFTNNRKYETPETMALLDAIVDGIVHPV-DTSLRDFSAQCIKEFLQWSIKQ-- 1059

Query 10020 936 ARVVRLASDSEKICRSLFEPLLFQLLRWLAINSDTYPFEYSSMLDELTRSMSDSE--AAVRTLSARCIATQLSLAVDTrl 1013
Query 10021 1010 PALLPLAADEDPVVKQLFQPLLMOLVHWFSRSREFEGPYTALLLDSLFDRLTASSgDASVRDLAAQSLREFLTWSVRQgm 1089
Query 10022 949 PVMIHLATEVENISRQLFEPLIFQIVRWFSNSTVYDHPEVESLLEALIDGASSRN-NSASRDLCSNAVAEFAKWSLKQ-- 1025
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Query 10001 1040 -TSPKEMEAG---PANPKRLLKRMYSLLEHPSSMMRLGGALMFNSIYSVFREED-ALVDQFSLOILSVLVNSLAL AH 1111
Query 10002 1066 —-PINTKSLLKRLYSMALHPSSFKRLGAALTFNHIYTVFREED-SLIDQFVCEILVTFVNSLAL AH 1137
Query 10003 1066 —~PINIKSLLKRLYSLALHPNPFNRLGAALGFNSIYRDFREES-SQVDMFTFELLVTFVESLAL AH 1137
Query 10004 1044 -ITPQQOQEKS---PVNTKSLFKRLYSLALHPNAFKRLGASLAFNNIYREFREEE-SLVEQFVFEALVIYMESLAL AH 1115
Query 10005 1048 -TTPEQQAKS---PANTKSLFKRLYSLALHPNTFKRLGAALAFNSLYREFROES-ALVDQFIFEVLVVYVESLAL AH 1119
Query 10006 1032 -SSVKTVEKS---PVNASSILRRIFSFALHPSVFKRLGAALAFNNIYQIFREEK-SLVDRYTFQILVHFVESLSL AH 1103
Query 10007 1049 -TSPAQLRKN---PHIPKSIFKRIYSFALHPSPFRRLGAALAFNHIYRVFREDE-VLLDIFTFEILETFIESLAM AH 1120
Query 10008 1027 -VDSGGQNMRse--SKVELLVQTIITFAVHSSAVKRAGAAVAFNNLYKITREKR-WLVDIYILEMFFTFMKSLYL AE 1099
Query 10009 1132 pTTKSTANEArs-AFNFKSLLKRVYSLAAHPSAQTRMGAAASLLSLIRVMREDD-NLISVFLFEIAHQVLLSMRL[4]AD 1210
Query 10010 1100 -SSATHAEESsm---NMKSLLKRLYNLCAHPDYTKRLGASLAINNIYRVFREEE-YLVDQFTFELLYWMLVNLRL SD 1171
Query 10011 1062 ----APPEDDnf--VNVRSMLRRVYNRMAHPNPYHRLGAAMAAHRMYPVLRENG-AIVDRYIFEILFFCIKSLKL GE 1131
Query 10012 1012 -———--- GSHV-—-—— NIKYVMKQIYSFCLHPCPSKRLGAALVLNSVYTVLREEE-SVVNQFWLELLYHMVMNLSL SE 1076
Query 10013 1041 -STDKLLETGgl----VKVLLKRIMSMAAHPNAFQRMGAALAMNNIYTRLRESD-TLVDVYVCELTDVFMRSLQL AH 1111
Query 10014 1055 -TPLSKQENSaptPVNAKSILKRIFNFLTHPNANKRLGACLAWNSVYTIFREEE-SIVNRHIFEILFYLIESLAM SE 1129
Query 10015 1030 -CRQONSVSS—---- NIKSITIKRIFSFCKHPSAFKRLGGALAWNSIYREIREDG-QAVDIWTLDLLAHLMTSLDL AQ 1099
Query 10016 1044 -TSVREQEEN---PIGMNVVLNCLYNYSLHPNPYKRLGAALAFNSIYTIFREEE-SLVDKFTLEIAVHFIESLAT AH 1115
Query 10017 1050 -TSKKQQERS---PMNTKSLLKRLYSMSGHPSTAKRLGAALAFNSIYTVLREEE-SLVDVFIIEMLVVMVNSLKL AH 1121
Query 10018 1029 -TTKKQQEKT---SNNAKSLLKRLYSLASHPSAIKRLGAALAFNNIYVVLREES-TLVDTFIFEILVNYVNSLAL SH 1100
Query 10019 1060 -SSEKQLEKS---PINIKSLLKRLYSLALHPSASKRLGAALAFNNIYTVFREEA-SLVDIFVLEILVNYLECLCL SH 1131
Query 10020 1014 -—--- PQIKAhy--——--- IFNRVFSLCRHPGSVQRSGAAVSISYFLQSLREEDgEALTRFAMPCLKNLLYALRL[4]AQ 1082
Query 10021 1090 pSSGADSTASfy-SRNVKSIVKRVCLLALHPASSKRLGAALAFNAVYAQFREED-SLVNAFAFELLHCFMRSIQL AD 1164
Query 10022 1026 -MTDKNIKENpn---NIKSLIRRIESNSNHPDPFKRLSSVLCFSKIFSVIREHD-PLIDRFCMEIAHNVLGSLKM[4]IE 1101

Query 10001 1112 R--DDKS-L--GTQEQCKSALLHVERILIKKQVT-FNKDSKQRIKPRGWRDA---NMTTAVRWLLRQCGRPQTECRHVCM 1182
Query 10002 1138 H--DDKS-L--GTQLHGVEVLNHLERIIRVKADM-LNKESKIRRIPREFPAGVCPTLSMLVIWLLRQCGRAQTECRHQCM 1211
Query 10003 1138 H--DEKS-L--GTQAQCVAVLTHLDRIITTKADL-LNKHSKVRRVPRGFDRESppTLPDLVTWLLQOCGRPQTECRHRCM 1211
Query 10004 1116 A--DEKS-L--GTIQQCCDAIDHLCRIIEKKHVS-LNKA-KKRRLPRGFPPSAsICLLDLVKWLLAHCGRPQTECRHKSI 1188
Query 10005 1120 A--DDNS-L--GTVQQCCDAIDHLNRIIKQKASA-LNKP-IKGRVPRGFPPDOpvVSLKEVVMWLLTQCGRPQTECRHKCM 1192
Query 10006 1104 K--DDKS-L--GTQEQCAAVLKHLQRIIIFHEDI-LKKPSKIRQEPREWSNK---TLDIAVRWLSRQCGRPQTECRHTCM 1174
Query 10007 1121 H--DDKS-L--GTQEQGVQVLNHLERIIVNKAAL-LCKDSKIRRKPKTWNKA---TLDICVRWLLRQCGRPQTECRHSSM 1191
Query 10008 1100 N--DDEL-Y--GTVDECKQATIKHIRRIILHNLDM-LQIHNVQRRTPNEWSQST---VHCCCDWLLNTMTWSNYQFRSECF 1170

Query 10009 1211 EgdDTTT-LevEVGEKLQAVIDAVVRVIERRAEL-LNRTNNNRREHKD--—————— LADFVGWVFGEVGRMERRVRFTSI 1280
Query 10010 1172 N--DQSA-T--GTRQOAISATRHLKKIIIVKSNLfLNDTPRRRKFP-NLNRSD---LSSLTEWLFIETSRKEQDYSSMCR 1242
Query 10011 1132 L--DDEQ-I--GTMKQMNKTVELLQRLVTRNITL-LEKKRKDRPL-----——— f1ALDDFLQWVFEQTRLLHGRSRTKCM 1197

Query 10012 1077 E--TDSI-L--GGQEQVVTAVNHIERVLKEKASL-FNKEDNIRRKPPEFEGIL---LKDAVSWLLLKCGTVQVECRHKCM 1147
Query 10013 1112 R--DDPA-M--GTATHTERVLTNLRRIILKKADK-FRRTSRVRRIPPGWETCT---LAEMTRWSLTHACDLHAAVRHQAM 1182
Query 10014 1130 N--DDKM-F--GTQEQCKLGLDHVERIIKFKSDI-LNQIDPKRVKPPGWSEPV---LEVAVRWLMRQCGRIETECRHKAM 1200
Query 10015 1100 V--DDPA-L--GTHEQTKSAINHIERIIRVKSDL-FQKKSGQRRLPPGFGDGT-~--LVDVLKWLFEQCGRPKALVRHTCM 1170
Query 10016 1116 Y--DDKI-L--GTQDKCKQALNHLERIMEVKAKL-LSKTSKKRRPLRNINDSI---LPEVVEWILKNCGCLOQTECRHKCM 1186
Query 10017 1122 K--DAQS-I--GTVDQCSLSLDHMSRIIKAKSSTCLSKANKNRRVPRGLKSAD---LSILTAWLLAQCGSIETEARKMCR 1193
Query 10018 1101 T--DEKS-L--GTQEQLSKALAHIERIIKAKAST-LNKESKNRRTPTGFMTKT-vTLHHVVNWLVRQCGRPQTACRHQCM 1173
Query 10019 1132 G--DEEA-R--GTQEQCVQVIIHLERITIHSRAQL-LVKENHRRRIPRGFASQSsiTLIHMIPWLVKQCGRPSSECRHQCM 1205

Query 10020 1083 Y--QIGGAD--VAREIMLNAVMKIERGICRFPHLfLSDSSTTYSIDNDY-————— TLHOMTQWLFQQTGAREQSFRRLCR 1152
Query 10021 1165 A--DDAS-L--GTVEQCNLALDHLERIMVERAAT-LKVESQGRRTPLGSKWTS-aTLEVAVRWLVGQCGQPESACRAAAM 1237
Query 10022 1102 F--SQEV-—-—-——— IDNCIMMLEKVSKVVQRKISI-LMNVNPKRSIHQSVFTFI-=—=———— LYLFEKFVAIETVCRRESM 1164

Query 10001 1183 RLVCQ LAPCVHEIN GARE--LFSVLLSQ-gNSEYFIQR---FEFGMYSSA--RMGLNQK PTMSRVQENF- 1243
Query 10002 1212 TILIYK ITPLLPGHN TPQT-WMONTLKEK--GPDYFVSR FEGGGVKAA-sRSGISKY PTLSTMGQPF- 1273
Query 10003 1212 LLVCS FLPLLPRKP SPQA-WMKERLKED--GPDFFITR---FEGGGGKTG-hKSGIKKH PKISTMDSTF- 1273
Query 10004 1189 ELFYK FVPLLPGNR SPNL-WLKDVLKEE--GVSFLINT---FEGGGCGQP---SGILAQ PTLLYLRGPF- 1248
Query 10005 1193 VLFYE LVPLLPGNK TPSC-WLADVLKER--GVSFLIGK---FESAGSDHA-kKCSGIIYQ PTLKDLOEPF- 1254

Query 10006 1175 KLVYN LCT====—- HVQGnYFVSFDLIDivDKSTIIKK--vFEGGGTATH-gKSGISAC STLLKISDTF- 1234
Query 10007 1192 MLVYK LAPCVPEFQ SVQG-FFQKFLKMEsgGPQYFMERfeaYRLGGT--—-- REFTLKMC HTLGDIGEQF- 1254
Query 10008 1171 ISYQE LTD--—-- A EIEK1IHFLRHIGTS---IFGFIDH---FERSHRSVL-gSFSICNL[2]---RVIKGTS- 1226
Query 10009 1281 ALFGR VVQLLPGQK([4]---—- WIQHQVKQH--GLAALIKMaepPQTASAMPP-KLDGNNHR[2]- 1339
Query 10010 1243 ELFGE FVKLLPDFK[4]----- WVKARIDRD----PKFLES1--YKNSELSPS----NVLHK[2]----AAQQTK- 1298
Query 10011 1198 MLFCS ICLSIPGCS --SAhWFRANICSG----DQVSSTvkgFDVGMDYPH--HPSLQQE[2 ] -===—==———= 1250
Query 10012 1148 ELVYV LAPLLPVCK SGSE-FVSWYAATH--SWTSIIRIC---EGSKESG----- GITV-[1]PTLKHLRNEV- 1205

Query 10013 1183 AFFLH LAPLDTDPE TGKP-YATAHAWVAafGAPALVALV---EQGSAPQP--LLGVSVK[1]--LEHSRASI- 1244
Query 10014 1201 ELSHK LAPNISGVK DIKD-YFNIRLVNE--SEMYFLAR---FEGSTLGKEilKTSLSTY QOSFLDLTGPKE 1264
Query 10015 1171 ELLAS LAPQVKGCA SVRD-FIEKYVGIS--KLSEIVDI1l---EGGGEAKM GISYV[4]ASSKHIGSSL- 1233
Query 10016 1187 ELVFQ LAPCLSGFN GCKD-YFSHLLETK--GKKFFLNC---FESEMS-- -=-NTV PSFNONDGLK- 1240
Query 10017 1194 KLLVQ LAPPSSNVV NIRM-WIRKTIESE--GGNYFVTR---FESHGH--—--- SGILKA PTLAPAP---- 1247
Query 10018 1174 QLVYG LAPQLSGVS TIQD-WVKTIIGSS--SVTFFITR---FEGGGS--K-y--GIGRY QTALDISDTF- 1231
Query 10019 1206 RLISK LAPLLPGVN SAAD-WMKKT-HED--HPSSFVHR---FEGGGGGGQ-k--GIEQY PTLAHIGGHF- 1264
Query 10020 1153 RIFLS FSALISTST[2]----- e hnYETVQERKS--—--- ILAV[2]-PLSALAHTV- 1196
Query 10021 1238 RLLVN[18]LLTSSPEKR[5]SPRQ-FFQALLKQF--KANYFYDRwerFQPHONQQQ-----——— H[2]-====== GPL- 1313
Query 10022 1165 KLWEA IVRCIPPTN[5]DNPVKWIFSYYLOR-rGEKAIFKRfakISFIEQNYDAgNDQLNHR[ 2 ] --SEAVRKTM- 1237
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Query 10001 1244 SLNAACTWFDLVLATLDCYTWVFGERLMSPNQILI-A--SNNKGTIIFQV--LHHFMEELAQED ISAAVKLFPKVAD 1315
Query 10002 1274 SVKLACSWFDHLLAALDCYTWVFGEKLLSPSVVYT-A--TARRPSVLFQS--LOYFLSSLSLLD ITGAARGIEYGGS 1345
Query 10003 1274 TVKTAVSWFDLLLAALDSYCWVFGQRFLSPSDVLS-G--SGKKPSQLFTA--LEFFLTKLALSD IDAAARCFESHGA 1345

Query 10004 1249 SLOATLCWLDLLLAALECYNTFIGERTVGALQVL--G--TEAQSSLLKAV---AFFLESIAMHD ITIAAEKCFGTG-- 1316
Query 10005 1255 SVRAALQWMDMLLAALDCYNTFVRLAMVKPSELL--G--TSQETGFMKAM---NFFLKTLARHD ITAAEECFTLG-- 1322
Query 10006 1235 TLTSTMNWFDMLLAGLDCYTWVEFGEDLLTPINIFS-G--TGSNTSKLFES--LEYFLSNISLRS IDEVSKLF-KESS 1305
Query 10007 1255 TVKNAVLWYDMVLAALECYKWTFDTNLLRPEDVF----- TGGHSSCIYLV--LSHFLSSLALKD IEAAADLFTKGLD 1324
Query 10008 1227 -IYALVLWLETYEAMIDGYVWALNTNRISMEAWNDYLl---NEDPRVKSL----LFPCSLDLVN SIVIGRHFPNLSK 1295
Query 10009 1340 --SRIISN-aFYVFLSEYALVD[1l]---—==-—=-- SH 1392
Query 10010 1299 --IMFRK-aINYFLENLVQOND[ 6 ] PDAMEIDDGEYFI 1367
Query 10011 1251 -------WLTKFVRSIHWFEWALKENIISIKELLDfEr-——-- DCVIHIAssISAFLQSLLKSQ[l]----=-=—==———- 1303
Query 10012 1206 ALVYVVRWLRMVLTSFDCYVWLFGEELVKPSVLWGtEgIDNTSETRIFEA--AVYFIQHVCHRD ASSVTCLLSTDTK 1280
Query 10013 1245 -————- HEWLERLQATLEAYQLVLSHRLLTPRALLVAC-——--— EMLLWGA--LAHFLST----=  ——————- FPRRSE 1296
Query 10014 1265 OQFGLLVIWLKLLNAPLDCYTWIFGQRLLNPKSLF------ -SFSLONFLSHNY 1329
Query 10015 1234 KDINI--FLEALSASLDGYCWLIGQGIVPAAKLL-- -NHSELQLFSA--TTYFINEMALLT VSEY--MKNHDAF 1298
Query 10016 1241 ---PIINWLEGLHTMLDCYYWVFGQSVLKLSDIFN-D--ASNRESKFFPS--IEFFLKTLCI-D FDQRVQAFFTHES 1308
Query 10017 1248 IEGVVNSPEVAMA 1317
Query 10018 1232 NLRSMKNWYDYFLAALDCYSWVEFSEKMMSPEQII--G--DKAQLGSCKIFgsIEFFLSKLCLHS LDETVKLLYS--- 1301
Query 10019 1265 SLKETILWFEFVLAALDCYTWSFSEHLLSPSWVFTsS--EDNEMPSVLLV-sLKFFLSHLAMFG ITEATSCFTSGPS 1338
Query 10020 1197 ---ITVDWLEQLSACIENYVWVVEMLGDKTRGIFEiCgsHSKKKSVKRKH---TAEVSDTNENN[4]LSWAILTFLNCDG 1271
Query 10021 1314 ———---—-—- RALLACLECHLWSLGGGLLDPQQLLGCGg—=——~ GSRLCQR-1SDFFNETDPSLD[5]LSASVSASSAYSN 1380
Query 10022 1238 -LSEKQKTIEMLTAQIECFNFLLSRKIASFSDIKSKLV-==———————m—— dINVWMGNLYSFL ADHIVIKFVKNER 1300
Query 10001 1316 GSS----IFTPREREDYNQTKCTVIVRTLSFICTMFGNYKTESL--KVIP-TSFWSSNLWD TLLLAVLQPTQLGFNM 1385
Query 10002 1346 KTSAFhqgVFTPRESEEYNQEKCTVIVRLWDFLTVLLENYASDAV--KVIP-KSIWQDSLED LVVTCILQPTVVGFNM 1419
Query 10003 1346 AT----- LFTPRETEDYNYGKCTVIVRIMDFFTVLLGAFPQDAY--KVVP-DAVWKSPLYD MVVTAALEPTALGFNM 1414

Query 10004 1317 -AAG--nRTSPQEGERYNYSKCTVVVRIMEFTTTLLN-TSPEGW--KLLK-KDLCNTHLMR VLVQTLCEPASIGFNI 1386
Query 10005 1323 -VKG--VLFSPREREEYNYCKCTIIVRIMEFACLILEGLQQODCW--KVLE-KDLLNSDLFE LIAMVVIDPTSIGFNM 1393

Query 10006 1306 VE-----YFTPREIEDFNRNKCTVIVRITNFLSVLIGKYPKDAI--KVIP-GTVWSDTLWE LLIKCVVQPQSVGFNM 1374
Query 10007 1325 RK----- IFTPWEVEEYNRSKCTVIVHLLDFLCSTISKSGSHLE--QVVP-SNIWCPDLWI LICDCVLNPSALGFNM 1393
Query 10008 1296 AQRNR--————————— LNKTRCKSFVALCKLIAALISCONLNNYg-GFLK--LLLYPNTWN AFLKVACDPKSLGFRL 1358
Query 10009 1393 PAMAS---LTPREIDQFMTLKCOTLEHVYALFSMLLEKYNYSQV—-==-ME-———- TGGLQL[ 2 ]VVGVSLLTPAVVGYRT 1459
Query 10010 1368 KNVGSenILTPAQKLOWLTRKIQITEHLIGFNIVLFKETDPNNV----- E--SLWNSNING[5]LLGNCLLRPNIIGLDQ 1442

Query 10011 1304 -SIHQfIDLTPGEQDELQKLRYEATTHLMKFCSQVLNAQSGYAE- IE--DLALRTIFM[ 9 |LLCLVLLKPRQLGLVI 1382
Query 10012 1281 DVLEL ~TPWEAESFDRTKCFVTIRLLDMISTVLKSGE--AG---CLP-HSLLNLQLWQ LIVACVLHPGSLGFDL 1347
Query 10013 1297 LKRHD ~TPAEAAAYRYLKCTVMVRVLDFVRTVLR---VDAS—--ALP-TKLWSGECLD FICKAVLMPIMLDFDP 1362
Query 10014 1330 TEAHI--LFSPNEIDEYNGLKCTVMIRLMDFLETIFANYSKESL--DVIP-MSLWNSNFFG LVINMTLNPTSLGFSL 1401
Query 10015 1299 ONAVA----TPYETEATAKLKCTVIVRLLDFVSVVLQEGPKVAS---LLSqHSVWSATMES LLTCCTLDPASVGFDI 1368
Query 10016 1309 VKKQI---FSPKEKDEYLRLNCFIIVRLINFVTTIVENYHLO-L--NTIP-STFWSINFWN CIYSSVLNPKFLGFDM 1378
Query 10017 1318 TSIH--—-————— ERGEYQRNKWCTIELLLTFIELLLTKHTSETVsfEYVP-DSLWSQELYT IVMDSLFYSSLVNTAP 1385
Query 10018 1302 KSTL--gLFTPREIEEYNMCKCTTIVRLINFLAVLLOMSPTSII--EGIP-RQIWSQNLFE MIFLCILTPHQLGFNV 1373
Query 10019 1339 RGMG--dIFTPKEIDDYFRAKCTVIVRVLNFLTILLQDFPQETL--KTLP-PEFWSEDLFE VVLSCVLEPGVVGFHM 1410
Query 10020 1272 SRNYR--———- SKRSRWTEAYLSVLVSLCNFVKAIMSHGNILLR--ETLD---LDNQSLRD[5]-LVEVLFHRADLQLHN 1341
Query 10021 1381 SISEI--————-- RASAVTIRCOLIVRTAALLQLLAGKQPDCLK--DLLO-GKENSNGLWT ALARATLRPQLLGFDA 1446
Query 10022 1301 KSLDK-1LICKEDKEILTKSRMVLITQFLRYLDQLDEESLLAHA--DLFQ--KNCNFNLIH[4]IMVIPLIHQLQVLVED 1376

Query 10001 1386 GO VEV--MNHLPEQTLGTL-QILMRSLP--RNLAQELIESVSRHLN-MSS-CDLSSKLPIPLLEPNQD----YIQL 1450
Query 10002 1420 AD VEI--MNNLPKTTRKLL-RLMSTHLP--ANLRNNLSKAVTRSVT-KSS-HHDLTKLLQSMFGRDEGLTtdHGKL 1488
Query 10003 1415 GD VEI--MEKLPQETKQLL-LLMCRSLP--SQQGALLKSQVAAKLS-RRS-SHDLFSHLPEVSAGVAEL--dHVRL 1481
Query 10004 1387 GD VQV--MAHLP----DVCVNLMKALKM--SPYKDILETHLREKIT-AQS---IEELCAVNLYGPDA-QV-dRSRL 1448
Query 10005 1394 AD VQV--MKNLP----NVCVKLLNAVMK--SPFKETLVDSVRKRIT-AQS---IEALCNVDLYSPGA-RT-dHAGL 1455
Query 10006 1375 GD VEV--MNNLPSEV-—-———m———————— PTKLMFVGITNFSDL-—-—-— FSLLTNLS--LNNPVVG----HTVL 1421
Query 10007 1394 GD VEV--MMKLPEQMEQVL-RIFSRYLP--PKALDMFRRTLKSKLD-SGS-YNLLKKLPHILSGPSED----HMTD 1458
Query 10008 1359 YsS KQF--FECISQDVRLLF---LALKNN--TFLVQQVSTSMKEYLT-QFY---PWPDVESVVTCDSHLAI----EQ 1419
Query 10009 1460 ID[11]KQV---NELP--LNLIVdARVCQLIVNggDKYRDTLIGYLGEMIS--SSsCNLGEIGVLITTEGTDRLV- 1533
Query 10010 1443 LP DNIVvk-QKLIIQVETLLKLFKKLSINN----—=-- VTQLAQDLA-EIAfSDEVDLLNIELDKSDPTYY--——-- 1502
Query 10011 1383 SE LORa--QDLAKLASKVLtRFTQLSSN----LKSEMVELLRRVIEgDDPaYDLNNLSFSSKISGKPKAL-sLEDA 1451
Query 10012 1348 YN TEV--TDGLPKNLIQLL-GVLQETLP--SSQLEELNSELGKAVS-SMQ-TDVLSNLODSLRNDK-VTL----EQ 1411
Query 10013 1363 SD PEI--EEKLPKKTGVVL---ASLCLS--GEPRTNLVAAMRTTLA-SDE-CDLLRMVRDVLPGRDIPAP----LI 1425
Query 10014 1402 KN LEI--FSNLSPKIRQFY-KLVIQNLP--TDKQNKFRQQCQQIIL-DSR--EL-NLDFLVL--KDIDWI- 1462
Query 10015 1369 KD TEV--SKHLPSRLEEIL-GILARRGP--SEVIGEYSDYLEKQLQ-KPE-NDIIKMLPLSLSETAHINL- 1433
Query 10016 1379 TD TYI--FNQFPKETRTLL-KVFYEYMP--KPLYNNFNEHLYEYLE-SKC--NIYNLFPLNLNDKDLKIL----EI 1442
Query 10017 1386 DD PST--AKRISEAAVSCL-TAMCTSLP--IDVKONLIAYIASNIN-TGQtNNVINRLPVSYNESTTSSG--ILLF 1453

Query 10018 1374 GD IEV--LEKLPQOMKDVC-GLFQMKLP--KDKRELMIITLKELLS-RNRSYNLPDLLPIRFDRDNELNI-dFERL 1442
Query 10019 1411 GD VEV--VEKLPEQTGVLC-KLLVQRLS--GECLERLKGTLEKKIA-LGShCNLFDQLPFPLSNPQEHQV-dCLRL 1479
Query 10020 1342 AS SFRa-IEEFCSYVTMHS——————-— Poe—— e QWAHOMOKMID== == == ———mmmm e m e e e 1371

Query 10021 1447 QD PSL--MAKLLDCLSTAWhAVARNLAPVgSSYRSSIVSAIAAELE1AGQsVTVQRLLPQSGLASDPPSV---AGA 1517
Query 10022 1377 QE LER----QLRNQSELLLrKLVAIKNL-—=—=—— DLAKIIKKDIVpPpSMRCINLNHMTVDNVONYHPKML—=———— 1435
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Query 10001 1451 RLLVSGFEQLNSAG-LLSNTLV--SKS-SEKLAEDLVNTVFMGMVTAVD-[ 2]P-TLVNLSPVSQSLAEKMLTLAFQOMG 1522
Query 10002 1489 TIHLVKGYEQLHQAN-LLSAATT-GHGS-GSSFAVKLFITVFDSLTTSDEA[ 2]L-LOANLTPLSVELAESLLDLAFLLG 1562
Query 10003 1482 TLMVSGYQQLHNAG-LLLPAL--GTNS-GKSLASELVSAVFKSMVTRKD-[ 2]P-TAASLPPSFHQLTGGLLQLACQLH 1553
Query 10004 1449 AAVVSACKQLHRAG-LLHNILPSQSTDIHHSVGTELLSLVYKGIAPGDER|[ 1]C-LPS-LDLSCKQLASGLLELAFAFG 1522
Query 10005 1456 RSILSACQQLHKAD-LLNSAIDCEAGSISSSLSLKLLSVVYKGIAPGDER[ 1]S-LPS-IDVSSKQLADGLLQLSFSLG 1529

Query 10006 1422 OHLVSGYILLNKTG-LLVNT-=————==—— NVQOLVFDTVYKVCIYPQFF[20 ]LKKIITLTPAASILGKSLLDLSFKLG 1506
Query 10007 1459 SHLVAGYQLLHKTD-FLLPALKDGGHS-AENVSNNLLQOTLFQAVSEEDQF --RLLECSPSTLELSRKLLELACSMT 1530
Query 10008 1420 OQLLNVYGMLVEVG--LQSVVELPRAE------- FLWTTVADVYFSKRIG = -—--—--—- LPPSKLGMVKQIFRVAALTG 1480
Query 10009 1534 -SLINGYNILQKQS-ILDVTLKFAKLS LPAMTSTLFDYLNEHVDN[ 10 JEILVFILSTGHIQPSKLLEYLLPPIK 1612
Query 10010 1503 DQITHGYLVLSSSG--LFPDLLEHEMTSYMNTSSKLYDYILAIWKKFNNL[ 4]---=--- DPLWVELIRKLLSFALSLS 1573
Query 10011 1452 LSLVKGYQQLSQVK--ILPLVLNKVRA--GKLGERLILTVFGI---EQEC = ———---- PPSLQPITAEMVNLAMSLG 1513
Query 10012 1412 RQLLKGLEILHKCGMLS--HIVKELPNgYGLDGNQIVKHLFSALVEGQGD MkKRTVVLOPAAFSYAESLLKFAFLLN 1485
Query 10013 1426 KNVVSGVQQLLAAD-LLDECFFTDRDA----FGRELFAALFEYSHTSTPE = ——------ PTNLAMAGLLADLALSLS 1488
Query 10014 1463 SQTIAGYEILSDFK----- IF-———————— KITTDMSKFVFDLSQEETE- = ———-——-- SQTTTEAKRKLFSLCLSIN 1516
Query 10015 1434 RHVIEGIGILEKSGWLAKCNVVS—=—--- YSV-AKELVDWLCGSIFKEQNL SVSGISPHPSLLKFLYTVMQLAITLD 1503
Query 10016 1443 OQEMLLGYEQLIENK-----LWPKQONCNkSKKLACDMLSSVWESCILETEI[ LNPSVLNFGKKMLTVALKLD 1513

Query 10017 1454 NRLVQGHIYLAESNkCLSDVLKSMGISeEESLAMRLYTNALTIIRGISSS[ 8]Y-----MPPLHKLTGELLLKLGLELS 1532
Query 10018 1443 TFLIKGYKQLLTMG-IL-KTTPADHKDIIE----KIMKSVVDCFRGREMN|[ 1]D-RTA-LSPAQQKVAAELLDLAFELN 1511
Query 10019 1480 AYLVQGYQQLHCAG-LLLPALKAQARNaSEEYAVKLFTAVYDGVKPSLNV[ 1]L-QTVILDPASQHLASKLLDLAYDLG 1554

Query 10020 1372 RMLIKLHQSLADVS----————- SSES1SDHSDTITSLTLFGSKVLSAEL[ 7]----- NYAEIFALVARKIVEYGH--G 1438
Query 10021 1518 VRLARGVRALRDCG-LLADSTADEKRQ---===—===== ILDRCCQLAES -aQTTQOHPVLPQLIDAALTYALNDS 1579
Query 10022 1436 MSMCLGYLKLASID------——————=== PNIKEYLIS--FRSLPTIVEA[ 5]----—-- TPISNESARVLVKFLSKLE 1492

Query 10001 1523 YPEKN-LVELIFN----S NNIHGVSTSVQ-CSPHGTLFYAAFKSVVNLNFVKSVEKFVP-L LMRHL---EANGE 1586
Query 10002 1563 IEAKM-LVSCLLD----K TALFSG---RS-STSKGAVFYTTFKTKLNGEMAVQAQKVIP-L LVREG---GKDVT 1623
Query 10003 1554 PQGHD-LLDCVMN----K TPLMTGGGKKS-STFQGMVFFSTFKSCICQQLIKTCAESLP-V LLOQL---TAEPV 1617

Query 10004 1523 GLCER-LVSLLLNPAVLS TASLGSSQGSViHFSHGEYFYSLFSETINTELLKNLDLAVL-E 1591
Query 10005 1530 GQCEE-LVSLLLNTMELS VPLSGATQKNFiTFSHGEYFYSLFSETINAELLKSLKSAVT-Q 1598
Query 10006 1507 LKDNV-LITALLN----D DMIQGKT-PSV-NLOHGEAFFLMFKSVICQYIAENGRTIIP-I 1569
Query 10007 1531 DKPAQ-ILGAILS----=  ——=== KT-KTK-NONSSONFYAMFQSTINLYLMKEAKYFIP-E LVNYA---SKESS 1587
Query 10008 1481 SAVDV-LIKLLMNTESVR[1]-===-- AECTS1CSTKGELLIANFSDEIALILCTNAELFLK-H LKEAS---RCQPD 1544
Query 10009 1613 VLTKStTTTTTTSSTITD[1]-QLEEEEKRQOKQIEHQSNFYKTYHSELIEYISKNFESFSP-—[1]FIDRIv--QTNHI 1683
Query 10010 1574 KYNGA--—-—-- INQWLLS[2]--IGFPSDNSTfYYONGTIYCQKFSSVINEHMSRNFREFAK--[ 1 ]FFDNIndfTRDQM 1640
Query 10011 1514 VNATF-LVNLIMDEKSVG[l]-======= STNrKLTSGEVFYMNFRDTIVHQVKFFYKDCLR--[ 1] ILEAA---AEKQA 1575
Query 10012 1486 KEVIT-VICCIKE----Q ASIQNPATHSS--VLHGDYFFVTFRSAILEHMLACFEHSVS-C 1548
Query 10013 1489 VPKSQ-LLAMLRDDTPTP[6]STMLASASKSAtQTTRGALFYDTYRTVLAPYIARHFKVFAE-Q 1563

Query 10014 1517 ——-RN-FLTKIL------ —-ONYLEEQSAN--VTLSYFRAEIFTQCLNFYSDI-———~- LD-F LFSKL---SSKFS 1568
Query 10015 1504 PKVKH-HLLSWAT----N SDTVSGTSGQE--VEKGSHVLSILGPKLIPQFLESPDDALS-R CVEMI---REGRF 1566
Query 10016 1514 ISSED-LLKKLLD----E QOLYVSNLKTK--TRRGLIMFSTYQQEISLFAGINSKHFIS-S LMNNI---NKSKT 1576

Query 10017 1533 DSVEP-FLLLVLS----- -PAQSGAGASF-AAQDGLLLYITYSGLINNKLLLHIKMAID-V 1594

Query 10018 1512 ----E-TIDIFFRYLLDE TKLYGDSN-SA-TATLGMTLYYTFNSNINAFLAKVSNRCLP-M 1574

Query 10019 1555 —-IMEDSNDNP-GSSCGCTFYRIFQTSINGFFIERANIHMA-N 1612

Query 10020 1439 SPODRIVVVAALQAAAAS[4]TDIFLKSADRR—-———=-— MYASIYSDVIHMLPTLAVWKRCA-S[1]LVSLS---LENDF 1506

Query 10021 1580 ALLOP-LVTLLTEH----  —————————————— SAGLDLLNSYKPCLTAYFSANCQOSLLTiL[4 ]LLKAAtapATAAA 1638

Query 10022 1493 IPNET----- LCEWLTKK[1l]----=—-——mm—m e LLYQKSSDLLLSYIAENWNHFKL-N[3]YLIIK---AKDEP 1543

Query 10001 1587 T LSSVLIGIAESVISDRPLRKSHG KMVS---RAIVSQWSSLSV--WWSEStASLDTKMVAITLLTKLMQIDST 1654
Query 10002 1624 V VSSVLNGLLDYLTSSREVRRTHG MSVH---SAILTQWDILMG--GLKKG-CSTDLOSFALLMLRKLLOIDAK 1690
Query 10003 1618 W VGSILHGLLDHLAKDKTLRKKEG AALC---DSLLQSWPKLAP--WWEEG-ALQODSKSTALTLLRKILIIDSQ 1684
Query 10004 1592 M VSAVLNGMLDQSFRERANQKHQG LKLA---TTILQHWKKCDS--WWAKD-SPLETKMAVLALLAKILQIDSS 1658
Query 10005 1599 M VSTVLNGMLDQSFRDHTVRKTQG VLLV---SAVLTNWTRLES--WWSEN-SSAESKMAVLTLLSKVLQIDSS 1665
Query 10006 1570 K VNSILGATVDYIARDRTLRKKEG PNVA---STILSEWKKFST--WWTNN-APPELONLAISLLTKVLLIDSR 1636
Query 10007 1588 V VSSVLSSLLEQISRDROLRGGEG KTVV---DVVLSCWSQLQLgqWWAPD-SPQEVKMSALNLLRKMLLINGK 1656
Query 10008 1545 V VGRALFHTVSVVVHSSDLRKKYG([ 4 ]LQILgifGOELLYWADVVVS——-NET--——— LKMLWLKLMMKLILIDSK 1613
Query 10009 1684 D[1]ILNDICIYKQTIQFNNTTDKQSK[4]|KSIM------— IPFLIKISSh--LLKDVGKTTDKENIIEFTKNLINIDTP[3] 1756
Query 10010 1641 N[3]IKDLILNLIDYLISKKDTQQSVE[2]IHLNs-eFYFLKSFVKICTy-—-—-—-— D--—=—- RHYLLKLWNGLFMLEPN 1706
Query 10011 1576 A[2]---LLIALLDSYLKPSEMGASIT[1]SSFM---QEFLQHIEVLAP1--CRAG-SSLTLRLFFLDILHKLLMLDTG[4] 1646
Query 10012 1549 Q[1]VISTVTEILQYYAKIRKSKHQDS TTLCafeRSIVNHWNKLSSf---VEG--NSEQVYQLLGLVVNLARIMPQ 1617
Query 10013 1564 Y —~RLVHDAARALVTGDTEMRRYAD ~EFF---TAFLDGFLHVRT--WINSAgAGSETHVQGMRLVSAVVRCGVR 1629
Query 10014 1569 K ILOFLINFVEFIAMDKHLRKTNG QKLI---LKVFESWPKFEP--YW--S-FESQFKILMISLLTKCLMIESP 1633
Query 10015 1567 ©L[1]AMGFASALLTCLIRNADIRKKYS VKVV---QSFLKHWPTLAAQ---AGK--TSLHODSVLSLLSSLF-LIDR 1631
Query 10016 1577 T VLKILVGILDSIGKVKEFRYRYG KDII---NSIMCQWSRLQQ--CLEES-CDIDLONDIITLITKMFLIDSS 1643
Query 10017 1595 Q VSVILNLLLEYVQKDFKINNNNN[ 5 ]ETLC---TELISHWQDLSL--WWEDG--SKDLKSAAVTLLQKIIALKPK 1665
Query 10018 1575 M ISGILSGLLDFILRDRGLRQSKG IHIS---KKILSSWNSLKC--WWLTP-DAQDLLQISVNILNKCLTLDPQ 1641
Query 10019 1613 L VLSLLNGILDQVIRDKILRTRNG SSFV---AVLLNNWTSFEI--FWRTH-SAMDLRHSILMILKKMLILDPA 1679
Query 10020 1507 V VNVLIDILRQVACSKVYLRKSAE([5]ATLVaavkKQFINKLETVKRE-~——————~ TQPALSLLQILKHFVELSQN[4] 1579
Query 10021 1639 T[6]LAAILESLAASVKRTALSKQGCA[4]KQLA---SQILAKWTLVQQl--WDYG--NDDCRFSVLGILTNLLAVDAE[3] 1717
Query 10022 1544 S LYAVFIPILEKLS-—--— QOKTPN|[ 2 |KILL---RSVPENWNEQERtdFTEFE--VATSKVKIYTFIANACQVQLR[2] 1610
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VIIDVKNKSFYY--VFKMFLGLISDKNNTLQFKTRVLDL
FVSDTTHPVFSS--VLEAYSFMLTDASTSLTFKAQVMDV
VSRDPAHPAFQP--VFTMYLDMLTDSRSTLPFKSQVLDL
VSFNTSHGSFPE--VFTTYISLLADTKLDLHLKGQAVTL
VSFSSNHEAFAM--VFHTYTTILTDSTLALNLKSQAMII
VITSHTSHPSFST--IFEMYQTMLVDNKTNLAFKNKVLDL
VVSDPTHPSFSC--VFSMYQSMLTDTKSSLLFKCKVLDL
I---TEWPEFAP--MASAYFMLLNDQSLTLDFKNRMLSL
—-—-ETKEGYDF--VYQLLINYL-NRSNSLAFKNKALVL
LLRRFSLEEFQN--LFRENYEAFLDKQIDLEFKNEALDL

LIFFCNLPA-EE-NKQLESCLNQFVADCFPMSSLEFHA
LFFFTSLPD-GE-QTKLRSALDRLVADNFPLNSSEFRV
LPFFTVLPQO-TQ-LAELKARLDRMVADNFPLKSAEFPA
LPFFTSLTG-GS-LEELRRVLEQLIVAHFPMQSREFPP
LPFFAHLPE-EN-LAVLRHALDQFVAAHFPMKSDEFPK
LPFFAMAQE-TY-ITKLKSSLDRFVADNFPIKSNEFTK
LVFFAKLPE-KE-TQQLKACLDRIVADHFPLRSSEYAV
LAGFCTFDR--H-ACELGRSLKLFMVNNFPLKSDEFAK
LPDLLLFPKhHN-YNLIQEKLNEIVVYDFPLSSKDLTK
LPFYFKSDLpKE---KIESCIEFILYQQLPTDSKDYSK

LNIKYSSFDFITetFLSFLSCSSEDATNSRLGSSAAFTL[ 7 ]LPFFFSANVASGVHSKLIRILSGIVTDYLLVREADIPQ

PDRGLARCEA----LOKWVITQLTSRDLQLHYKSRALDL
PETAQRHANFEQ--VLEVYKRFLEDRAVDMTSKRVALQL
QPK—————- NEK--VFQMYFEFLTDEKSMLNFKAKVLDL
EGTIKSHCTSSRsdMVVFYNGLLADAKVELQAKIKVLKL
FIKGNVNYDSNS--IFFSFITLLOKSEMSLEFKICVLDL
LLLKSADVSKPL--V-DMYTAMIGDEKLELNFKAVMIDL
FATQSNDSSFET--VENFFLSLLSGTSTSLAFKKYVLDL
KVIDCNRLTFPS--LFEMYLLYLKDKSTTLAFKGQVLEL

LVCLAGPQE-DT-NQELRSALQTLREQHFPOLSTELHS
LGPLCKGTQ-HV-RTECAASLNAFCQASFPLRSREYAV
LHFFTNSP---———- KFKVSLSQ-FMSQLPLRSQDLAK
LPFFFTMGE-DI-AKSVSEALEMLSLNHFPLHSTEFSE
LPFFLCDAF----LCKVQAALNDLFTNHFPLYSSELKP
LPSFLLLSSpEH-QSQLKGSLNRLVSLQFPLTSSELPA
LHFFLVSSD-KR-IRELREHLDRMIVDKFPLKSAEFVV
LPYFTKSTE-EY-LRRLKEGLNAFVTNNIPLKSTEFVT

YVEALRLGPILD--IQNACSLLLKQRGCSYLVKADLLQI[5]-PSSILATKeRQpSDPILNALIAFVFDEFPIVSVDVSR
—————————— SNdgVFVLFVGVL-NSRVNFDLIVNGLAL LGYMCRNPStER-AERLSSQLKLLCSETVLMRCSNQLG
—-SNHYAIKFIDh-LCEKVSKYLKER-YPVHIKREVLNL([ 6 ] LETQRENEFVHD-KDNINFSLRTLQSQFFPIKTREL-V

—~GSQQOKCYITALDRLLLAMELSGSLMLLNLIISVICKEVK-HTHENATQSAFQRFIKRLPKD--KHKLALDVPYKIFSQ
—~GSPKYIDYAGALNKILTAMVLSGNLMLLEIVISIMCRDEK-HAYEDEIQESLAAFIKRLPEE--KQTAAFGVAYQIFCQ
—~GSSKYNDYVGAVTKLLSALELSSSLMLLELLISVMCREAK-HVMEDDIQTSLSRFIKGMGAD--ROKPALDIPYGIFRR
~GTPRENNYVDCMKKFLDALELSQSPMLLELMTEVLCREQQ-HVMEELFOSSFRRIARRGSCV--TQVGLLESVYEMFRK
—~GTLKYNNYVDAIKKLLDALELSQSPMLLKLMIAILCRDSR-HVMEEGFQVCFQRLAKTGSCE--KQVALLEAVYGMFEN
—~GSPRYQDYISAINKILLALELSGCSMLLELLISIFCRESK-HVYEDEIQDVIARYTKRLVIY--KOKLALDIPYKIFTS
—~GSPKYQEYIMALSKILSALELSGSLMLLELLISIMCREKN-HVYEDRMOESLVTFIRRLPTG--HOKAALDVPENIFTK
—~GTAKYDQHVAACQKILFAFGCTGSPIILELLLSMVCREQS-HPIASDLKHQLQOKFSSRANSAV--LENILELLDKMEFEFN
~GSPIYNEYITTIERFLNTLEITCNPMIIDTLLQVL-KEQD-HSHITHINQSIERFIVRTNDSg--AKEVFSHCFAMFMS
fGTKKLNEYLSVLDKMFKAMVRSRSVSLFKILIPTFCRESD-HMYGEEFQRQVSEFLSKLSRS--KYVDTMDIAYGYFTN
—~GSIQRSNYTQLLNQOLLAAVSVSHSLELLEVIFPLVQTPNK--ISSRAVSEAVEVFAESLEDNr---EAAFNLCLTMIMD
~GSVGYSGFVNAFRKILRGLEESGSCVILLSVVAMAASESQ-HVLEDQIQKSLOIFIKRLEDK--QQVKAIEAVFKVEVD
~DSTQHREYIAALDDILDALVLSGSLELLEVVVTVHOREDRtHVHEDHIQRKLRDFIVQEHTDa---PQAIELMFQIYLA
—SDDIYKDYLNVVHKLLVCLELSQNLDMLSLLIGVVCREKE-HLCENQFRESLERFIKRLSSE--KOMEIVKQNWSNFQS
—~GGARDREYHQAICEILTALELSLSPILLQFVVNLFCREDK-HRYEEVMHESLEKFMKKLPLL-~-KQQETLKHIYDMYND
—~GSSQYNDYHLAFTKLLIALELTGNEMLLKFVIQIMCREST-HLLEENIQKCLKKLCKRTDSN--KERLIAEVPLKMFLE
~GGPLLNEYTNIIEKLCNSLVASGSLVLLELIINIMCREVR-HVCEEKIQTSLHQFISKLSEDg---VDALKFVYEMFKN
—~GSPDYNDYVACIDKLLANLIKSGNLMLLEVLISVMCREKK-HAYEEQIQKSLLLFISSLIPK--DALGALDVPFKMEVD
~GGPQYNDYVQTIDKLLAAFVNSRSLILLEVLIAIFCRERQ-HVHEDQIQQSFIAFIQRLHPEpdQAKAAMDVCLSIFFN
~GSRDFDVFHMLFTEVLHVVEQSKSIAYLKVIYPSLKEAES-HLFRVEIKQMLARFSLSLSSGV1INGSVASSEMIQROMA
iNSHAYCQYVRAFRGLLLAQETSEHPLLLEILSILVCKERQ-HALEAEFQQCLNRLLLRIPIQ--RCRDFVTWPWRLFRG
rNSNVYNNFHIIVEGFLSLLILSKNLKVLRMIYNSMREWKT--TYEPSLKRTLKIIIEQSINKm--PLHQFKQTFSQFMD

-E---G REFTNNQRRAACEKVSLSLMRLVHSSALTEFYC EHIKEIMKIIE-AKPTKAPEHAFE--AQLTSKIGCF
-E---N SFSKEIRRAATIERVCIPLMRLAGVKALSSFFK ECIKNIGGIID-AKTIKAPETVFQ--NQLVSKTCCF
-E---G SFPNEIRRSALERVCLPMLRLVHPAALTEFFT DHIREIMDIIG-APQTKAGEASLR--TQLTNKLCCF
-D---D PRLSFTRQSFVDRSLLTLLWHCSLDALREFFS TIVVDAIDVLK-SRFTKLNESTFD--TQITKKMGYY
-E---G GLSNIARQSVMDRSLLTLITHCSLDALKEFIS KIIKDAMGILQ-SRFTKTSESSFD--NOLTRKIGCY
-5---G SYPSAIRIAALSRVCLPMLRLVHKSAVIEFFL THISFIMSEIE-AKLVKGSKAELE--NQLTTKIGCF
-E---G LFPNEIRRSTLSRVCVPLLRLCHQSSLSEFYV DHIKFITDTLS-AKLSKSSESEIE--RLLTLKLCCF
pS---G CVCASLRLALLNEFFIPFLHSLKNDLLLTWTC RKIQTLVSCLT-ESLTLEIQTDCE--QOLITKIGCY
nD---- —~YODELKITLIDKFCVPLIGHMKQQVLIQLFA QHLSSLMSIIQ-PLAPKYLATAIErkSSVVEKICCF
-Styvs  —-—-——- FORIIIEMILSPPLLQGPKIFVMDFFK KHINEIIDLLE-RDKYTRNVDEKI--YYLNERAGSL
-—--rG[1]--SYELRRAVVEVIFEAFVNSSSMEFVTVWYS QHISDLFYVLKgSSSMLSAEREFE---DLFKKICHY
-D---Q —~YDPSVRLGCAQRFVRPLLQGCRRSAAREFYR HCIQDLOGMLN-VTLDCRGOLQTE--HOLVGRIGAW
=E---T N-PLFVRRGVAQRVLATFLQACKLSMCSAFYI KRLPAIM-SLM-SQDTPLTSTP-—--- AIVIKMCTF
-5---D —--DERKFLLFEKVIFIFLKNCDKPVFIDFMS ANIVSLIEVLN-WNL---NEPAFE--MMCLNKKCVF
=P==-T CIKONLRYNIMDLVLTPLLQQAEAVPTQONFLL TVISAVMAGMS-APVHGRSDEQHK--TLVT-KVGSF
-D---E LYPSDMRIHIIEKVFRVILGMISKITLKYFFI DHIKEIMQOIVK-SKR---KSSN-E--IQLVSKIGAF
-D---K DFPVAAVKGIGERLCVPLFTECSSAVLLEFFV LKISDVMCIME-AKLARVTDPKLE--CQLVHKSCCF
-D---K SYRPDIRRAAIERVCLPMLQKASLKITKDFYV SHIKEIMDIIE-TKLVKT--ADLE--NQLISKLGSY
-E---R DYQTHSRRAVIERICITFLLKTSTTARRAFYQ DOIQKLMSVLE-AKELKPTDPNFE--SQVTSKLCCF
-E11dL[4 ]NVDVAIRKILLEEVFTPFVECQTGEILLHFYM[ 4 JKRKSTIISLLA-TLISASAEGAFE--ESRIGTVVAF
-DsggG GFTGFHREQLVSRVLAPLLTQCHGSVLLDFVA[ 2 |DCLEYCLTCLLNAQQSLAGFNESEteEILLLARGCC
-EfmnR[4 ] SVDDNLRWAIMKKIILKILESCSQEFLADIMI EFTPQLEIVLK-ESIFLOKDPLEQ--YQLIKQKKWI
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ELL-EVMYSRLPNTDVNSKD-SSINKSFCS---PKIPDtGKE-MNLTITKVSNATKGE NMNGE TLLIP LRR
QLV-ELMYSRLVKEDLFSMD-SAINKAYTN---D-VKT-GKE-MTQALTKACHAAKSE DIRGE TNALE LRR
QLL-ETMYSRLPKEEVNTPP-SRIVRAYKG---EEVKA-GNE-MTTAITKFGHAAKSE DLRGE TGLLD LRR
KIL-DVMYSRLPKDDVHAKE-SKINQVFHG---SCITE-GNE-LTKTLIKLCYDAFTE NMAGE NQLLE RRR
KLL-EVTYIRLPKDDIYSED-SKINRAFHS---SSNME-GNKILSKSLLKLCYDAFTE NMTGE KQLLE KRR
QLM-ELLYSRLTKDEVNSKN-SVINEKYCQ---TKVET-GKE-MTQKATKCAHEARSE DTRGE TELVE LRR
ELV-EVMYSSFPKEEVNSKN-SKINLKYCG---GKVET-GKE-MTTAVTKAAHEAKKE DVRGE KRLPE LRR
KIC-AIIYNELDLECL---K-NEVNVSYLG---SDSQM-KNE-LIKKLVSCAVGAKKE -FCRD SKLDS[ 3 JHFF
KLT-QQFYESLPATVIRDQV----NPYFTG---DKHDAKGTE-LTAAIMKAAHLAKSE KLATD EQHVT[ 2 |LAT
TLL-QILYLRASEEDVYSEK-GEIVKAYCQ---SRPLK-AKE-LTRKVMEKAHKIKSR[ 3 ] DDNGN KLVSE ANL
ELL-ELLYSK--ADNVSITK--TIAPVFTS————=————— SD————- LMRQAGDTCHG KLDPE YKLYP[4]TWR
NIL-EPLFVHLESSELESKE-CVITAAAFP---GAVKT-GKE-LISDLTSRAYKYRSE[ 4 [NLTGN VQLVE LFR
TLI-DILFQRLNTTDLYGKS-AVINKTYCE---AAGEPVNDK--GSNLTTNTCRALRD TVTGE ESLVE LRR
QLI-ELAYKRLHKDEIFFTN-AKICMAYETikfGCVKD-GKE-LTKEVLRKSRKHMNE [ 4 | NTGQE SAKIE[4 ]LER
MIL-QIMYSKLPREKLFAPG-SEINAAFRP---GDQ-S-GKE-LTKEIFRYAAKISKG ELRHD QTHAE LRR
QLI-EILYTYLSKEEVS-KE-SQINCSY-- GKE-LTREATGFAIAARKE NLEGE SISKE FCR
QFI-EILYTRLPSSLISSME-STVNTAYCN---GSPQT-GKE-LTQAITKCCHGAKSE DLHGD RTHYE TRR
KLM-KLMYSKLSKQDVNTAE-SSIVKAYTG---RPTED-GKE-ITKSITKAAHACKSD DLRGE TRSVE LHR

KLV-EILYSQFSKSELNTLE-STINKAYVG---GDVKT-GKE-LTLAITKAARAASIE DMRGE TVALE LRR
SLV-EILYRLVDPDIIR----SKINSAFLG---HKSGK-GRE-LTMLVCKCASKVVTK ---1Y LEADD LVR
RVL-SCFYMACGLTELALPR1CDAFKRFYSrgpAAQKDpDRS-LSNWVSVQCYDLVTQ ---SF PRCRE SAR
FLVEEVMFRRLKPETIR----QQVHKKLYG----- ESSpGNE-LTKSLIQLCTLAKKA[ 6 INFVKD[ 9 I[NSPLQ VQR

ALHCAAYNTLIAALICTQKEKKFYTAFLFTENPAKNQLHWNN-IVDQDVVYEFPLEMENPIERRK-KFVSIRTSVRD---
QFHCAAFNALIAIISCTQTDIKFYNAFLFSENTAKGQFLLDN-IIDITKNYSFEIEMNAPMERKK-RFVSIRNQIQDtvVA
EFHCAAYNALIAIISCTQTDMKFYTAFLFQENTAKGQFLLDN-LVDTNKLYQFDAEFSAPVSRKK-QFVSIRQELRG--Q
LYHCAAYNCAISVICCVEFNELKFYQGFLFSEKPEKNLLIFEN-LIDLKRRYNFPVEVEVPMERKK-KYIEIRKEARE--A
QYHCAAYNCIMAVVTCIFTEAKFYQGFLFSEKAEKNIFIFEN-LIEAHRTYNFPVEIEVPLEKKR-RFISIRKEARE--A

QYHCTAYNLMISIISCTQTEAKFYNCFLFSEKPSKGQFLLDN-ILDCEKMFEFKAELDSPLERKK-RFVSIRNEVKE--T
QYHCAAYNALMAIITCTQTEMKFYTGLLFKEDLAKGDFLLDN-IVDQNRKYLFEIEITSLPQRKK-RFVSIRSEAGA--Q
EYRCAAQNCVIALVKKTQSHLKHYEGFIFND—-————— CWES-IIDKEVKYEFDREIQEEEQSAG-KMYYSRQDRPS--S
KYHGAAYSALASVVATTQTKETFFHVFFFKENKEKNEYLWEN-IIDLEQQYNF————————— EPE-TNFQISSQLSSa-V

HFRCEAYNALAAVILCTQONNPVFYKAFLFAENTSKGELLWEN-IIDLEIHYKIKIELNQPFFRTK--VDDFRSRSGK--T
ELHAAAYNCLAAVILCTQIDEKWEFNAFLFSEKSRP---LWQH-LVDLTKVYDDMSVETSQSSIISqQTVKGMRADLKArrT
QSQCAAFNTLVAIISNVKCELRFFTGLLFSENKAK-EVPWGK-LVNCNKEYALALDWEEIPARRK-QLVSIRCQARAQ-R
QASCAAYNALTTVICKTQTQEKFYSAFCFKEATGKVRDCVFN-LIDEKRKYTFTTELPAAMSVRS-KCVLALREGEA--T
ILHCSAYNCLISLFIRTQTEPKLYLAFLFKDDPSKNEFVFEP-LIDKIKSYNFCVEMENFTQRKT-KFISIRDEFKV--I
LCACAAYNAIIAVLACVONDLRFYTNFLFSANPTKGEVIWEC-LVDCSRNLEFDVEINFKPASKK-RFVAVRQKLREt-A
KYCCAAYNAVIAIICCTQTDSKFYSTFLFQENFAKGEYIWEN-IIDLNKEYTFPIELDT-IERRR-KFISVRHENRE--L
QYHCHAYNTLMSVISCTQSKPQFFVGFLFKEDVVKGQLLWDN-IIDCEKKYEFQVDFEAPLKRRK-QITSIRDDLKQ--S
QCCCAAYNALISVISSTQTEMKFYTVFLFTENVARKQFLWEN-LIDMEREYAFEIELSYQDKQKT-TFRSLREQSRS--S
QFHCAAYNALVALICCTQTDLKFYVAFLFSENPIKGQLLLDN-LVDCNRTYTFEVELSAPLERRK-QF---RMQARI--P
LACCAAYNCLLAAISQTQKQEKLYDQILFQSA-————— LWSN-LVDSALEYELR---———- AETE-NFVTIPLSSLSt--
OMQCEAYNLLVHCIKAASDKERSYLP-PFTENAAKRKFIFDN-IVPTDVDYQLPLQVEQSASRKQ-YLVSVRPAASS--A

QYACAAYTCLTAIIMGTQTKENLFSQFLFATLRDKGEECFWNVLIDQEKAYNF--EVETNFNYIQ1KQIEFKIEQAN--G
-VDPS---DEPTGPA SsvV H---YLASQYLAGSSLSTDVSQFDF--GSSMV =~ —=———— SSADSSFDNQRSRES
GSSsQ QSDSGIE MSG YtgrYLSTQYLANSSLSEDIQQFDF--SGGVQ[ 2 ]NASIDKDQSLSQRSSVPHIK
DSPEA---GSSR--- —— m———- YMQSYLAGSSLSEDISQFDF--TSGTQ[ 5] TFSSTQERYSQASQGSSRLQ
ANGDS--=—===—=—— --D GpsyMSSLSYLADSTLSEEMSQFDF--STGVQ SYSYSSQ---DPRPATGRFR
GDGDS—=======—=— --G EpgyLSSQSYMADSSLSEEMSQFDF--STGVQ SFSYNSQ---DPRGHAVRSR
RQGEE---EESL--F SS- Y---NISTONIEESSLSDDLNQYDF--NSGTA - ————-- QVFFSDIFSDLTSS
GDGNS---QDSA--E Ssv H---YLASQYLADSSLSEDVSAYDY--SGSLQ  —=-—-—-- GERSEPVPPRTRQR
—-—-QVELSVLLDSSLSVMATQFDF--TESLE = —-———=—=—=—— ARTHCAETR
----YLSSQYLQDSSLSQSL---DVd--TSSS  ——---- TTSTSTTTTSNNNNL
FKEAIv----SNNLK -— ----YLASQYLADSSVTQGGALFKElp--DES[1]GESKNEHSDTIPMEIDERVE
RGKGS1---SQTAST —— m———— ISSQYMHSASLSQEPAVIRTf-VGGIR[ 4 ] SAAGVGAGLLLDEESPSTET
RETLG--fASQSVRY IPs A-em——— SQYLFDSTLNEDVTLFDF--STSVV  ——-———————— STEARPGHDE

ATA AarrYLPSQILADSSLSQDAAQLEA1-RQGAD[5]AVEDASSSSSSPPSSDGPTF[5 ]
STM HstsSLSTONLYSSSLSEELSVFDFs-VHSSY NQAYNSQSSVTRA--PSFRR
REEGA--VvVAGTVQY MAS H- -YLSDSSLREDMSQFDF--NNSVV =~ —————- LAMSQTEKSSERVT
NSNKT1nfASSLKYA PSQ Yoo LSDSSLSDDVSQFDFs--SSEL AFSQDMKNKNRKEEIDSNPS
TAAGN---SSGSPSS SPS TrprYISSQYLSDSSLSTDVSQYDF----TLP[5]GSVGGGASTESSSIDEDSGN
VSSES---ADEADSG IAM ApsyHLSSQYLADSSLNEEISQFDFn-SSTVQ GYSENNSIKQIPTRETGDSE
SPKEN---SLEESAG RTG LsihYMYSQYLADSSLSEDISQCDF--SSPIQ VHSGTEA-RQPLYKLNESSS

VSLKQ-——=———= RY EVD[7 ]JKrnnSAALQFYTNSSLSMDAVTLTA--—====  ——=——————= STVTEPPDINR
SDSSAseaGPTDDLS[5]SSS[8]Ns1lgFAASQFLADSSLSSDVSQFDR1VTADLS[ 1] TSDSASLATASLSLSTSSSF[3]
GDISQ----IKANNL INE[5]-========—== NSAMVFETQPDKINni-KSEE[5]LLNNKKQNTNQDONMLDKSA[ 1]
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Supplementary Figure 5: COBALT analysis DNA-PKcs from representative examples from all major phyla (short list)

Query 10001 2067 SIEVPDVVL KEHYI EMEMDALNQHPCMAALSALLQHMKL--NQITPEVEKGSK--PS--SMPDWMKNIHDKIKN 2134
Query 10002 2115 KRYSNEETP[4]QGEYT EMESDALNQHECMASLTAVLKHMQA--NKITPEIPEGSK--AS--EMPGWMASLQKKLTS 2186
Query 10003 2100 ARQQQODSS-[3]HGDFL EIEMDELNQHECMSSMSAVLQHMAR--NNITPQVQKGAA--PK--DMPPWMSCLNKKLGG 2169
Query 10004 2068 RREQRD--P[2]HDDVL ELEMDELNRHECMAPLTALVKHMHR--SLGPPQGEEDSV--PR--DLPSWMKFLHGKLGN 2135
Query 10005 2076 RKEQAE-LS[2]QSDIM ELEMDELNQHECMPAMIALINHMQR--NNITPQVEEGKT--PQ--ELPPWMKFLHGKLGN 2144
Query 10006 2046 SNVQPDQFN[1]TVDYTI ELELDELNQHECMATMVALIKHLHT--VITPVL--KGTI--PK--EMPTWMSYFSEKMTN 2112
Query 10007 2067 AVSEEAAVP[1]EADYE EIEMDELNQHECMTAMTALLKHMQR--NKITPD--VVSN--PL--DVPPWMKYLRDKMNS 2133
Query 10008 1999 ----TESAN -MGMIPYEAGT------PLPAWMASMRDFLNF 2062
Query 10009 2148 - SAMNM PIELDKINSNPSMQPMLKIIDIYQE --RFRESIDQS--PN--DMPKWMNELYLKVKN 2207

Query 10010 2121 ----NKSKL  —=--- --PGWMNDIYKKFTN 2175
Query 10011 2064 NIETAEQEE IIETT ALDRDDFDQHECMPVILRLAEHVHV-—————— KFGANYQ--PG--VMPDWMKSLHATLDN 2126
Query 10012 2025 KTPKESGAE -STEV ILESDDLNMHECMATLCGVIEHMVD--QGISPTPDAETK--DA--ALPPWMESMRKCLSD 2091

Query 10013 2051 ASEDSPGAP SNIPV[6]QMEMDELNSHESMVSLMGLIQRIQAVhAESKPQRNEDGL11PSs-TMPSWMSNLLKSFES 2129
Query 10014 2047 SYTDDELNS QEQSV EIELDELNQHESMDNLISLFQSLVV--NKITPIYDNGQL--PS--EMPPWMTFVHKKILD 2114
Query 10015 2041 GANEMGGVL -M-PV HMDQSDYNGHEVMANLTAVINHMVD--AEIMVLHKGDTV--PKatDVPQWMTLVQQKLDS 2108

Query 10016 2044 NEAKDDDLV SNITV ELEIDDLNQHECMNSLTMLVQHMEK--IQL-—-—~ LSSS--PK--EIPKWLDNLCKKLED 2106
Query 10017 2089 SQEASSYVV SEE-- QLEEDDLNIHECMTPLMKLLDHMII--NKITPAPSGDSP--~----EMPPWMTPLHKRMTD 2152
Query 10018 2062 KAKTII--N[2]ADE-- ELELDDLNKHECMEALLTLLDHMAV--NKINPAIEKDTT--PS--EMPSWMVALRKKASD 2127
Query 10019 2099 TAEQTDDWY[2]SED-- TLEMDDLNRHESMAKMISLLKHLVD--KKISPEQVKDVP--PT--DMPAWMAPLHKKIAS 2166
Query 10020 1989 -———--- GAS LYQDI EIELDKINQHPCMIPLLRVLVOMKT-———————— EFGSNwnAK--VMPGWMQRIFDVIVD 2045
Query 10021 2163 ORRSRKNRF[2]QTLTA[6]VLESDSVNDHPCMATMVALLRHMKA--FKLIPQLPEGVK--PT--QMPKWMONMLQKVSN 2238
Query 10022 2054 ---DEDSEIL -QDVsS QLELDNVNKHECMKNIKRCIDKMSE-—-—-- LFKREWDQN--TN--EMPKFMQONLCLEIKR 2114
Query 10001 2135 SD T--QLNIRLFLAKVILNGESVFRPYASFWFQPLVA--LAT N--- -MGGLNY---FSLDIIVTLL-SWH 2192

Query 10002 2187 QS T--HVNIKLFIARLIINNNEVFTPYARFWLSGLLQ--LLI SGNT GGEGIHY---MVVDVVVVLL-GWV 2248
Query 10003 2170 sSsS T--HKNVKLFLAKLIVNNEEVFRPYARFWLSPLME--MIV RGEA SGEGINY---FIVDLLVTML-SWG 2231

Query 10004 2136 PI V--PLNIRLFLAKLVINTEEVFRPYAKHWLSPLLQ--LAA SENN 2197
Query 10005 2145 sSsS I--PLNIRLFIAKLIVNSEEVFRPYAKEWLGPLLQ--LVV SGNN 2206
Query 10006 2113 PA T--SFNIKLFIARLIFNTSEVFQPYTKFWLRPLCQ--LIF SGPL 2174

Query 10007 2134 TT T--HINVKLFIAKLILNAEEVFAPYAKFWLGPLVQ--LMV R-DM PDEGLNY---YVVDIMVTVL-SWS 2194
Query 10008 2063 GS I----NVRLFIARIIVQCFHVFRPFYLEWISPIIK--LIV MDEF GSNILHY---FRVDLIVVLF-EWT 2122
Query 10009 2208 DT[1]L--HPNILIFILKVIINRQQYFYRYHKQWTPILIE--YVI SNQT GGQGIHY---FIRDIAMLLL-SWP 2270
Query 10010 2176 IG[7]T--HINIRLFIAKIIVNVPEAFEKYASLWIRPVIK--LIT EGRS YGEGINY---FIQDLCAIVT-VWG 2244
Query 10011 2127 AA T--HINVRLFLAKVITKTRKIFAPHAADWIRPYVQtiLID PRKS 2190
Query 10012 2092 YsS Q--PRNIRLFLLKIILNVESKFHPYAHHWMNSILK--AIT DGVV 2152
Query 10013 2130 TS T--SHNVRLFIAKLITNMPDAFQPWSSRWLRPIML--LIL KFQD[ 2]ETPGFNY---FVTDLCLLLL-TWA 2193

Query 10014 2115 VY T--HENIKLFLIRAIANTESIFKPYCKFWYSALIG--FLV NSSL ~CRDLAQmMAcFTLDLMVMLL-SWG 2178
Query 10015 2109 AD T--PRNVKLFLLRVMMNNARIFEPYAAHFVSTILT--CLV DGTI ~GDKINY---FFCDVMVMVM-GWG 2169
Query 10016 2107 YS V--HRNIKLFLTKLFINNAEIFKPYAVFLLQPLIN--LIL NATF -GREINY---FILDLMVVLL-SWS 2167

Query 10017 2153 SR T--GRNIKLFIVRLITNRPKIFQPYAKHWLPVLTQ--FIL SGDS[10]GENGLDY---FTVDAIATML-SWS 2224
Query 10018 2128 HT T--NRNIKLFIAKLIINRPKIFRPYAKFWLVPLIQ--LIV -EGK ESDGIHY---FIVDLMIILL-SWA 2188
Query 10019 2167 SsS T--HLNIRLFIAKLIINEAKIFEAHAKFWFNPLME--LIL[4 ]TEPA GTEGINY---FIVDLVVTLL-SWS 2232
Query 10020 2046 LS T--GLNIRLFLAKVVLNVPSVFSTYSSLWLPAVMKalLDV SAVQ KVSEFNY---ILRDCCNLVLNnSWK 2110
Query 10021 2239 sSsS TdsHPNVRIFLMKLLINCQDIFQPYAHFWLRPMCQ--FAL SDRN GGQGFHT---LLVDIVYFFV-AWS 2302
Query 10022 2115 PD I--HLNFKIFILKILINHPQLFSAYAKEWFEPIAN--YLC DKNN GGKGFHY---FMRDLCTLLI-SWN 2176

Query 10001 2193 EIAIPEETTVD IAMTSHLVKYIVONCYHQNRQIMRNNLEVLKTLVEAWKSTIR--IPTQDIYENFIDREDKGKRN 2265
Query 10002 2249 TVAIPED---- KRLANRLLEFLMHFCHHSNRQVLRNNLEMIKTLVECWKEIIS--VPTSVIYRILATPDPDVKDS 2317
Query 10003 2232 PVAIPEDSAMG RALTSRLLHFLMANAFHKTRAVMRNNLELIKTAVECWKTRVE--VPTKVIHDQLCGSDASSKAN 2304
Query 10004 2198 GLATPTGVPKD EVLANRLLNFLMKHVFHPKRAVFRHNLEITIKTLVECWKDCLS--IPYRLIFEKFSGKDPNSKDN 2270
Query 10005 2207 SVATPKGNMKD EILANRLLEFLMKNSFHEKTAVFRHNLEITIKTVVECWKDCLS--VPYSLIFSRFSSTDPNSKDN 2279
Query 10006 2175 TTSIPQODTAEE RAMSSRLVQFLMANIYHKNKQIYRNNLEMLKTVLECWHDRIE--IPYKITYNQLKSEENKS--— 2244
Query 10007 2195 SVAVPQDTAMD RAMASRLVEFVVRNVNHDTRQIFRRNLELLKTLVECWKGRFD--MPTKIIYDNFSDRDPKSKTN 2267
Query 10008 2123 A-HLKEDEAIP KDSLNDLLKFCVKHCWSKSGKVFKRNLRITETMLVLWKSFVT--LDPSLILEKICFPLGNENEN 2194

Query 10009 2271 N--IYQDQKLD[6]KSNISKFINFLIQNSYCADRQILRNNLNILKLFVERWKGLFS--VEKKSIVEALATPVTNFKSK[5] 2352
Query 10010 2245 SFITLESYQDK VL-IYELMEFLMKNSYNESRIVIRNNILIIKAIFEIWSELIV--VPTHVIHELFSDSVGNVDKV[1] 2317

Query 10011 2191 VASAPDGR--- —-LATNFVHHLISVADHGSNQVLRANIDIIRLFLENWKGSIS--LERGQLLQYLISGGRNPDMN[8] 2266
Query 10012 2153 RKTTSLPAKSD HHLVSQLLYLLISKVHHDRRDVFKHNLELIRTVVELWKPNFD--IPVQLLYDMIMKHDRKDPTV[1] 2226
Query 10013 2194 DTAVPQDDSE- KRLARQLVQFLMENARHETTAVFKNNVNIIRLLLERWKDAVQdkVPFKVIVDNMSSROMASKDN 2267
Query 10014 2179 SIQKPDOSEA- ~KLINRLFTLLIKRCYHENRAVLKNNIELIKTMTECWRDMIQ--VPVELINNFLTSNDHRKLST 2249
Query 10015 2170 SKAVPQDTVMG RNIVGRVLRYLCMNTPQTRADIFKYNLDVVRSVVECWKSLLT--VPYTVIYSLMEVKDGAEREV 2242
Query 10016 2168 SIAIPEDSSIG RHAASGLLEFLMSKCFHIRKDVFRNNLEMIKTVVQCWKERLD--IPTYITFESMRNLDTKVKDN 2240
Query 10017 2225 STAIIED---- RFLGSQLLEYIMLRSNHKNRSILRNNLEIVRTMVELWKDKID--IPTRVLYDQFSNSDKSTVSN 2293
Query 10018 2189 DVAIPKDVDEIL LO-ANRLMEFLMRNAFYPNRSVLRNNIEITKTAVELWKNHIE--IPYRITIYKNFSNPDKDKKDN 2260
Query 10019 2233 TTAIPEDSHND RHLASRLLGFLMSRTRHRHRSLFRNNLEIVKSVVEIWKSILH--VPAEVIFNSFSDPDPVKKDN 2305
Query 10020 2111 DVVV---SSLD TT-TSRFVNTLVKLCPDRNNLVRDSNVLLVTELIALWKDATY--INVRELITFMMSGDEDTKIK[5] 2184
Query 10021 2303 GTAIPEDDLGD RDLVERLLDKLTGLCYDKERRIFKNNWRLLDALIRSWRSRVHC-VPYKRIFDLLQQTEEYTAAA 2376

Query 10022 2177 YIPEDNTKNRL LC--TNVVNTLIKYSADKTKMIFNTNIEITAGLLHRWKKLVA--INKDVISMMIGMDDKKPESN[3] 2250
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SVGIQLLGIVMANDLPPYDPQ--C---GIQSS
SVGIQLLGIVLANNLSPYVPK--C---EIGYE
-VGIQLLGVVITCKFPPYGPD--C---PVDRH
TAGVOMVGVFLANKLPAYSYT--S---EVDRE
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LVGLQLLGAIVGSGIPIYDPS--CdfsTSEEH
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LSGLHLLSLILANDMMPSESD--VeeaGLSMR
—--GIQLFGVVLSNGIENYEYP--M---DISRL
EAGLOLLGIILANGLPPYTVD--S---ETEKK
IVGIQLFGIVVSNGLDPYQNT--S—---RIDKI
LSGIQLVGIAVANELNPYDTN--Ta-gSLDQG
STGIQCLGLVVANGLSPYRYD--V---EVDEM
AVGIQLLGVVVANGLFPVTSD--S---TIDED
-VALQIVSAMLVAGLKSELQAevAng-TIEDG
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REYQYLAMNMN-QPDKQVYSASAEIVGMALSSLONTESDKEwWCR
RFYAALSYNLK-NRYKMVHAAAAEVIGMAMKQKADVDKVTD--G
QFFSAVAKNLQ1TRYKDVYAAAAEVIGMIMKYMADVEKVTE--G
EYFQALVNNMSfVRYKEVYAAAAEVLGLILRYVMERKNILE--E
RYFQRLVYNIS1TRYKEVYAAAAEVLGLVLHYFAENEKQVD--G
KFFTTVAFLMC-DKSKPVYTATGEVVGMILKYLEVKEQETE--G
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—ICEALLNNLN-VKTKEVYEAAAELVGITMIYRKESRQVNE---
QFLRALLRNID-TEKRSIFQSSAEVAGMALELLAANGSGML-eG
SFFQILVANLM-FKSRSVYRTAAFVTGMLLSHFKSKGRGRL-1D
DFFKSLINCIK-EPSKLIHAPAAEVVGMLLKR-FDSHDKEY-——
RCESLVIRLLG-AHYASVYGAAAEVMGLILKYTSQKDGSVE-aL
SYLKTLTVNLK-NKYKEIYESASEVCGMSMKYYFDKDDDVY---
LYYKIFVNNLTf-KYKLIYAAAAEVLGMIMKRMAESYDPFL--D
L---ALAENLQf-KYKEVYEAVAEVLGMIMKHLASVKKETE--G
RFYGTLVNNLTf-KYKDVHAAAAEVIGLLMMQLAKVKKIFD--G
————— ILLCMT-TKVTSLYTLAAEVGGLYLLTMDQATSKCF -~
QILAALVRLLN-HSRKEVYSPCAGVTGLCLROMVTAQSVVP-——

MTGIQILALAVSFDILVIEKPenIggtNVNQR[ 14 JKLMNSLLKILE-SKKKQIIQAASETLGKIL-~--—- NKQPS—---
AYGDNIQKMLLGIHGNK P----DQFLTCVHC---IQKHFSAF-VE-RFIHKVLFMLPGLYGVF-RTYALEIIAAGIE
FLHSIVTSELTKISEIK P--—-DVFVTCIHK---LHFHYPEF-AD-HF TNKLLFMLPSLHGQP-KTLCLEVVASRVS

SFHTQVERYLLPLQVNQ Q----DVFLTCVHK---IHLHFPPF-AD-RFVSKLLFMLPKLHGIF-RTHCLEVIRGRVN

SLCELVAKQLKQHQNTM
LVHDLIAKELKQLQQSK
EFHTYIINNISSLQLSK
EYVNHLHSVLSSLQQSN P-——-DTYMLCVYK---MHLHHKPI-AE-RFMNKLLFMLPRLHGEY-KRHCLEVISSRVQ
~LLKNMKAVMSRMTGTM L--GRSKCLFCLHE---ILPNYPEF-AL-QFCNDLLDWFPSLHGDL-KTACLEGFFAVSK
~FEKLLKDKISSFLSQS ---DYQRALNCLYF---IGLHHPSF--I1QFQLKLLNILPQLSNEI-RLVAFNVIYWIAD

-LSSLLNPMLQKISGMY[5 ]NeSDMKNFLTVIHH---ISMHDVDV--AVRFLKYVFGILPRLLN--nKILALEIISFCAG
---EILEAKLHKILKQL[ 1 ]ReAEYERFLNILNK---ITIRHPGF-LE-GYAEMVVDQLSRLFGAY-KVNALDTLLRFPK
DDAEFLSGIVDKLNLTK D-QSKDKFLTCLFA---VQEYYPRI-VD-AFMNHVLFHLPKTYGIF-RTMCLKIVYSRLE
ELMNEVVARLDQLKKDD DaTSKERLITCLHElcnVNTGHPPV-VD-HFVQRLLFLAPSLPGQF-KTMALETLLWRAE
—--FENTVSHLFEILREA D-T--SLFITSIHK---IQLNYAA--ISeRFMTKLVFFLPQLYGDF-KKMCAESILSSIR
EDA-———- VVKRVTELT V-KMOGQGLTCIYN---IHKHYPSF-VK-RLINKLLNLLPKLYGIH-RKNVLECLIAHSA
—-SEFCKIVKTEISSLN A-K--DQYLTCLYK---INTHFPIF-IDsSSFLNKILYMLPNVHGIF-RKQILEIINSHVE
RLEEMVGEQLFKLSQPL E-KSEDKFITCLHK---ITLCYNKI-VP-RFVEKLLFLLPSLQGVF-RSSCLEILDTQAD
PIFDYVTQHLSSMVSAG R-MDVARFILCLYR---VQLHYPII-AD-RFVNKVLFLMPSLYGEF-KTKCLEIILARAD
PLEHDMVGOKLLSLVNRA K-PELDKFITCVHK---LKLNYPPI-VD-RFVNQILFTLPSVHGDF-KSYCLEILCSRVE
—————— LCNLKKLIADS[1]TsEEIGYFLAILRN---VSIHQATI-VDS-~------IMLORLSSVLsKAVSVDAWALLAA
AFYKQVAEQLGKMLTAR ———-PDAGLHALAQ---VSRCCPRL-ACiEFROQRLLFQLPHLTGDS-LADCLVCLAAAAT
----LVAQSIHPLMNNE[ 1 ]-tERHDVFVHSIEK---ITREYPEL1IDrKIFMKLLSFVKTLTGSM-RASILKSFERFIN

NI EGAFVEIKNKNIIG-I LRE RDELSOLMSLKIIRRLLEKL-EASQL L-YLLP-A--IC EISD
HI PNIFLEMKSKGIVE-L LTH RDEGTQLVSLKLVNAMLPNL-KPDETI L-YLLP-P--VR TVFN
VI DNLFLELKTRNFLG-M LTH RDDGLOAIVLQIVYALLQKL-KVEEL L-YLLP-S--VA AFAS
GM TELYFQLKSKDEFVQ-V MRH RDDERQKVCLDIIYKMMPKL-KPVEL R-ELLN-P--VV EFVS
TI IDIFQELKNKNEVQ-TI MSY SDEERQRICLDIVYKIIAKL-KAEEV K-VFLV-P--VI AFIS
oI DNVFMELKTKGLLS-F LTQ RNEKTQLVALNIITSIREKL-KSKEM S-SLMD-S--IT AFSH
NM ENAFIELKNKGLLT-M LTH RDDSTQOAVCLKIVNELLRRL-QPDEV L-YFLP-A--VT AFSS
YK GDFFEELKSRGFLK-V FSL RYERDOMLGMYIVKNLHANL-TVENTI S-DLVS-S--FS SVIG
DI PELFIKLKSANLDS-L IRI REEQTOIIILKILFKLIKNNyTTDQT LI1QIIN---1LL[2]RFNQ
HD PDLFTNLORDRLLG-F LKH RDENEQLLALRILAGILQEI----EV[ 4]--YYLD---gLI[1]SFQD

AD[1]-NLFNQI-SRSLPK-L
IL[1]DDTYAEMKSKNLFK-T

DI PDLFRELOGKGLLS-L
VL ODPLFKSKN--FID-M
™ EDIYLHLKEQNLLD-I
NI ENAFAELKNQGLLN-M
AY¢] POFYLKLKDKGFHT-M
HI KELYTELRNKGLKD-M
HI PNLFTELKGRGLKE-M
DT --VYNACGNDGVVKAI

LAH RDEIAQLKILQLLSQLLKNV-NQDTI
LSD RDPDQONLALSIVHKMVPHL-KPEQL
IKH HHTETQAVVLSILKVLLHHL-NASST
LTH RDTPIQLICLKMIHETLDKQO-TDEDL
LAK KEASTOLVALQLVNAVMPRL-TPSQL
LEH RDESIQFSSLNIIQKLLKEL-DIDKM
ISH RDEATQTASLSIVQKLLVQL-TNDQL
LLH RDESKQQVSLDLVRAMLKNL-DISQTI
LSO RDDGIQIGVLRIIKHLMKKL-TIPEL
FTH[11]RHSGVQISTLRAITRLLDHL-TMSEL

RtRVLP-V--LC[1]NFNG
E-ELVH-E--IC  KFET
K-QFLPSV--TA  NCCS
D-RLMP-H--LE  KFIH
L-YFMP-G--VV  AFAS
L-NVFP-I--IS  KVHK
S-EIVPiL--IA  SFSK
L-YLAE-L--VA  TFKT
K-FIFP-L--LT  SFVS
Nr-LVA-S—-TS[9]-YQG

AA[9]PNAAVELKERGFFDSL[5]LSS[ 7]AESRVPQNSLALCERLLLLLGQOQERL[11]RVWLLAaVgeMC[9]SVAA
VC[9]NEIAMSLLADSEEI -

LAD[ 1]SDENQOSFLILITQIAKLNLATGDKL

MQRVLP-R—-LK[ 2] -FQH

2335
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2375
2339
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2311
2335
2263
2420
2389
2335
2292
2339
2313
2311
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2363
2325
2373
2249
2447
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2442
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2416
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2331
2487
2463
2404
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2413
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2376
2374
2433
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2443
2310
2515
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2509
2499
2463
2473
2435
2459
2388
2548
2521
2462
2420
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2434
2433
2431
2491
2452
2500
2385
2619
2468
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Supplementary Figure 5: COBALT analysis DNA-PKcs from representative examples from all major phyla (short list)
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2460
2510
2500
2464
2474
2436
2460
2389
2549
2522
2463
2421
2472
2435
2434
2432
2492
2453
2501
2386
2620
2469

2534
2586
2575
2540
2550
2509
2533
2464
2617
2590
2527
2491
2555
2510
2506
2505
2569
2528
2578
2453
2682
2534

2607
2660
2648
2611
2622
2581
2606
2538
2690
2664
2600
2564
2628
2583
2579
2617
2643
2601
2650
2526
2771
2609

LSSVLCRREMYQILMWCYDNYKDEA QOSESR--DEIITLTKDVLLRGLSDDDLTNRLTVQNFWSHETR-LPGETVERL
LPSPACREVMYDILMWIYDNFRDEE SRTEDGADDILCMAKDTLLQGLSDEEASHRLRVSNFWSHETR-LPTGTLERL
HPAPECRRTMYDIMMWIYDNYREEA SQQES-AGRVLGTAKDCLLQGLSDEESYLRLLVONFWSHETR-LPTGTLERL
HPSTTCREQMYNILMWIHDNYRDPE SETDNDSQEIFKLAKDVLIQGLIDENPGLOLIIRNFWSHETR-LPSNTLDRL
HPSPVCRERMYDILMWIYDNYRDAE SQOSDPDSKAVEFVTTKDTLLQGLTDDNPALQOLYVRNFWGHENR-LPTGTHDRL
HPSTLCRKVMFELLMWIYDNYREDE CTEGH---EIMLKTKECLLKGLGDEDMMCRLLVQNEFWSSDTR-LPTGTLDRM
SPSMPCRGLMYDILMWIYDNYRDEN NATVH---QIMSRTKDALLNGMSDKDLGLRLRVMNFWSHESR-LPAGTLERM
NFSPSCRRAFAEMCCSLYTKLSSLN —~DSSENSKAALATTKMHLLTMLSDSNKSIRQLVYNFWCDASR-LEISTSARL

SPNETCRLLYYDIFMWIHDYLEKDV[3]---—-=——=-— NQIRLTLLIGLSDDSEAVKRKLLEFWDTSKE-LSLSTVQRL
HPNNDCRRTYYTILVKMYNKINGTV - ~EIKHKLKINLLRGLIDTDESIQQALIEFWHAQEE-LSHNTFTKL
HENVDCRREFYEILIYLFKNKGMDK[5]---=-=—--——--=— OSLLMGLCDSSDIVRASLONFWHLQLS---QDVRHRF
ORSVKCRSVMYEILKWIYDHCQ--- —---DIGGVLIEEAKGILLKGLRDDDPHLODSIFEYWNSDAQQRDASTSDRL

HDDYTVRAIAYDILMAVYDQKLSHE[ 7 ]DDETAALTEIAQLARTHLLLGLQDSSPKLRQSIVAYWDQEKR-LARNPVQRF
HPHLSCRYQFVLILISLYEIYQFKV -NQIGSTSQILNFSKENLLKALIDEDTSIRVMAQNFWTEKAD-MPSNTIDRM

HPAPSCRETMYDVLFWVYDNEFSNND —--TEDGHQLESQARGVLLRAVKEEDAALRQIVLNFWLQGA--RSMTLTQCL
SAETICRKVMYEIMMHAYEKFNTK- ~NGI-KEKEISRYAKEMLLHGLADSDLTLRLTVHNFWSQNNH-LPAETFSRI
HGSIQCRIVLYNILMRVYNKLCTDD[ 1]SESDDSVKMIRSISRDQLLLGLGDESNEVKLKMYEYWNQESN-LSSNTLDRL
NPSAACRQKMYGIFMWIYDTFRQE- IDKNDETKQLINFCKDQLLQGLNDSSEENRLQLINFWSNNNR-LPSGTLERL
HPNLLCRDLMYDIFIWIYDSYRADE[ 1 ]FQAEEGSADILADAKDHLLQGLADDHRDLOLKLRNFWSDEAR-LPGTTLERL
HALSVCRGLLFSIAKNLYHKDISDP[3]--=-=—==———= KVRISLLHGLCDPDEILRNEAYNEFWSNFAS-IKKSCFDRL
LTLPQARRQAYQILATWYPTHPNLC[2 | --——=———=——————— ALLAGLTDSAESNRAWLLEFWSRNSG-LPSEASARW
NKNDYSRGLFYDLMVYLYDQFENFK[1l]----—=———=—— LVKSALIRGLSDKTKVVRNKLISFWSDSSR-LGLDPNQRL

VAMLEAMYTPSTELHY LSYATNLLLEMTTKSSDEFNRVLFDTPLSECKFQDF--AVSSTWYQRHAAM-TPMFLDTQS
VAMLECMYSPGTEHQY LSYASSLLLEMTSKSPDYKREIFEHPLSECRFQDV--TIDHSWKQRHLAISTPMFVETQS
VAMLECMHSPRTEPQY LSYCTNLLLEMTSRSPDFSREIFQHPLSECRFQDV--QIDHSWKQRHVAM-TPMFVETQS
LA-LNSLYSPKIEVHF LSLATNFLLEMTSMSPDYPNPMFEHPLSECEFQEY--TIDSDWRFRSTVL-TPMFVETQ-
MAILRSMYSNKIETQY LSIATNLLLEMTSRSPDYTREMFEYPLSECKFQDY--NIDSSWQQRSTIL-TPMFVETQ-
VAMLEAMYSPSTEQQY LSYATNLLLEMTTKSPDYQREIFEHPLSECRFQEF--SVKSSWKQRHAAM-TPLFAAT-I
VAMLEAMYSPSVESSY LSYATNFILEMTSKSPDYNREIFEHPLDDCPFEDF--VVRSSWKQRHAAM-TPLFAETQF
LNCLSQLYTCATESTF LSHASYVMLELTCHSPDYTRLIYDHPLEDCTFENL--PISTHWQSRYASLeVPAYMQTDM
MQLFEKMYTKETESQW LGYCCSLLLOLCTRSSDFTKLLFDKPLSECTFREY--NLDASWQNRTSNM-NPLFSSSQL
KELIGNLYSTESENLE LNYACYLLLEGSKKSIEYNKPIFDQQLPQSRFDENydDIDTSWRVNNTMT--PLFINTQT
LELVNRIYDPCLEENW[ 1]-QISNVLILKLCEDSVDYKRPIFSAPLSECVFQDY--TINTSWVGASLPM-TPLFSSSQM
LFILTDLYCPATEHIF LGYSTQYLLEATAGTPDYNQKIFKEPLQKCQFEDF--RMLLSWRAQNATV-APMFADTLA
YDGLTSLYVPEAEEAY LQFVTNVMLOLTKHSPDYDRELFARPLSSSTWRNY--RVDASWRQRNAHM-TPLFAATQQ
LLIVEKLYSPKTEREF LSYSTNLLLEKTSKSPDYNRLIYENPLSECIFREY--NLSADWRRRHEIM-TPLFAETVT
LHILRKMYSPESEDSF LOMAIYVLLEATRHSADYQRNIFDQPLTECKFREM--KVSTAWRARHASM-IPMFAETQA
KAVLQKMYSPEIEHMF [ 39 |LQYSTFLLMEMTSKSPDYNLKIFONPLSTCAFQNY--AISSSWKKRHATL-TPWFVDSLS
TQLLVTLYSKKTETQF LYHATNLLLELTSRSPDYNRVLFDTPLSECRFEDYk-EIDLSWQQRHLQM-TPLFAATQL
SSVLYALYSPNAESEF LSYSTNLILELTSRSPDYKLSIFDHPLSECKFHDY--NVNYSWQYRHAMM-TPLFAATQL
VEVLRALYSTTTEIQY LSYTTNLILHLTSLSPDYERLMFEQPLSECRFEEY--QIDYSWQKRHLAM-TPLFAATQ-
LSIFGSLHSSELDENW ILYATNILLGLSKECNEFKQPLFKISLGGGEYTTT--QIDASWEAKAQSM-APLFSVEAD
FALLSRCHGNNTADED[ 16 ] -AFCSAVQLDACSSTPDFRRPMFDRPLADCPFREC--RIDADWRRRHGGLMTPLFLETQQ
LQIMNDLYTQEEENIW LNNSVFLLMQICSQSSDFNRKIFDAPLQDCKFQPLeiNQFGHQLNRSQPL-TPLLSQMDQ

SQ-m————- SNDSPDAGLST--G---Q LRATQ-DAAQFTQ---TQA[ 3 ] SKGPYNWLTQSS LDT---FSDSQN
SQ-ASSGSQSQSPPDSSLSR--G---E IRATQ-DAHQFIA---TQQ[ 6 ]RKNAYNWLTGSQ -DT---FAD-YS
SHPASSQSQAQSLSQGGODTLGG---Q LRATQ-DVLQFTA---TQ-[ 4 ]PKNAYNWLTQSS LDT---FAD-YS
ASQGTLQTRTQEGSLSARWPVAG---0Q IRATQ-QQHDFTL---TQT[ 2 ]GRSSFDWLTGSS TDP---LVDHTS
ATQONSSRSQSQEGSLTAQGTIGG---L VRGTQ-THYEFTP---TQN[ 2 ]ARN-FNWLTGNS LDT---FAEYSL

ST--VSESME————— GVEDSLDG---G VRATQ-DVQ-FTA-—-TQD[ 2] SNAPFNWLTGSS  LDT---YGD-YG
SL--ADGTQS————— GSFDDSFV---G VRATQ-EIQQFTP-—-TQG[1]VKAPYNWLTQSS  LDT---FAE-Y-
HSEVSKFISRKRKMPYGRRTYSTE—-—-— -—STA--WPGFTP---TAI[2 ]LKKNVGNISADT[4 | LDE—————————
DEE————————mm SSQLPTFDGDNfG[ 1]-RATQ--LPMFSL-

SKQ——mmmmmmmmmm KGNLKrQ[ 3]VRATN-EDLAFSL-—-TLG[1]---————=— GNA[1]-————— LGSQVA
SMDIQGMHGEDR-———— DGEFDGAthH[ 4]IRATM————-— TP-S1SQA[1]-——————— TQTQ[1]-———mmmmm G
SQLIQTQSL—————— SGTGEHTGAgpPL LRATQ-ASLAFQP——-TIE  Q-—————o SGSS  IGSl--—————n
SQ-————-— ASAGEGEGEDEDFSG---— VRATQ-ASLAFTP——-TMA[1]-——-——— LTGTA[ 4 ] TFEpggISGQTL
L F—-—-TESVDLR-hN LRATQ-QTLQFQP- -—KVYDWLTQSS  IDT---FTD---
SNDTSLNSLLSYTQGSDTNMETDGpaG VQATQ-ANV-FSA- PGATYNWVTDST  FDTtlaDMEYEA
SA——mmmm ASFSDTSVKNID-eQ IRSTV-DVREFDP---TQD[ 2 | SKKAFNWLTQTS  IDT-—--LGD-—-
[ F TQSDTGSIGTG--M LRATVQQSLAFTP---TQG  QESSYNWMTPSA[2]VDYsSv----PSF
GSQGS-———— MA-SFSLSGSSSTDehL LRATQSTNLQFTP-—-TQD  -TDARNWLDPSS[4]IQSyaaFLQQSL
GSHGSGMTPTQE-SMSVDGSPG————— LRATQ--NLQFTP---TQD[ 2 JRSTAFDWLNPTQ[ 3 ] LQP————— SQSF
9 1 [ 2]LOSTQ-————- QPSCINNT[1]-————== LSESD[1]——mmmmm—mmmm e
QQ0QQKASDVEPGTLRQLODGDGAtAA[ 11 ] LRATAVGPGMFEA———TQL [ 1]————————— PSA[1]--TaglLAD-—-

IFQ-ASQMQAKDQQLGVIKEVONEnpD[ 9]IDTTV---SNSNR---NQR[6]SQIGSQSVVEIS[4]QDGnfvRATQVP
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2539
2549
2508
2532
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2526
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2509
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2568
2527
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2681
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2606
2659
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2563
2627
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2616
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2600
2649
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Supplementary Figure 5: COBALT analysis DNA-PKcs from representative examples from all major phyla (short list)
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2625
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2668
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2551
2837
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2721
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2747
2693
2670
2737
2659
2706
2724
2756
2731
2776
2618
2899
2768
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LTLATQ S-ESSLMFTVGS SRIKSSKKTP —-GSEFGQRKVRSDVr———————— VSAMDEANKEIMRLKRRFI
TSSASD —--QSSLLFTLGA SKKMGRGRQG[ 4 ]ATDAGFGKEKLQSDQOprgRDEVD--AKQSGEDKKINRLKRRFL
VPLGTE T-QSSLLFTTDA SKKVAKARR-[ 2 ] PVGPGFGSDRLSA----gRDQTDGRAAEDSQQSEIMRLKRRFL
PS—==- —--SDSLLFAHKR SERLQRAPLK SVGPDFGKKRLGLP---gDEVDNKVKGAAG-RTDLLRLRRRFM

PSLASE PgSSSLLVFSRW SERLHRPAKK PVGPDFGKKRLALP---gDEVDSKTKGIVDQRADILRLRRRFL
SMSSSE T-PSSLLFSVGT SGSQST--NK[ 3 ]JKAGFGLRRQTIVKQ---1GHAPKS-EGMLNKSDTVWKLRRRFQ
STQSME T-QSSLLFNVGT ANENQTPKKK[ 3 ] KTGPEFGKGRLKME---gTDFTDS-REDDSEKEEIQNLKRRFL

----SD S-SDNLTVILDK ILODIKKPKS - —==—=——-— SRVKKVD-—=———mmmmm——— DLDGDLQFLKNRIL
ELSSSQ[4]SaTTSTTFSVGS[3]----SSQSGK[1]- GNKRTVNNK--pEDKAGTFKVPANIDPRVMEMRNRFK
GYSLTQ ---SNLLFSQSF[2]--SLPRSDQG - —-GTQKSVRSS——===————————————— EYQRFGRRSF
TLSSTQ[1]-VvNGSVLYGLSQ[ 3 ]----GAGYIK ———-KTGLEEASWMD-—=—=————————————— PALHLRRRIL
---PSF S1SSSLLFTTGS SFENQRKSYK -MGPGFGSSKLQPI-————--— PEVSDEVDSRSDRLAPNLHRRFL
THTQYT AaQQVLLF---- —---ERRRNR[ 4 ] SVDPSLATPQRAAER-————————=—— QAREAREIQRLRRRFV
-TALID T=-KSSLLF====  ——ccecceccece=  —cccee-e- KTESKNKD-——-—-— SDEKEVLKL-——————- RRRFI

THAPTQ GsTSGLIFNVGA SGQKDRRRFK -R-PGIGNSRMRPAD- EPDGNDAADTMQSKL---IRRRFV
-WGSSS T-SSSLLFTIGS DTKKIPNIDE ———-——--NNRNSNQD- —-TSKNKIEKLSSSNTFHLRRRFL
TVGATP TsDSSLLFTRPT MRPPLKNPLR  —-—=-- ISAERLGKVG-—--- ESEGGETKEEKRKQVLQLKKRAL
SSTSSE T-SSTLLFLSSK SPRQRPLQMK PLSKDFGQQKLSSE--taSQPQSQSVSQPSSS—--LNHLRRRYI
AMASTQ T-QSLLLFSTSQ SHKRRKM-LK PVPGDFGSQKLSQA--ssSRISSHQSQDPNEKKEILKLKRRFL
—--SLRD TmQSQLIFSPQA SVRLKSSYRQ[ 1] IVDPTFDLRQNRFST---RRNFADSSAVEDKSINDKKLSKRFY
----SQ[2]SVSTSLLFRSSG[2]-—--—- GGGA[ 4 ]SAAGGLAGYHTALGS——--—-— DANPQMAGQAAQLHRLRRRMF
VFTQTQ[ 5 ]LiASNFYGNNRS[ 4 ]TDSISASFYE[ 1]---NKFNKKRPNQGQ-vVNLRIGAQSSQDKVADDDDGFIAPVA

H--DQESTAR-FFM KRNVRMKKMREDIQREQKMKREHQVTMYRQYRTGDFPDIQIKYSFLIAPLQALAQRDSTIAK
K--DHSSSQA-YFA RREMKRKQLKEKILEEQRERKFSTVTMYRRYRTGDLPDIQIKYSDLIAPLQALAQRDASLAR
K--DQDVTKA-YHA RROQIRMOKMREERVKEQRAKRGNLVTLYRQYRVGDLPDIQIKYSYITAPLQALAQRDSMLAR
R--DQEKLSL-MYA RKGVAEQKREKEIKSELKMKQDAQVVLYRSYRHGDLPDIQIKHSSLITPLQAVAQRDPIIAK
K--DREKVSL-IFA KRGIREQRAEQKIKTEKRMERDAKVTLYRSYRFGDLPDIQIKYSSLIAPLQALAQKDHSLAK
K--DKDDR-L-FFM KKNVRLRKREEERLMEQKSRRENQVTMYRKYRTGDLPDIQIKHSYITAPLQALAHRDSTIAK
K--DQRARST-YFA KKNIRLOAMRQEALKEQKLRREAQVTMYRKYRTGDLPDIQIKYSYVIAPLQALAQRDNTLAK

K--DTEEKAF--FV NLNRKRQKVIERLKQQ-——-———-— SLDLRGKYRRGDFPDIQIPYSAVIITLQAVAELDRVFAG
KkdNRTDGER--NA[ 3 ]RLAVKKSKDRDELMSRAKQARENQVTMFRKYRSGELPDIQIKLQEILRPLQSLCQMDHHVGT
Kp=———————— YS[ 4]KQMMATQRKQDEIYRTSQHAFPKNISMLRQYRVGELPDIGINHGDLINPLQTLAQRDLDISR
NprATQSQVL----[ 4]----RASRRREARLKLQSLERANKVHMMRQYRTGELPDIEIKHADIVGPLAALAERDPTFAR

RrdDQKR--I-FHA SREIQRSARQQELEQERGRRLEANIASFREYRSGDFPDIEISYSAITKPMQELAKRDAAVAR
KskDKRAQAAiFHA KRMAARKQEARRLIELRRKARAAQVTLFRSYRTGELPDIQIKQRELLQPLQGLAQRDPQLAR
K--DKAESQSKFFA RKQIAKKNRDEDLRKQLKAKRENHVEKYRNYRIGDFPDIQIKHSELIAPMOALAQRDSQIAM
KngDREKQSI-YFA KIEERRSKLREKLEKERKFRREAQVTMYRQYRVGELPDVQIPHRALIGPLQALSQRDEKVAR
K--DREKSRLhFI- RMEMRKQOLRQEREKEQKKQREGQVTIYRQYRIGDLPDIEINYSSIIVPLQALAQHDDEICR
K--DKEMVSS-FFA MNEARKKMRREELKKQRRAARQSYVVMYRKYRMGELPDIQIKHSELIRPLOALAQNDSGLAR
K--SEMANNA-FYA KRERRKKQLREEILKQQKIARENKVVMYRKYRDGELPDIQIKHSELIAPFQALAQV--CYLD
K--DQSQISA-FFA KQALKRNKFREQALQRQKAAREGAIVMYRKYRSGDLPDIQIKYSELIAPLQALAQCDNTFAK
Q--DKYAMLK-=== = ————————— KHDLAKMTRERHQEHVRIKRAYRAGEFPDIQITQQODIVDPIMALCEVSVETSS
LggQQQQQAA---S[ 28 ]QAGVERHRRQAREAAEAAAKREHRVTLRRRYRVGDLPDVOMEQGALVTTLAGLAQKDRMFGR
KrkGKADLAK-FFA[ 31 ]JKQEEIRKMOREQYLQRQIQRQKHQVGLYRRYRVGELPDIQISYEDVLKPLQAITKSDLTIAT

LLFVAVFQAIFTQIESEKTER--ESQSLVAKIESSLNKILETSTQY F---SPFIGCVLEIAYLFPKQOL KL
LLFSSLFRGIFSEIEEVKTER--EAESTKVEINRHLNTMLSTSTQY F---PPFISCVQEISYYHSEQL TL
LLFSSLFRGIFEEIENVKTER--EAEDLTEQISRFLNTALSNSEKY F---PPFISSLQEICYREPRKL SP
QLFSSLFSGILKEMDKFKTLS--EKNNITQKLLOQDFNRFLNTTFSF F---PPFVSCIQDISCQHAALL SL
QLFSALFSGILEEVHKSKT-A--ETKDISKQLVENFNYLLKATTLN F---PPFVACIQDMSCQHKDLL GL
LLFSSLFKAIYKKMDEVKTER--EMEETIELINTSVETMFNTTSQY Y---PPFLSCIMDIVYVLRSRL KI
MLFSALFRAIFSELDQVKTER--ETTEMMAQISRSLNAMLDSSTQY F---SPFIGCVENIVYNNSGRL KL
ALFESLMCGVAANVIEIYNFEm--TEKYFDSISDGLRDIFRSMVTF H---RPLVSCLMNFLYNFIEYV HF

SVFSLLFTTIYQHCPRDQVNKf--——-- KSSCKQSIEKIIDSNATN -—--SALILSLLKIVEKNLELT[1]--
TLFTSLFVSIYNQLDNNIQSE--EIKEYKKTIGRHIQDIFSNSTMN F---PPFIGSCLRICYEVNDIE -I
LLLRILCSAVYSLPSGGQDIKa--—=—=—- EVRLGLEAALRQTHNG[ 1]----- SFVGCAEALCLEDPEIW -I
HLFVLLFDGLLGEL----- YD--EKEVYTQKVQKAMGSIVSTTKDY T---TMVMGAVMEIALCHSRYI TL

MVFESLFYGVLHELPDILSER--DAANMKAEYNKAVNGLLQATRKG Y---TPFIAALHNLMRASDPAT -V
VLFESIFVSILSEISYLKDEQ--DSYKILKELTQYLNAMLASSESF N---SNFIACILEICIKNPKLL KL
LLFEVLAQGVINSAGTAMHHR--EEQEWNQELHEALNGILSSSYMC C---POMLRTVLHLMINND--V RT
MLFQSL---ILSVCCYMKSNQVtEYSEFCRSLSSALNEILKKSVHY H---PQLVAFCYECLNCDVKEM DI
LLFCSLFNSIFSQLDHLLTEE--DAAATKGVIEGNINTILDCSTQY Y---PPFIGSLODICYYENS-L KI

QNYRYVNLSV-NDLVENFNDE--DAAETKAEIKASLSNIVKKSKHY F---PPLIACVQODICYQQKEL- SI
QLFSALFRGIFSKIDEKLPER--EAASVTSDLRSAMNHMLSSSTQF F---PPFISSIQDICFHECKLR sV
LLFDELFSSIVA-————- TNEf-EKSGIVDELTEKIEGTLTLSKAS SV----YVGCIVSAYVASMIRH[8]-L
LLCAQLSQSMVDWAASALSED--DVADMCRRLAAAWLGVLIPTSPF[ 13 JAtndPALIGCALDSLCAVASSA[9]DV[7]
EVFVEIFSELYKSQNDQQQREl -——————-— LGQGVRNILNESILY Dygc---INCIHRVAMELLKTD[2]TI
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Supplementary Figure 5: COBALT analysis DNA-PKcs from representative examples from all major phyla (short list)
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2822
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2923
2993
2978
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2901
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2943
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QPGVVSTVCNMSDQOPLGILLLE EGLLHSP EDQS-P-ASKRSRRDRSSR--ITQDTEP WLELAKLYKS
VPSTISTASLTSQQMHIGIRLLE ENLIQKP WQEE-K-SAKRARFV-SRE--PSPEIST WIELARLYKA
DASVIQQTGVISLQOPIGIVLLE EQLVOKA GVEE-P-RSKRARTS-SSP--VSAETAT WIELARLYKS
DPAAVSAGCLASLQOPVGIRLLE EALLRLL P-AE-L-PAKRVRGKARLP--PD--VLR WVELAKLYRS
DSTSVRSTSLASLQOPMGILLLE KSLIHST TNEE-P-PTKKARGRQELP--PDTDVAR WIELATLYRS
SPSNLSTCAIVSSLOPLGIVVLE EQLIQTD STEQ-R-GNKRRKTE-GTT--VSTDVNL WIEMARLYKS
EPSAVDTASLISMQOPLGIVLLE EQLIRDG SIER-R-PAKRARTS-ATV--PSQETST WLELARLYKS
EPTDIANVAIGSGQPDCGIVLLE RRIEVGF VDISAV-TCQEKRLKQVNE-----TDRL WVELARLYKQ
SPASTIASASNASGNHPMGIIVIE[ 3]ESLLPTK[ 1]------- SSKQYAQNQATIs -—--[ 2]WDHLRELYHA

DPNMIRKACSLSSTESLGIILIE RQLLRTS[ 1]---ERE--SKRLRTTSSSLV ASSKR[ 1]WIELSHLYKS
SPKIMGSASRKSTNYHSGIMLLE KQIMNET[ 1]PEPEPNvVSSKRQKGKGGQAN---—--- RL[ 7]WLELAELYKA
QAEDITTVSRFSGLLALGCLSLE EILIOKD TVSEAG-SSKRSKTFEP-—--- STEEIL WLSLADLYKH
SPMTVSLTSAAGRSFHTGALLLE STLAAAE EEAAMQ-PSKRSKMRRARNg1TDDEIER WIYLGRLFKE

DPGLVTSACLNSFROSLGIILLE EYIINFE EDSDAP-LEKKVRLNPKDS--SSEASIL WIELAKLYRS
NPESLTAACLGSRLEALGILVLE ROALLSK RGEEPH-PARKKMRKDAEA--LSQDDSL WLSIAEMYKN
DYEQICTASQASHKOSLGILLLE DHLICYN NFKSSN-PAKRIKLNKPLI--SDELSI- WLKMAEIYKS
KPPSITTSSLASKQEFTGIMLLE KQLL-LN VDSS-K-SAKRSRTN---K--SNEVTET WIELARLYKS
QSSFASVASLASSQOPIGILLLE KQIMHLD TEEP-P-S-KRIKTSSA----SEA-TSN WIELSKLYKS
DSASVSTACLTSLQOPIGIMLLE KQLLEIE GKSQ-N-SRKRAKTSTVPP--SEV-TTC WIELSKLYRS
RPKTIGDAGLASGNHHVSQLALE ELLIYET QLMAGNm--KLKSNESLTEC-—=—=—=— WDLLHKLLST
DYGLVAAAASAAHLPTLGALALE[ 11 ]QQQOSRDE[ 11 ] TTEQLPtAAKRRRMEAGSQe-SNDDNSA[ 14 JWLALARLYRD
EANITIQRTGQHSMSFQTALALLE[ 11 ]EQFQOAM GKQGNKk--RKIQDNSGQN----QKNGT[ 14 ]JWFNLIDLYDQ

ISDYDVLRGIF---S-SQIGS-KPATRLAIEAE T-RGDYRSALQLYNES---LAKEE-WDDGEhPTEAEI NMWD
LGDFDAVQGVF---S-ACIGT-HEITKTALEAE A-RGDYSTALKLYNQA---F-EMD-WDEGA-VSQVEE DLWD
LGDFDVLQGIF---S-RKVGT-QTVTYEALEAE A-RGDFKKAVELYNQA---MQETE-WPDPQ-PLAVEE DLWD
IGEYDVLRGIF---T-SEIGT-KQITQSALLAE A-RSDYSEAAKQYDEA---LNKQOD-WVDGE-PTEAEK DFWE
LGDYDVLRGIF---S-EKIGT-KPLTHTALLAE A-KSDYAEAVRLYDQA---LNTEE-WMDGN-PMETEK DFWE
VENYDVLHGIF---S-GKIDT-KPITQEAMMAE S-KGDYQTANKLYDEA---LSIQD-WAGED-PLEAET DFWD
LGDFDVVRGIF---S-SKIGT-KKITQDALEAE S-RRDYKTASHLYREA---RQCDS-WTDGE-PDGLEQ ELWV
CGELENLKAVF---T-KHLLT-TEKTKLALEME A-AGDFEGAATIYGET---FSNKQ-SKSGDiVEKAES NLLY

LKEEDIVLGLLe----ROMGE-LPYTKRALEAE -1SNDWVAVLKAYDDGmaaLESGQ---LAItPSARET SLWE
IDGHDVYNSIYe--S--KIVV-SELTKDALNAE -1LGDYALACKHYLEA---LKSEA-—--—— dVDDIEV[1]-LWE
LGENDIVLGLFg--T--HVAK-HEKTRRALEIQ -1GGDLRQALDLYDQVia--IYEDgSLSGD-ITKSEL DIWY
MDEWDVVRGIF---H-KYLNC-GENVHKALKWE T-SGHWDKARMEYEAA---LSSMD---DQD-GLS--- DYYY

LGDYDTLHGIF---S-NQVLS-FEATQRAARLE A-AGRFDEAAEVYKEC---MFKEEJEEDDD-VPACEV DLWE
MNDYDSIKGIF---LvVKSDLV-CEHTERGIDFE A-VNDYYSARNEYGAA---LDSE---LLEN-VSQSEQ DLWL
LNMWDVVRGVV---Q-GKLGAiKEETQKALEAE A-TNNHVKAFLLYRQS---LDTTD--WEEE-PLAAEN RLWE
LSDYDSVHGIF---S-NSLNI-QEETKQALEFE S-RGEYLLAVKIYSKL---YDQTE-WSAEE-PNQAET DLWD
LEDYDVLHGIF---T-NLDDT-KDVTRKALEAE E-RGDYLTALNLYKKA---IDF-D-WPQGESPPQVEE DLWE
IGYYDVLRGIF---S-GHLGT-KDITQRALEAE S-RHDYAAAVKYYNQA---MDCSS-WPDGE-PQAEEE DLWE
VGDYDVLRGIF---T-GHIGT-KDITREAMEAE A-RGDYSQALKLYNEA---IGTDDVWIKEE-LRQEEE DLWD
LHKRDFLVALSlacS----- T-NADSKRALQEQ L-SGDLPLAIAAYKKAestLRLOMeLLDGDAFVIAKN[ 4 ]CRWQ
MGEPDQQLGALrrcRsRHNGQ--EGVDNNDDEE [ 7 ] C1LSGDVQLALATFDRL---FRQADeSGTESaSAAADS [ 5 ]NACQ
IGNDDALQGIWtf1A-DEEGI---IFKVKDDQE K1SQDOERTVNLIKEAhc-LRTKG--SIDKgLKVLEQ[ 1]-LND

SSRIECAEN--LTQWRDVETLSTSDL-E-G SS---LSAVWDSTYHQ---EVYLPPMLRSKIKLILN---GD-TSQDN
ESRLNCCNQ--LTQWKELONYSTVNI-D-D NSPHDLGKIWSDTFYQ ELYLPHMMRSMLKQLME---GG-EDE-T
DSRLQCYDH--LTQWKNLYEVSTVNI-D-E DSPPNLDKMWDDTYFQ---EHYLPFTIRSKLKLLLE---GE-MDQ-S
LASLDCYNH--LAEWKSLEYCSTASI-D-S ENPPDLNKIWSEPFYQ---ETYLPYMIRSKLKLLLQ---GE--ADQS
IAALECYNH--LTEWKALEYCSTVNI-D-D KTPADIENIWSDTFYQ---ETYLSYMIRSKVKLLQS---GE--VDQS
DSRMQCLDH--LTQWKDLETVCLTAI-D-N TELPNLDKVWEDTLYQ---EHYLPYIIRSKLKLLLL---GG--DQQS
DAYLLCVDQ--LMSWEELGTEAMDCI-E-G LEETGLNKIWEDAYYQ---EHYLPYILRSKVKLLLQ---GN-EDQQD
EARIRCLEM--LNDWKGLETWSTTFS--aS[1]-KTAKLNQIWETDYLI---NMHLPVFLRSKLKIALT---SDSAALEE

NGRLQCYES--LREWSNLKANFIAYY--pG[2]--—-—-- QSVFEEQDEAt-rHEMMSHFLOYSLKVKENW—=—=———— PD
ERRFDCFEK--LCQWDDLAETVLVDI---- --EDNLSNLWEDELQDi-~---YLQHFVHSFFKLSLSddnSE--YRQR
NORLACLAD--LNEWEVLMGEIEYESmMEgD NSEPDFKRLWEPTKQEi----YLGYFIRGAVKEAKYh--GL-----~
EALYKCLAH--LSDWKGLNNQVRRQV—---— --ENNLDQLWTDEWLQ---EKLLPQILLSEIQMMLD--kG---VDSK
ETLAECSLR--LCDWGELENNTLTCI-NpD[9 ]AEVIDANNIWVQPRLL---QRHLPHLITVRLELGISa----- VVCAC

ESLLKCCNE--LTDWKAM=-—=———— C-EwS
EWYSNCAAI--LGQWSELENFVEKRF1QdD ATALPALVHSKLMNILD--gSE--TDGN
NAILQCYDY--LTQWDLLOLSIINRL-DeN ENYLPFLIKSKLKLLI-—--- EnRNDQS
DSLLNAYSH--LTKWKDLEKASTCNI-G-E ETNSKLEQLWKDSYCQ---EHYLPFVLSSKLKLWCT---DD--SDHG
ISRLECLYN--LTQWDKLEYLSLVNV-D-N NDPPSFDKIWEDNYYQ---ENYLPLFLKSKAKVMCE---ND1AGSDD
VSRLQCLAD--LTKWKELEKCSVESI-D-D KNPPDLDKVWSDTFYQ---EHYLPHLITSKLKLQCQ---G--SGDMT

ENVFPYAFRSKLKLILQedeNEgKKHKD

--RLNCMET--LNSWHALNSEITEAA---N[1]----DTNYLWKQRPPY--1EQGVGHYLRSCLGLLEASpsND--LLES
LARLDCLTR--LADWSRLSGVSKKLLITPpA[8]----- ADRLWSRVGVQnvcKNALSSYMLSSTRLVCDkpeSAiGSDSE
KSLTDCLEDhiLCELENKQLDSKAEL1KwD[ 2 ] --AKDMSEKYHSKQLSeipFKHAEKMIRAQIRTDEYwW————— NNLTK
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Supplementary Figure 5: COBALT analysis DNA-PKcs from representative examples from all major phyla (short list)
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LLSF---IEESLKTPVHKAFIEGSFSSELALVCIH QELYDKAKHYANMSLQAFIQDWANLSTTRTSTRA--TKLOKL
IDASMSDAD-———=——— KRAFLEARYSE[ 8 ]QEDYDRAMFYLANCRQSFLHDWSGLGPLMISSRR--AKLQCT
VDSAMOKPDRKALLESRYCEELAMLYL-[ 1 JODDYGRAKYYVGNCTDAFLQEWSGMDRLMTSSRA--AKLOSL
LLTF---IDKAMHGELQKAILELHYSQELSLLYLL ODDVDRAKYYIQNGIQSFMONYSSIDVLLHQSRL--TKLOSV
LLTF---VDRAMKVEQRKAVIETYYSQELSLLYIL ODDVDRAKYYINNCMEVFMQONYSSIDTLLHQSRL--TKLOSL
LLTF---VDTSMKTTEYRAVLESRYSMELSLMYLW ODNYDRARHYANLALQKFLQDWSSTDTLIVASRT--SQLOTL
MLDF---VDNSMNVEEQKIFLEARYSEELALLYLF QEDYARARHYTSIVFKTFLODWGSIDTLMTTTRI--GKLOIL
REDFTKSQYFLNVAIDSFLKCYPTLRVCDVTARL--KLVQODL
RSDFNRSQYYIQKFYRLFRDQWASTHPLALASRHr--ILOPI
KKDLEQGRFYVRKAFDNFLFAWSTLHPLAIGTRL--GKLSSL
LTEF---VQSSSEILPKRQFLLNEFSTQLATLAATL NKEWDRARFYLGQCHLIFRRQWSALHPFALGSRH--QRVRQL
REQF1gqqVDRWLRDRDKSDYLSSHYCEELAAIFLI ODKLDQAQHQVEHSLTMFLDSWAALNPSSHNLRT--KQLLDL
LOAF---VEAARPHDDRWAHLQYHFAMELAMLSVL REDFDLARYHLSQALQRFLDDWTTLSPLMTETRR--ASLORL
LIRF---INGL--EVEKKKYLEQSFCQEMALISLH ONDLSAANYYAHLAIQKYLTEWSSTNKTIKQONQI--NKLOSL
QEKFEQANVYANTATSMTLLTLSQYSVLTPNPLL--DTLONV
QENYDRAQYYSQLCLODFLKEWSSLNVLMPIIRK--TKLOSL
RDDYDRAYYYLSLSLKAKQQIWSVQDGISSSTGAVsSSTVQOSL
FIQY---LNKSLANDEHLSVLENRHCDCLALIHVL LEKYDRARYYLDFSIQKFLQODWSALDSTLLYSRA--SKLOSL
LNEF---VAKAMKTSERAALLRSRYSDSLALMYVL ODNCDSASYYAALSEQSFLSDWAGLDSNLRSSRS--IKLOSL
LONF---IGDAVRDSAKVKLIQSKFSVELCLAYLA[ 2 | --DKNQTRVCVENFYLNFLKIWRQTSPMATISRM--ELLQOSL
SAEFmdfLRCTTDNDSVRTQFESEHAELLASVLIK[ 2 | --KYHNAMAYVDSALDRVLNNVSSVPALQRQFHL-~-SNMASV
QIAFW———=—— OKDQVSKAYLDKNFNYELAINSLT[ 1 ]-KDYDRARFYLDKETNELLSQWKNLTKLSQVAQHf--LVORTI

QEFTEMQEFLSVIKTTS-GEDFPRQ--IDRTLHKWEARSPDRLLDSVVIWDNIILNRNVYMDHFAEHL-—-— ———
ORLTEKQNFLKLAIKPD-LOEAIGCgkSLELLDRWSGCHLDSKKDPINIWDDVVSNRLLYMDKLGSRFIRSE SQOA
OKLTEMQEFLELISNDR-NFETPW--pVTRLLEKWSSRYPDNRMDPISVWDDIIANRCLYLDKLNDKFEQMA ARGV
QALTEIQEFISFISKQG-NLSSQVP--LKRLLNTWTNRYPDAKMDPMNIWDDIITNRCFFLSKIEEKLTPLP[12 ]PSDR
QAVTEMQDFLHFISKEY-NFISEVP--LRKLLRTWTGRYPDAKMDPMSIWDDVITNRCFFLDKIQERLVSVQ[ 12 JVETR
OPLVELHEFLTYISNEN-DITHT-T--ANQLLKSWQKRQPHKLLDPVNIWDDVISORNVYLDHISQCL--AG KNKE
OKLTEMQEFLDFVSNED-TFQODSQA--ALSLVTRWQTRSPDPIVEPCNIWDDIVTNRCLYVDQLCHKL--SS VQ--
LPVSETAKFLHLLHASE-HLKLESV---VRLCRFWLRYGLDVETTLTTTADDVVLNRKTFLEMFGKGLVDSG[ 1]----
QKRVVEVEEFLGLVTNDK---RAIEVAKMEKLVSLWKTRYPSSF-DDILVWDDLVSFRSVLLEKIYERFIGON[ 1]----
OQIVEIEEFLNLIQSSE--—-—— KDgiWDSMISHWERRFPSKTLDSSNTWDDIVTTRQSILKEMAERIKLNR ———
OKIVELEEFITFISKPE--—-——— AgeLSRLLSGWHKRWPSPNFDDVEAWDDIAQNRLLEFLKYIQEHFNNPV -QORN
OKTAELKACLAFATNGE-HSKQELL--AKELVKRWNKNVPSAF-DSLLRWDIRAMYRKKFTNRIDOML--EN ———
QCMVELQEFLDFVGQET-NLASETS--VNTLLSSWSKRTPTPYKDPIHVWDEVTIFRRVYFSKITIHGCYRPR[ 1]GAKA
QSIVELNEFLKFINSNQ-AFTVNLAKKkIDNLIDVWTDSMPNMQTDPPCTWDDVITNRSIFFEFIEEKYL---[10]STTF
OLLTELSDCLNNVKYAD-RDFYSSK--VKQTVTSWKKOKCRID-DNPLMTQCLASYRDLYLHLMEKKLPEDS ———
OKHIELQEFLNFIDTYR-NID---EyhFKNLTDRWLKRYPDIF-DSVNIWDDIIMNRSLYMEKIVSKLQETN[ 11 MDTS
QORLTEMNEFITFMKSND-NFSSPGP--VNNLLRKWRKRFPDPKLDPVPIWDDIITTRWMMLRKISTKLODSV[ 4]CEYL
OTLTEMQEFLQFMDDGR-NFESVTP--VLSLISKWSTRFPNEVIDPINVWDDVIVNRCMYLRKILLOYRVIQ[ 13 JGEDR
QKITEMQEFLEFIAEEG-NFSSPMP--VLSLLNKWYSRLPHPILHPIGVWDDIVTNRVLFMSKFLOKFEAM-[ 1]AEER
SLIVEIDEALIRLNEDG-SDICKNEnhFG-FVNEWKQKPPFTGEEGMVLWSQHTMVONAITSLMLNRAHDQG[ 1]----
HRLTELRESLTLLTGDR--RRODVVssTADLLAKWRQRRPDFIRDACDSWERTVAVRLLCANKML ———=—=— ———
OKIYEMREFLQSIKQEG1QTKSDIVpgVIKSITHKWMARVPSYAFDTIVVWDDILTARNLYIDLYKFRLKDEF[ 1]----

TSIDAKIDPFG- —--KQRVV MSLAQVDAASLQOGNHSVARKLLKSA----KD-LVKVv-dS---EELSVLFTHSHA
GEEETALEK---[1]ILRERLW LELKMADSACQOGNFSVAQKHLKAT ———-H---EDLKPKWTHSYV
LDTEVGGEPFSH[ 1 ]AQREQFL LRLVLADSAREQANFPVALKHLKNT----LK-DFTE-—--D---DPLRLRWTHCYA
MEVQEQEEDISS[1]IRSCKFS MKMKMIDSARKQONNFSLAMKLLKE----LHK-ESKT---R---DDWLVSWVQSYC
MEVDKEEEDINM[ 1] IRSCKFN MKLKMAESGTKONNFAVAMKLLKE----LHK-ESKA---R---DDWAVKWTHTYS

SQEMDEGDMFH- --QSKLR LYLAMAESCKEQNNIALTLRILKKT----NS-AIKSv-dN---EELKVEWSQLYA
-EEFEEEDKFR- --EKRLQ FILAQAESAVEQHNFPVAKKKLKII----ES-EVKS1-sSE---SPVLIQFYHCYA
———————— SVSD VRQSLLP[ 4 ]FGYQYLKCAVRONNHGVLLOQRLODKHLLLEA----Sn-yE---TWALLQLANCAN
-NDEAKEDGVKN([1]----LIR[4 ]LYHQMSKGARKLGNIIVSEAYFRLAVKSYPK----Tr-eN- DLAFPLVSSLI
———————————— FNRMKVS[ 4 ] SLLKMSSTARIQRNFEVARVCLNKIRNLRLI---DDe-----------RLSYCQF
SFDDKFCNSISS[3]------ A[4]LHVAVANGLMECGALPVAQSYINRYMSSKFEfSAKHr - ——————— LDFRNFKALV
—---TGASNALSR -=TE-=- —-LAMVDSALYQENFYIARKYLREAREKMSN-SGTD———=————— MELQCSLAYS

AEMLQQVDLTDS[ 7 ] IRRRLVV[ 4 ] QOCLRMAHQSSEQGPLKVAEKYHKIVHHILNTyTFDDd-tR---LDLNLQQAHGLV
LGDSVMNDFDED[ 7 ]LKKKMTK[ 4 ]MKIRFAQAAQSQGNFKLSLDKLKQS-RSILK-IKNS--dF---LDLQLIWNHCYL
—--LDVSNLIKD --TKNFT[1]--RFVIRAALHNSNYHLANRHLK----KISS-LSED-- -EYSKAQFYFLMA
IVDSEPNSYFDS[ 3 ]JLKEQRLK MKLKFVEAALLQGNLQVAVKHLKWS-QQIAK-ELKA--dH---HWINCIHLYCKI
LDDDGSSCSVDS[ 1 ]JMKNENIN MFMRAADAARTQSNYPVAENYLKIVEKSILK-DFPD---N---YFIQLRWLHSLI
VIYTF--PALKK[1]IAEEEVS LYLKLADTARLOSNYPVAIKHLRQTLYHINQ-ELDK-—--D-—-ELLTVKWTHIYT
SGICL--DDIKD[1]FFKQEVE LKLCMANAAKEQGNYAVAHRCLKEALYKIPQ-G—-—-—- N---ENLNISWSHTYA

-LVDGLDD[ 4 ]-KRRFNA[ 4 ] QLLLLAEAACLQSQPAVALIHLGRARKYCTQtSATSt--R-gsSPTSVAWRAACA
——————— TSLKQ[1]--KDLAD[ 4 ] LQVQCAKGSYKMGLFDSSDRFLKRALKIRADeDKNSqnmKivaPIIKLKCEQFKV
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Supplementary Figure 5: COBALT analysis DNA-PKcs from representative examples from all major phyla (short list)
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NANKRKCaSG-SEPSERLNLLVEVKKR-LDKCS ESSTLKLN--AALLCDQHLLQGE-- HLVTMATILONQVKDI
QMNQQKI-LT-IELKEQVMTLLTTFDP-LAKLS NTPALTGD--YCLTRHHHTLTSKSY DLVAIA-IQKGGADIL
RLHQKKA-SL-LTGADKLNNVLTTFEQ-LDKFS SCRVFEED--LAVAKQHHTLTSLSY EIVAHALIQEGGA-IL
RLSHCRS-RS-QGCSEQVLTVLKTVSL-LDENN VSSYLSKN--ILAFRDONILLGTTY RIIANA-LSSEPACLA
RLSHRRS-QR-QARPEQVVTVLKSIPL-LVEIN VD-YLNTH--TRILRDONTLLGSSY CILADA-LNKEPTCLQ
STHQKKI-IS-NDWSE--DGINGLLTT-IGKFN DSDVLKSK--PDLYRRHHVLTATSY ELLAESCLAAELPQSL
KLHNKITeVT-MDASATLSPVLGALGL-LERKR DHKLVKES--NVLTRRHLVLQGNIF DSVTSSLLSLPDFSSV
AVKSRTA-—-——————— YLMQALNLFDL--KRIS[2]EVNVTEGS----- SADQFALIGMLF[2]--VAETVVASSENTLA
KIYCLKAKNS-TTQVETLDRFIKALKF-VESKS DEDSIKNNp--DNLQRYKRLHGNIQ[5]-------LDQKLGSNL
KLNLREAQNT--IDTEKKAEILLALSEeFKKVK -SSDSRDDi --KMRIIESETY[3]-----====——————=
RLOCLRAeRD-—--— ESANNRIKKLQQILVYIE[1l]ERRKLSKHp-- EFLPEFQMEQADVNAR
KAKWLOAQLK-NTTDEKLKLGLDSWS——=—=—— ----VIED--QRFE-QYPMLHAETL[ 4 ] VMAAGILQQLEQQPGV
AYHLHEF----NLGVREQKHYFRAFARALDRLN[ 4 | DLPPSKSGahSLYKAEVLLSLGKIV[9 ]KVLWDHITIAEVDAPDA
NTHLNKC-KQ-ANSKESLESFF--ESM-VLREI[5]ISDTFKNNgkNYLYQEQRVLHSKFS KFLIESLMDHMNQTDF
ETHILRGQGK-QT--DRLKYLVEAWAKYLGRVS SMSILDQON--PRVEIQYLKLES---[3 ]LEICRAIQDMGDDWTE
D--LKKA-KN-QNYPEQLDTLLCAHKQ-LAKLD[ 5 ]KLDVSTMN--HYLLQSE —--IIEMAADIVKYNDV
KVRLDRI-HQ-DPSPTDMEAVISLTCQ-MDNFK[5]SGKGAISS--KPFISQHHVLLGKLL NKMAEIFATPEDGMLA
KVHCDKS-LL-TPPDERLKTLLTANSQ-FEKVK DLSVILEN--TTLMREHLLLRSRLL DMTSKI-LAESDASIL
EVHFRKI-QT-LTAVGAVETALLVAGQ-LDKFS ASKILEIE--PLRGIQHHILRSKTF DILCKA-MLDGGVVIA
KLNVRMIEVE——————- VSHVLKLI----DRQE[2]SSDSTSIK----LITKYYETATKLF [ 3 ]EIMHMMKIATARDQVA
KAWTTAAlSLd--—--———————- TDRnFDAMS —---VAEKv--AKVRRQLISPSPTW[ 1 ] ELLAAGLCDRASAALL
DTMNLNFaDKg----DKLQKIVKVFDSKMQESF [ 1 ]EDQQFQED]1--RTEIKCILLKQKLE[4 ]NIIFQGVSAEKEIKHL

DA-1DQKLLEKITESVGSPALSHQE-IVASLHEAAYNSFKSGVGVA A-emmmm e SQPESVCVNKAYMSLVHECDQ
TG1rNVGKLDKLLGLVGQNATRPEQ-ICSTLYSKAYSELKQAVSLA DKDDAV---TSQSERSMTEAYMALVSFCDR
TG1kDTRHAQLLTAAGVSPDTSVDQ-TISSLLQKGHACLQKAVKLA SDEEKARQDTSLDKSGIVDAFMAMVGEFCDK
EI--EEDKARRILELSGSSSEDSEK-VIAGLYQRAFQHLSEAVQAA EEEAQPPSWSCGPAAGVIDAYMTLADFCDQ
RI--KEDQAERVIEHSGSSSEEIQE-VVIGLHRKTLHYLERAVRKA EEEVQSLAGEHVDIAGVIEAYVNLANFCDR

SS-kTCDKLKNLLKTDNLDKTQVN--IVSDLLOKSHQELKSAIS-- —-DSVVTRSRSESFTE-ADAQIALSKFCDK
SP-rDIQKLVEAASCSMONADMQE--IINGLVDRGYQYIKEAV-—-— ---DIYEEDSSNDKST-VETHMALAKYCDK
Ef--e————— CLSRWISKTDTADISeLVTMCYGQAFRYLKLSCQYS = ——-—=——-- SQLNIESPKLTEPLMELSSFCDR
VM--ENLKKNGLTSLSSLPTTRLSS----ELFSLAYQSYSQSIQLY[ 1]----- SNSNNNNDTHKSKSAYLQFGNEFCDT
———————— VSELDKRVPNRNLLKIKhNKNYFIERGYNLFNNATKET —=—------SLOLKPSMHAKILVKFAKFCDY

VA-———e- WATLSSQSGEGATSQDItACFALLGSAFKTYSTALDND[ 9]-- —--SLSPHDTAKALLKFGLFCDE
LTk1PAAEVKKLADRIGAPDCSQDT-LMONLKQYGLSSLKTAAEVV TP----RG---NSEQAVAKAYLQVAKYCRA
TRagEKCIVRAFDVLLETAQRAPTDpKALPVGWRKVPSKRRAGQFA[ 21 ]KPLDVLFPSATAYGSETLNAFVRLAEFCAD

DS----GLQGIITE-—--- KKHVLQO--LSDYVKNDDINDFEKTISS LMKHGVDNLLKIKDSLKGS--LELATYCDF
DNgyMQVLSKKFENANGKESWQREL-LSCSYKSLQLAVNCAEGKLV KSDALNQD---DSKKSDSDAHLALVKYCEE
HA----EKIQELTDTFSIQSKSKLE--IDLFCKN---YEYKCRAID IIQEVEQKMIEFDQATIGETYFKFANYCNK
LSalSNDGNTKLNSLIGGTPSTSTKaISEGLWIQALSSFNAGVRSG TTLNPL----TKDPVPTVQSLEELFGFCDN
DL--LNEKKESLYQLANVNQHDSKEkKkIAAKLTSHACQALHQAVKAS KEERG--G--—-—- SSYIEAMMMMVNECDD
TL--ESQAKNALVKLCRIDETESQKkKVVSDLMTRSFVSLQSAIKAA KNAEG--KCNTTQTSGTVDAMIAMVNECDN
VGylEAKTFAKAAAFYAFNDLDDDL--SKKFFYRSLDRFKDSCRRI -DAVLSKQSQDDAPPAFLRCRLTYIEFLND
RI-=-=———- QLASSPPSTGQANMRaEAEAFDKSALSNLQSAASKA[ 9]-------—-————= SSSLQCHLELIRFCDS
[0) 3 ettt Lt YOkDCTTYLDRSFKTLDQVIKKV ---QTAAQFDDOMKKTMAKTYFKFAQFSDK

V-LROQRENDEISGTKC-E SEEDFPLALVTSLLSAMKNSSK-DARQLFPRLLOQIIERFP--QT RE VEFIRKSR
M-LRLKESDEVPMTYL-P QTDNFSQTVVHYTLKAMHYSSQ-EARQRFPRLLOLVEACP--DT MQ LMIKEVS
I-LRHQEDDE-EGTEL-S SIPGLAAAVVSNLLQALRHDSP-EARQRFPRLLOLVEIYP--DT MD LFIEKVS
Q-LRKEEENASVIDSA-- ELQAYPALVVEKMLKALKLNSN-EARLKFPRLLOITERYPE-ET Ls LMTKEIS
C-LREKEESATAINFS-- EQQTFPACVVEKILKAMKYNSK-EARLKFPRLLOIVKLYSA-ET LD LMKKEVS
F-LRMKENEE-EHIKE-K VIENYGETIIICLLKAMKLGSM-EAIERFPRLLOFVELYP--DT MP TEFIKMVS
Y-LKLRE-ED-DSLTG-E SIDSYPEAVVTSLLRCIELDHM-DARQRFPRLLOLVEYYP--DT MQ GFINKVS
I-LRKNGHTSLVNSECAC - ——=—=-- VMVRSILKSMKNGSH-LARQLFPRLLSVMEKYPE--S EL EFQAEID
E-LQRRGDQSEDSNRLAV[1]-——==—=== VVNSIMNAIKQEIP-GAIEKFPRLLEIISQYEK--A[2]-E -FVERTK
F-LRKLDFTEEQTQTIFD[1]--AQYASNVVESILQAMENGSK-EATELFPRLLOQIIEKYHN--T -Q[2]-FKEKVE
L-LKLSQQPEERSQMTQH[ 6 ] QASDLSLLVVRHMLKALALDST1QAQHAVARLLSLVGFSSA--T[2]-E[ 2 ]RFLDNVS

——————— HSNTSREDN-- —-—-FGTDIVTSILRAMRYGSK-DARQLFPCLLQLPGLDT--SL SE LFHKESS
V---LODRIAMPKDSMGR[1]----- KQVFVETALAAMRSGNV-LMRQYFPQLLNLGERPTDsDH Lo RVLASAT
Y-LRIAENDNNDFEKLTL[ 4 ] IRSQFPEIVTEQLFYSIRSGSL-EARTRFPRLLOQIIELYPD-EC LE KFVSSSE
CVIKWKDHVDVSQ-———-- ——-—-YSKSLMVSVLRAMANGSR-DAHFHFPRLINLMNEDA--SL Ls SFKEEYE
I-LRMQEE--—--- EEKTL[ 2] SFETYPSVLTNSLLNALKNGNL-NAIKLFPRLLOQIIEVYPD-T- Ip EFIAKSK
A-LRQEDHDDEQSTGL-- DTKSFPSIIINHTLTAMSLGSS-KARELFPRLLOLVEAHP--DT MD LMINKSS

I-LRHEEDGRANQPKGLI DTKIFPEVIIRYTLEAMAYNSM-DARQRFPRLLOIVERNP--NT D GFMRKSS
C-LRKKEVSVAPVE---V DTKLFPGIVVRYMLKSMCYSSK-EARQKFPRLLOIVHKYP--DT LE AFVKKAA
L1YKRQLEKLANFADSKV —-—-LIKLLAENVLRGMAAGDR-ECANYFPGLCDVVSPYPD-IV AE[5]----- LT
ClLEAAPNQQPQQFRAAL[3]--—--——-. AVDSVTSAMRCGSQ-EASIRFPRLLCLLGESADAEA[ 4 JAD[ 5 ]JRFSROMA
I-LRKMENDQCRYVITNS[ 6 ] SEEQVARDSIKYGLLSLNHEYQ-NASDITIPRLLDITSKYKD--H VQ[2]-FIAYSK
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Supplementary Figure 5: COBALT analysis DNA-PKcs from representative examples from all major phyla (short list)
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D---IPAWMFLGWVSQICAILDKPE--SSAIHEILLNIADIYPNALVFPFKLSNHNYKF-TSDAVSSKSKSVCDRLHQML
-VPCWMFIGWISQMVALLDKPE--GPAVHGILTDIAYEYPOQALCFPFKISSESFTF-DESNTGRKNASAARKIGAIL
H---VPSWLCISWLGOMVALLDKPE--AVAVHGILTRIAQEYPQALVYPLKISSENFEF-EDSVTGRRNQEAVTSLKKTL
S—-—-VPCWQFISWISHMVALLDKDQ--AVAVQHSVEEITDNYPQAIVYPFIISSESYSF-KDTSTGHKNKEFVARIKSKL
S—-—-VPCWQFIGWINQMMAELDKKE--AVVVQHIIEEIADSYPQAIVYPLMISSESYTF-EQTARGNTNKEFVERLKNKL
EnrlFPLWMFLLWINQMMALIDKTE--SPAVQPILLQIGTEYPQAIAYPFRISCEGFEF-EDSAQGKKNKEAVKKLASIL
—==VIPCWMFMTWIGQLVALLDKPE--APAVHNILIRIAREYPQALVYPFKVSKECYTF-ERSSEGKENQAVVERLDFSL
S—---VPSWMFLSWMNQMLSALKR----SNKFYSILERIADDYPQALIYPLLMLK-=-—=—=—— SATGDVGETDFYRLQLKL

A---VPVWMFLGWVNQLLACLGTPV--GPVLHDIILRLAETYPQSLIYAFQLSREKYNL-E-SGHVSL-KALVDQLASLL
Ts--VPCWMFLNWIPOMLAILDAPE--APVVQQVLKTIASSYPQALCFPVMLSEEKLKF-SGAASSTQRTFFTNLVRMVT
D---IPSWMFLSWLSQMTALLDKPQ--AKAIQKIIENISIEYPQALVYPFRMSTENFKF-SNELN--EQSDFVQKISRHL
-VPIWMFLLWLSHILIYVDKVP--GPALQPVVERLAAEYPQAVIYPFGISKQQYNF-S-SHEGKLAKAMCDKVEALL
-VPCWMFLSWINQLLTLLDKPE--ATAVQYIIKEIGTNFPNALVYPFKLSYEMYKF-PDTLOQGKENKEFVMKLKSSL
-IPCWMFIGWINQMIALVDKPE--SRAVHDILIRIADTYPQSLYYAFRMSSSGYKF-GHN--NSEGKELFEKLKEKL
A---IPSWMFIGWISQMMAILDKPE--ARAVQEILFRIADEYPQAIIYAFKVSNEQYTF-EETSVGRQNKTAVSKLSSKL
D---VPCWMFIGWINQMMAIIDKPE--GKAVHGIVSEIAKRYPOQALWYPFKISSEHFVF-ENSEDGKANEEAVKRLRSSL
D---VPLWTCLQWSAQLMALLNGDI--GMTIVAILEKLAERYPVALFYDFMVTCRSSRD—=—=—=—— IFKVDLRRLEVLL
S—-—-VPVWLSLPWLPQLVSLLDKPDggGSAVLPLLESVCDIYPAALVYPFRLARANYRF---ETGDSGARQAAERLWQRL
Et---PTWYFLRWINQIVAVVNRPE--SSVIEEKVIQIAKKYPQALYYPFKVVESNVKV-NVLDSDVQKTQLFQKLSKYY

SK---NPLIDRLIFSLEMMHEPAVIIKDWIMDM---KNAKGPGGSsqSLSMAYVKERYQELYKELL-~[4 ]JEDGSLYSDS

ES--1i-PLLDDFICALEQLNNPEFVFKDWADDV-mKPLLNV—-——-— aKRDKNKIRQACHEIYMNLINH[ 7 JGAGSSQDSQ
SV--1YSLVDKLIGGLEQLSHPDQLFKDWGDDAd1KRLLKVDPKKrtKEDKVTIKRLYDEMYDSLLDF [ 7 ] SMSSLFGSQ
DQ---GGVIQODFINALDQLSNPELLFKDWSNDV-rAELAKTPV—-=———- NKKNIEKMYERMYAAL--- GDPKAPGL-

DK---GGMVEVFINSLEQLSNPDMLFKDWVDNF-rSKLEKKE-
TEdkv-PLVNKFISALDQFGQPEMLFKDWTDDI--KKMLOSK-

~NKTQLKNLYSEMYSNL--- ANAGAPGI-
NRNKSKIMEKYKEIYNMLIEY[ 7 ]STQLSYMTQ

S--ki-PLVETFINALEQFGQPNALFKDWIGEM--AKLLHVK--——— QRNTDAVQRCYTQMYSSLM-M[ 7 ]JVSQDIFDTE
RKt---KIVKEFIDALNLLSHPDIHAIDELESI----ILNISNNS-----NEARKEATAKVYSFVTF-  —————————
KN----PLIDTLISEFERLTHPEHRFKDYMETV--KTMMKSTPIN-----TSEIQKLGVEIYNDCFNP[4]-—--——-——

KCd----VTDTFVTELHRLTDSEIHFCNWINPV--YNLVKRNYSG--VDKTAEIKASFQKMSSFLLKP  ——--—--——
RN----PLLEGLVRALEDLTFPQORLKDGLLOT —-DSERAQLVEFNEIYQDCLDT - —===—= QSL
FT---DPVIDIFLRAFSCLGQPRKMLYHFVEKL--EQLLNAK~-— RPNCDSLHHMYDTMMKELFP-[1]SYGKIHGAL

TDh----- LRREVTELKCLTNPVMAYMDWLEEQ-——=——— DOAIK--KRDQDALLTAFKHLKSELLV- —-—=-TSSTT
NT--gLPLVEQFITALEHLNTPKLFFNDLIMDI--NNNLK--—-K-—=—- NDVIMKLFKDLNNNLID-  ————- LEGK
SS—---HKLLHQFVSAMSLMVVPSIACKDAIQNV--LOEKDKQ—-—-- KME-EGLSEIVSEFLKVQNR-[ 1] SKGNAEEKG
S---gqLKLVDEFVNALDSLSVPELLYKEYFKEI--LOMKKDKGDK-—--~ NEIV-KLYKKLCHELFN- = ———-- YNPR

QS----QLMDEFIAALEQLNSPELAWKDWYDNE-1KPLVGSVTVP--KRDKNAIKRVWEQMYSQLL~-~-[ 6 ] GDKSLYGGS
-Q---LPLIESFVRALEQLSQPDLVFKDWVD-E-VKGLKKKS-~- -SIAESIRICYQKLRDGLLVD[ 7 ]ASSLTSGEL
—E---HPLLDDFIAALEMLTNPEMVFRDWCEGP-mKQLLEDQIKR NDSQAVKQCFGAMFQ-LLMD[ 7 ]GSQ-TRGT-

Q

AN----PVMEKFVAALGLIHHPELRLKEGLRKI--ANLLDENRTS ——--DARQTVELLWRDCFSP  ————=———=
RR1---PLVEEFIAQMGEVCLPACTALDWLSSA-—--—~. KRSIGQ-----TERLRELHAEAIDQLFFD  —-—=—=-———-
EKt--FRNLNAWAEALDCLVYPEHRFKYWLQII--NDIVSDDNMR--GIQKAKLKDIIIMMAYDLTCT - —=—=—==—- Q
ADC---[1]MGPYRSDFVKQFISQFDEYFGKMGSKIPGL-~--TFMKVLSWLS [ 2 ] SEKVKKAFSNKQPRK-LKEYSQWLA
SSP---[ 3 ]FGNFRRRFAQEWQKKFEAAFGKDGTKVIDMQLKTFSE-—-——-— [ 71 EMAAKRRD---PPGN-LKEYSTWFS
SSDLES[ 4 ] FGPFRRRFAQQFAKECEKMFGKDGSRILDMKEKEFMKLKSGLQ[ 8 | KAFPREKANCYAPGL-LKDYCPWLS
—————— -GAFRRKFIQTFGKEFDKHFGKGGSKLLRMKLSDFNDIT---~[ 1 JMLLLKMNKDSKPPGN-LKECSPWMS
—————— —~GAFRRRFVTGFKKKIDQHFGKDGLLLLNMNLKAFNVAV---~[1]QIM--ETQKPEPPGN-LKEYSPWMS
TTN---[2 ]MGEYRKKFADTFKKDFDIAFGKNGEKLASMSIK-—-—-——=-—— —---KGRGKLVPPLS-LHEYCQWLA
PDS---[2]IGQYRQKFAKAYCKDLDSAFGKDGKKIMTMSEEAADGIFKKMD[ 2 ] SKGTKGHPNLVPSEK-LGDYSKWMS

ADIRRD|[1]LGSFWKCYFKKYLPKMQEIFSVDLCAFDNKAAENYLRLCSSFL SELRTFYIPECCPNN-LNEYSPWLA
—————— -GDYNLKFAKEWDHHYSQHF SKDGSKLAKMDVKKLVELVADMS [ 1 | ~-KMAKTMKPSSTATMKLKDFSNWLV
—————— [ 3]HGIFAKEFVNRHSEYLFDICGRDGSILARMSPNDFKSKIYDYY[ 1 ]KNIKRQDRKAQEGVNILKSYSAWLA
KDPVRQ TGEYNLKFARDWASLIVKELGLNGSKLRSMDAKQFSSVISGLF —-EKLSKNDISAEKIS-LGSLSKWLA

FKDIQE —-=YRKRLEK--AESNIKCGN----KKVLKDICFIKEKLKYI- IQDIKP--—-—— PVQ-LKDYSPWLS
ASDREV —~GSAWKAAAKKASRNFMDQFGTDGSKLLRMDAKAYAKVKKVLK —AKLREYDTKKPPRT-LKEYSPWLS
IDFCGR ——-—LWTDFSNFIKPLFMKQFGEQFRLLPQLSELEIKNKLONIC SQVNEFCQRKPMSGN-LGDYSAWLK
EAYTRQ —--DRAKKQM--AEAFTKAFGENLKKAKSLSIRDIQRELGSMG([ 1 ] VLOLSPEEMRKLPRQ-LKAYSPWLA
DKMKER —-KLHLKVAKVCGSVVFSEFGKDGNKLISMPLKEASVKYETLL KKITTMSEMNK-EAK-LRDFSDWLS
PSLOK- —GARQKTFAQAYAKNIEDKFGKGGAKIISMSGTQLASAFNEVY NKMRESLNKFSSSAL-LKDYSPWLD
IEF--- -GSHKRRFIQHFGKVIEQYFGKDGSKLQSMKASDFEKIASRLI[ 1 ]EISGKIKNR---PEN-LKEYCPWLS
-ES—--—- -GPFRTKFAQEFANEVQRIFGKEGEKLVGVKMTDFSKWC-RDI[ 1 ]QKMVKFRNRTPPPGN-LKEYSPWLS

--QRQL[ 4 ] IGRYNREWSRVAKRDVEKIMGKDGLKMTAKTVSAAREWINNHF SVTPGRYGITKDMKAhLGDFAEWLQ
PDGPQA[ 2 |JHGRLRREFAARHRREFLAALPTADRLVGIRSEAELQRAVGKLW KRVRDERDSSSVATArLADFSTWLA
KDLLGD[ 1 ]VGSYNRKFAELWDKVFAKEFGSNLNRVDKMSNSEITIKSVQNLN NKLNQSIGNLGQGYEkKLSTFSEWLD
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3562
3580
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3544
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3836
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3647
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3890
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Supplementary Figure 5: COBALT analysis DNA-PKcs from representative examples from all major phyla (short list)

Query 10001
Query 10002
Query 10003
Query 10004
Query 10005
Query 10006
Query 10007
Query 10008
Query 10009
Query 10010
Query 10011
Query 10012
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Query 10014
Query 10015
Query 10016
Query 10017
Query 10018
Query 10019
Query 10020
Query 10021
Query 10022

Query 10001
Query 10002
Query 10003
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Query 10005
Query 10006
Query 10007
Query 10008
Query 10009
Query 10010
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Query 10012
Query 10013
Query 10014
Query 10015
Query 10016
Query 10017
Query 10018
Query 10019
Query 10020
Query 10021
Query 10022

Query 10001
Query 10002
Query 10003
Query 10004
Query 10005
Query 10006
Query 10007
Query 10008
Query 10009
Query 10010
Query 10011
Query 10012
Query 10013
Query 10014
Query 10015
Query 10016
Query 10017
Query 10018
Query 10019
Query 10020
Query 10021
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3666
3754
3764
3689
3704
3644
3680
3540
3715
3641
3621
3561
3757
3628
3644
3675
3728
3694
3733
3530
3967
3783

3735
3823
3833
3758
3773
3713
3749
3609
3784
3711
3701
3631
3826
3696
3713
3744
3797
3763
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3598
4044
3856

3806
3894
3904
3829
3844
3784
3817
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3780
3735
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3786
3815
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3834
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4115
3927

EFQ AGNHEA--S--LEIPGQY
DFQ QLSYDR--E--LEIPGQY
DEFN PLDYDR--E--LEIPGQY
DFK VEFLRN--E--LEIPGQY
NFK PQFLGN--E--LEIPGQY
DFN PNRDSR--E--LEIPGQY
GLA AQDMDL--S--LEIPGQY
GYR PHPMDV--F--LEIPGQY

EFD[1]SNQLTE--

EYS

SSNVEK----eIEIPGQY

DFD[ 8 ] SRDFDK-nEmgIEIPGQY

TGE-VCPLPEYHAKISSFDSQVTVLRSLRMPKSIVIRGNDEKEYKFLVKGGED
GGK-SKPLPEYHVKIAGFDEQVKVLSSMRKPKRIVIRGNDEHDYSFLVKGGED
TGK-VKPLMQYHAKIAGFDQRVKVMSSLRKPKRVTIRGDDERDHPFLVKGGED
DGR-GKPLPEYHVRIAGFDERVTVMASLRRPKRIIIRGHDEREHPFLVKGGED
DGK-CKPLPEYHAKITGFDERVKVMSSIRKPKRLIIRGNDEKEYPFLVKGGED
DGL-SKPLPEYHVKVAGFDERVLVMSSLRRPKRITIRGNDEKDYHYLVKGGED
TGL-SKPMPEYHVKIAGFDSRVLVLSSMRKPKRITINGTDMKDHKFLVKGGED
SGD-RRPFPERHVHIIGFASDIEIMRSLKKPKKICIQGDDGRDYKYLVKAGED

-IELPGQY[1]-GT-SKPQPEIHIKISSFDPNLLVMGSLRKPKRIKIHGSDEQDYPFLIKGGED

DGL1SIPDPSKHIKIASFDPKILVLRSLRKPKRITILGTDGNEYLFLVKGGED
NGS-SIPNLSTHVQLLGFDQVLICLKSKQRPKILTMRGSDENDYKFVVKGGED
TGE-SKPLIQHHVKIAGFKQTVVPMKTLRLPLQVTIFGSDAKEHQYLVKFGED
GGT-EMPIPEEHAKIEGFDEKLLIMASIRRPMRLTFRGSDEREYRFLVKAGED
NGN-EKPMPEYHVKIESFDERILEMSSLRRPKCITIRGDDQREYKFLVKCGED
TGM-SKPLPEYHVKISSFDENVLLMSSMRVPMRIIIRGDDEKEYKFLVKWGED
TGK-RKPIPEHHVKICNFDQKVDILSSLTKPRCLTIRGNDQKDYKFLVKSGED
DGR-SKPLPEYHAKITRFDAKVLILSSLRKPKRLTIIGDDTREYMFLVKGGED
TGR-SKPLPEYHLKIASFGERLLVLKSIRKPLRLTVQGDDEKEYLFLVKCGED
KGK-TKPLPEYHVKIVGFDEKVQVLPSIRKPKCLIIRGDDEKDHMFLVKGGED

EGLkSEPLIEKNVKIASVKKTLLILGSIRRPKRITVHGSNEKDYHLLIKGGED

EFQ GGKHCF--Le-LEIPGQY
KYR SPGAVF--D--IEIPGQY
GFK R-NITK--D--IEIPGQY
NFQ ASKYSE--V--LELPGQY
EFH SIKYSE--D--IEIPGQY
TFR QEDYLQ--V--IEVPGLY
NFQ AANFTY--S--IEVPGQY
RFQ SNNFTH--T--LEIPGQY
EFD HSSCIL------ ELPGQY[4]-GP---PDPATHVRILSFDSMLGVLASKQLPKKLTAHCSDEKNYTFLVKGGED
EFA ATEHGD--Ay-LEVPGQY[ 6 ] TAS1AKPQPELHTRIAGFGDTVRVMSSLRRPHRLTIRGNDQRDRPYLVKAGED
SLD FNDFYNpsEy-IELPGQY

LRODQRVQQVFNLMNEIYANDANCHARR--LQLKTFQVIPMTPRLGMIEWL
LRLDQRVEQLFRIMNSILEQDSTCSQQG--LQLVTYEVIPMTPRLGMIEWA
LRODQRIQQLFDIMNDILTLDPACSQRQ--LRIRTYGVIPMTSRVGLIEWM
LRODQRVEQLFQVMNGILAQDSACSQRA--LQLRTYSVVPMTSRLGLIEWL
LRODQRIEQLFEVMNIILSRDAACSQRS--LQLKTYQVIPMTSRLGLIEWL
LRODARIEQLFVIMNKVFDKDPVCRHRK--LHLKTYQVIPMTPRVGLIEWM
LRODQRLEQLFYIMNRVFSQDPDCKPRQ--YKLRTYQVIPMTTKVGLIEWV
LRODERVQQLFDLMNGILQKQHQCSRLK--ARIRTYRIVPLSIKLGLIEFL
LRLDQRIQQLFFVMNEILKRDPATSKRG--LHIKTYQVVPMTGKVGIIEWL
LRLDQRVQQLFSLMNGILKKDSFCSQRN--ITQRTYKVVPITGHLGIIEWI
LRLDQRIEQLFEAMNNVLNRDAACSQRK--LAIRTYSVIPVSKKCGLLQFV

LRTDARMEQLFAVMNQALAADPACGERG--LSLRTYNVVPMTTRIGMLEWV
QRODQORVEILLDIINNLLKSDSKCYQRN--LSIKTYQVVPMTSKLALIEWL
LRTDQRMEQMFTLMNSIYARSPLCTKASSVPSLDTYQVIPLSLRVGILQWV
LRODSRIEQLFDVMNDIYQCNAICFQNK--LKLETYQVIPLTTKIGLIEWV
LRLDQRIEQLFETMNKVLSDDPICSQRR--LNLRTYSVIPVTPRVGLIEWV

KNSCTLKDFLRQGCSDV SWEQI
ONTTTLKEFLHLAMTEQ EGNAY
ONTTPLAGFLENAMTTR EQEAF
ENTVTLKDLLLNTMSQE EKAAY
DNTCTLKDFLSSNITEE TQSRR
NNTTPLKDFVYGALTEQ ERKYI
NQTKTLKEVVYGTMTEQ EK---
PNVVPLQQFFMEESLRK QYQTI

NDTKPLKEITEDQMAVH[ 3 JERSNV

NNTTPMRYFIEREPRTS[ 3]

ENTCVLQEVIRDGLSSK[9]-KPLQ
LRODQRIEQLFNLMNKILDQDPTCRHRN--LSITTYQVVPLSSHLGIIQWV[47 ]GEAHMKYS-—————-——

PNSCVFKEMINLGMTDA EREDA
PETKPLKVILENDLVNE AQNNY
DSTQPLKDFINDSYREN ETKCY
DNTNVLGSFLKDAMTDK EKESF
RNTMPLKDFIQLSDPEK KSLPA

LRLDQRIEQLFCVMNEILAQDSICSQQD--LRLRTYQVIPITQRLGLIEWM KNTITLKEFVTDAMEDH EKQHY
LRLDQRIEQLFGLMNDIMANDSACSQRG--LRLRTYQVIPMTPRVGLIEWM NNTKPLKGVLNSAMTKA ENDHY
LRLDQRIEQLFDVMNQIFKADPRCRDQK--LSLTTYNVIPMTQEIGLLEWI DGTSTLKGLVEAQLQID[ 1]RCVGL
LRODQRIQQALGLEFNSLLQRDIQCRLRR--LSLVTYQVVPLSPDLGILEWL ERTQPYKDFLVHQMSAA EQRSH
LRLDQRVQQLFQIINSIFKDDAQCQONRD--LYIKTFKVVPITNRLGTLEWV DDTEPMKSLINREHMRN EAGKD

QONK-NLPNNPANLLCQWIG-dsS-NTRQMIENYRKCYQKYSRNETLNAFKKREAMVPWDMLRKSYQKLASSPESYFVLRG
NSR-HGPRYQHSEWVDKYAkgnQ-SNH--GVRYGAVYRHANYTDTVKCFRSWEALVPWDLMRRAFIQLSASPEAFLTLRS
LHQ-RLPLIDFDAYVHRLG-gtV-KNDPWGKVYGSLYQKASRTDVTLAFRQVQSKVTWDIMRRGYLQMSSCPEAFLTLRS
LSDpRAPPCEYKDWLTKM--~--S-GKHDVGA-YMLMYKGANRTETVTSFRKRESKVPADLLKRAFVRMSTSPEAFLALRS
QQEVLP---KYREWLQKM----A-GRKDMFLRYPTMYLKASRTETVTAFRTHEQAIPGDLLRRAFIKMSTTPEAFLALRS
LGD-QGPGKQHENWTYKYF--dA-KKRCIKSMYQKVYQNYSRAETIKDFRMKENKVPWDLFRRAFHQMSTSPEAFHVLRC
—AQ-QKAATILORNFLSRYG--nP-SDPNICKKYWGMYERCSRTEAVKSCQDKENSLPWDLLRRAYLQMSTSPETFYTLRR
AME--MFTEGPEKILLKAA-geG-SSPLNHLTYWRSFONITPETAARCFNEVLKKIPDHLLRDQLLNCCVSPDVFCFLRQ
SLSrMEAYKIHNEWINSFGkyiKmANPPAGPLYQQMFMHSDRADAIKKQEKQHDKVPANLLONGIWAISSSPESYLFIRN
—-—--DDAQSMHSRWVQQYK-—————mmm - SYHNMFMEVNRDAVVQHFKDLQREISNDMLKKALYKLSTSPEAHLSIRS
ATSeTLLKEIQHEYIEWVRkk-G-GGKSQTECYCNLYRKVGFEEVSLKLSALQGQLPWDTLRMGFSRLVTSAESYLALRS
————————————————————————————————————————— PEETSAEFRKKVNMIPWDIMRRALQRLSVSPESYFILRQ
KKR--KATQLPQNHFSQFANnr£fS-KDPSPLKMYSSVMTKAKRSDISRSFLERQALVRPTLLRDALLHLSTTPEAYLTTRQ
FIYGINKDG---S-K-KTQSEVYGMVYAKYSRELICREFDKIQNSIPWDLFRQFLRTLSSDSEAYFVLRN

——————— NYTVAKKAKKRDVIKAYEEVVNKIPWDVLRRGLVRMSSSTEGFFSLRS
S-RDKSIPLLYENIY-KIADTEVNKKFTECINMIPWDLFRRAFLKFSSSLEAFVILRY
————— GGSNYVNWYYEMYKKLKADEVKKEYRRIVSAVPWDLLRRSLISLASTSESFLLLRC
LSSQNSPHQLYSKWLGKF---gS-AGGPVYM-YQSMYRKAKRSEVENHFKFRENSVPWDLLRRGFVALSASSEAYLMLRS
IGP-NGAGACYRNWIDKFK--gD-PRNPSRF-YGEMFKKANRTETERSFTQKQALVPWDLLRRAFLQLAVSPEAFFILRS
KSNnSQKLDLFNTTAAKAYes-F-LLEQRGATYSAKVVASRSEDVVDHFAKVHAMIPPDLLRRQLLKLGSTSDVFFLVRD
SKQ----SLDYCKFVSNDHCK---=-—=—-———-——=— LYTLSDQQVVQRNFQPLLDCVPDCLLARGLRQLSSSWEAYYAMRD
LNQ-SRALNERRKWLKSSVpg-N-AKKEGITDQHICLLGCDEKIVIEGFNKHKEATPWYLLRNGLENLCLTSSAFLAIKN
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3712
3743
3796
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3801
3597
4043
3855

3805
3893
3903
3828
3843
3783
3816
3679
3857
3779
3779
3734
3896
3766
3785
3814
3867
3833
3872
3669
4114
3926

3882
3969
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3902
3915
3859
3891
3755
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4176
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Supplementary Figure 5: COBALT analysis DNA-PKcs from representative examples from all major phyla (short list)
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Query 10001
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3883
3970
3981
3903
3916
3860
3892
3756
3938
3844
3858
3774
3974
3834
3845
3889
3937
3909
3948
3748
4177
4004

3962
4049
4060
3982
3995
3939
3971
3835
4017
3923
3937
3853
4053
3913
3924
3968
4016
3988
4027
3827
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4082

4023
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4041
4054
3995
4028
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4097
3970
3976
4045
4070
4044
4083
3922
4343
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NCATSHALNCISAYIMGIGDRHLSNHMVDLINGKMIAIDFGHAFGSATQFLDIPELIPFRMTROQLRNLLLPL-REKGVIE
HFARSHAVICICQYILGIGDRHLSNFLISLKTGGMIGIDFGHAFGSATQFLPVPELMPFRLTRQIVNLMLPF-KKEGILQ
HFTTTHATLCIAQYVLGIGDRHLGNFMIDLESGGMVGIDFGHAFGSATQHLPVPELMPFRLTROMLNLLLPL-KESGLLQ
HFASSHALICISHWILGIGDRHLNNFMVAMETGGVIGIDFGHAFGSATQFLPVPELMPFRLTRQF INLMLPM-KETGLMY
HFASSHALMCISHWILGIGDRHLSNFMVNLETGGMVGIDFGHAFGSATQFLPVPELMPFRLTRQILNLMLPM-KESGLIR
ELVVTHATISICQYFLGIGDRHLSNFMINLKTGGMVGIDFGHNFGSATQFLPVPELMPFRLTRQIINLTLPL-GIKGLLE
HFAISHALLCICHYILGIGDRHLSNFMVDLETGGMIGIDFGHAFGSATQFLPVPELMPIRLTRQILNVMMPL-REKGLIE
KFTVSLASMCIANYLLEIGDRHLGNIVLDTKTGEVIGIDFGYAFGASLQYLPIPELMPFRLTKQFVGVVDPV-GMHGLLE
SFARSLATFSICSYIIGIGDRHLENFLISQKDGILIGIDFGHAFGTATQFLPIPELMPFRLTRQFTSFLMPL-DSVGLLS
EFIKCHAVINICGYLIGIGDRHLENFLVDTTKGSLISIDFGHAFGSATETLNIPELIPFRLTKQIETLMEPL-GSKGLLE
QFARSLSVTSICGYVAGVGDRHLGNTLVDMRTGALVPIDFGYSFGTNVLLLPVPELVPFRLTAQLKNFLLPL-TAVGLLR
SFACSYAVLCIAHWLLGIGDRHLSNILVSVKDGRCVGIDFGSAFGTATQFLPVPELMPFRLTPHIVSLLQPL-EETGLFR
LFGRTLATMNICQYILGIGDRHLSNSMIDLRTGGVVGIDFGHNFGSATQELPIPEMIPFRFTKQLEAVFLPH-KKEGLVQ
EFIKSYAVASTCHYILGIGDRHLSNWMIDLKTGRAIGIDFGIAFGHATMNIPVPELVPIRLTRQILKLIAPL-EQRGLFE
AFAVSYAALCISQWLLGIGDRHCSNSLVSLKTGRVIGIDFGHHFESAVQFLPVPELMPFRLSPQIVNVFQPI-GQVGMLK
NFITSHAVLCISQWLLGIGDRHTGNFLVSTTTGIEVGIDFGHAFGTATQFLPIPELVPFRLTNQYLNLMLPL-KEKGVIE
TFIQSLSVINICQYILGIGDRHLSNFMVDMETGQLVGIDFGHAFHSATQFLPLPELMPFRLTPQFVNLLLPH-KVSGQLR
HFARTHATVSICHYLLGIGDRHLSNFMIDRLTGGMIGIDFGHAFGSATQFLPLPELMPFRLTROMLNLMLPL-RENGQLK
HFASSHACLCICQYILGIGDRHLSNFLVDMETGGMIGIDFGHAFGSATQFQPLPELMPFRLTQQFVNLMLPL-KKSGTLQ
NFLKSLAVFSACSYVLGIGDRHLDNFLLDLGSGRVIGIDFGVSFGAGASVLPVPELIPFRYTRQMNFVFQPY-DGPSLLA
TLVRSHAAMCGAHWLLSVGDRHMSNYMLCLDSGKMIGIDFGYAFGTAITFLPTPELVPFRLTRQICGAMGPLpPSQGAFV
QFTKSLATFSIASYLIGIGDRHLENFLIDTSDGEILGIDFGIAFGSGIQ-LGIPELMPFRLTQQIEGVIAPH-PLEGVYK

GTMVHSLRALRQHKEQLISTMDVEFIKEPSLDWQNAA---KK EIQ A- --MSNRKedtSKLTLDSQ WFP
SSMVHTLRALRQNHELLINTMDVFIKEPSLDWKTNA---SK QOAK AQ[ 3]GrVLEGQsdpDGNSLDES WYP
STMVHVLRALRSSPNVLINTMDVFIKEPHLDWKNFA---AK OM- --[2]GMVGE----- DDDLDDIS WYP

MLK KG WYP

OMK KG WYP

ORN E- WYP
STMVHALRALRANYDLLLNTMDVFVKDLSVDWLAFA---EK QOLO T- —--TMSSQ----EDKEDAK WYP
STMKYCLKAFRDSSYILLNTMDTFVKEPSLNWIVEA---RR QIG[ 1]-- GrTLWNDe--ANLRDSFK WYP
HNMTHTLTAIQNNKDFLLSTMDVFVKEPLIDWIKLASr1GK[1]QGK[ 2]KS[3]-----=--—————-mmmm WFP
YPMIKILQIMOANKDILLNSMDIFVKEPLLDWLNRAndgAK QOK[ 2]-- ----NSNeigEGDSQTVE WYP
SDMVRIMTALRGSRGLISAVMEVFVKEPLVDWRQEAVKIQR[1]RAR[ 4]-- StALEADagaNHHMAAFS[3]-HV
ETMIHCLRTLRNNYDMLLATMEVEVQEPSIDWLEFA SR HES[ 1]-- - NK WYP
EVMVHVLRALKANQRLLLSTMDVEIKEPSLEWQQQA RG DVA - LFA
SSMVHCLKALRENNDLLVCILDVFIKEPSIDWIGSA---VK IAK[ 4]ED[3]T1GLQ -YA

EIMVSALGALQESRHVLTAVLEAFVKEPTKDWLDEV-—-QK  QEG[ 1]-—  ————o TQ---DSKVEL--  -FS
ATMISALSALRDNADILLNTMDIFIKEPTVNWQENA-—-LK  QKR[10]SD[3]YpGNTESAdpNHSECDFN  WYP
SCMIHTLRALRHSPTLLLNTMDVFIKEPSLEWESNA---KK QAL aAQ KINTDDNT  WYP
CSMVHTLRALRNKPDLLVNTMDVFIKEPSLDWQNFA---NR  QNA KQ S---DDFS  WYP
SVMIHTLRALRSNHDLLLNTMDVFIQEPSLDWQVYA--—-RK  QAK TQ -——E---QKAD  WYP
REMQTVFDALRSKRQVVESVMNVFLHDPLLDWQQSTkikQK[ 9 ]DLH[ 9]KD[6]TrESQSRkkaSTLPATGN| 4 ]WLP
RCLGHCLAALRRERELVLSVLQVF INDVSADWKQLAGmITA[ 3 ]ESS[ 9]AG[3]ASASSAAaggSGSIASFS[4]WFS
QTMVHALNALKHRKSLIMDTCEIFVKEPLLDWVKDAKQrQK([2]ENN[ 1]--[1]GmVDSLIseyEEELQELA  WYP

KEKVNIVROKLEGSNPSHVMRAELALG --QLGSYLKYfVIVLMGDK QADIRARLPADG---LSSEEQVAALLN
REKVNFAQKKLEGANPSDITQRELALG HSRNPAFSAI-KEVVKGDR SQONIRASSPKSG---LSVETQVECLID
REKIKFAAKKLQGVNPTHITKAELQLG HKNLPWFKSF-CLVAMGDG GKDVRAQKPAEG---LSVEDQVACLID
ROKICYAKRKLAGANPAVITCDELLLG HEKAPAFRDY-VAVARGSK DHNIRAQEPESG---LSEETQVKCLMD
MOKVRYARRKLEGANPAAITRDELQLG HETTEAYKSY-VAVAMGDK EHNIRARVPEDG---LSVEIQVDCLID
KOKLQYALRKFKGDNPCHITKDELYLG HSRSPAIKHFeKCV-LGDA KDNVRATLPSTG---LTVEQQVEALID
KOKVAFAKRKLKGANPWCITRDELELG HKRRG--KTYQAFIAITQG QODNTRTKFAEVD---LTPEQQVACLID
EEKISAAARKLRGDNPVIIMQDELMNS[ 3 ]LSSFPLHQII--NCIYGKK[ 8]DQSAPRGYPLQA---LTVEQQTSCLIE
KEKVDIARRKLERWNPAYITSEELANS[ 1 ]JHKGQIYEKSI-QNVVKGDP[ 1]-HNIRAKACQIC---STAKEQVDCLID
ROKLDIARRKLELENPAYIVCSELEAG HSNKPWFNSI-IKIAKGDP[ 2]--NIRARARQKC---FSVKEQVECLID
QLKVETAQCKLDLWNPAEITISELGFS|[ 1 ]HANKPYTRAL-EEIVRGDP[ 1]-RNIRARVAGNV--cVSVQEQIDCLLD
QOKLDLAKLKLEGANPVTITTEELKAG[ 6 ] LAK-—--—~. F-LECVKGHN --SVRSQMPSYQ---LLPEEQVDSLLD
EQKIAVAKRKLAGDNPAHILISELESN|[ 3 ] TSDRSWHRKA-KDITAGDA QSNIRATMPEHG---LSVEDQVRCLLD
KDRVNSVKQKLFGMHPSVIMRNDLCSG[ 1 JHKDSKYLQYF-VDVLMGNK[ 12 ] SKILAENGEKYR---LTIEEQVKCIID
SKRIELLNDKLSDINPAYITLWAVS--[4 ]VAKQKAYENL-KQAVLGDR GESVRASVGERG---LSTHQQVDILLE
KORILFAKRKLEGINPCYITKEELRLG HSNKPIFQRL-TDVCLGDR —KSLRONLPKNG---LSVKQQVKSLID
KEKVNICRKKLLGFNSSHLMLIDLEHG FKNKPEFKYL-KGILLGDS STNLRARVGKRC---DSVEDQVDCLID
REKVTFAKRKLKGANPAFVTRDELRLC HHLSI----L-ESFALGDK QYNERARMPADN---LSVEDQVTCLID
KOKVQSAWRKLEGFNPAYVMRDDLQLG HSKQSWYKQOM-ESVCLGDR NANVRAREPESG---LSVESQVSCLID
NVKIATIARRKLEGVSPALLLKQELSON|[ 3 JKQHLNKYYSLVNAASTGED[ 1]-------—- ADEiaaLSSLEQAQQLLA
TEKLQVVRQKLSGAHPCQTLKSELLLD[ 1 JHRGKPYTSGM-LAVIDRRR[ 1]--SVGGGDAAER---LVPMQQAELLVD
RKKIEVMKDKLNGLNPVRIMAKELQDS[ 1 |JHEKKPYFKVI-LNATIKGQE[ 1]--SIRYKLLAQNrryLEVDEFIDCLIE
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4256
4081
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4342
4150
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Supplementary Figure 5: COBALT analysis DNA-PKcs from representative examples from all major phyla (short list)
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