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EPVPDQSKSTPVSVKQHEDSKNPKPAQEKPQQP I KERVPDQSKSTSNKSAR I QEKTKEASKD QEKPQQP I KEPVPDQSKSTPVSVKQHEDSKN
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IQEKSKKTSE
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EKHQEPSKNPKPVQD QDKAKEPVKEPEHPKSPCSKSAHVPEKHHEPSKN
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QDKAKEPVKEPEHPKSPCSKS.
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MSSHQST DKHQEPYKEPKSAPEKPKGTCSSPGPTQGKSQERSKEPKPVQEKPKEPASQKSKEPSKEPKPVQEKPKEPAQEKSKEPSKEPKQVQ
EKPKEPAKEAKPSPT
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MSNHQSANFAPL PGKPQEQSKEQKL VQEKPKESAKEQARVKTQEPKEQAPVKTHETKQVQQQPKEQ KTQETKHVQEK.KEQA.VKTQETKQVQQ
QPKEQAPVKTQETKEQAPVKTQETKQVQQQPKEQAPVKTQETKQVQQQPKEQAPVKTQETKQVHHQPK KTQETKEQAPVKTQETKQVQEKPK
EQAlVKTQETKEQASVKAQETKQVQQQ.KEQA.VKTQETKEQAlVKAQETKQVQQQ.KEQA.VKTQETKE KAQETKQVQQQPKEQAPVKTQET
KQVQQQAKEQVPVKTQETKEQAPVKTQETKQVQQQPKVQAPVKTQE TKEQAPVKAQE TKQVQQQPKEQAPVK TQETKEQAPVKTQETKQVQQQPKEQ
APVKTQETKQVQQQPKEQAPVK 1 QETKQVQQSPKEQTPVKTQETKEQAPVKTQETKEQAPVKTQE TKEQAPVKAQETKQVQEKPKEQAPVKTQETKQ
VQEKPKEQAPVKTQE TKEQAPVKAQETKQVQQQPKEQAPVKTQETKEQARVKAQDTKQVQQQPKEQAPVKTQETKQVQQQAKEQVPVKTQETKEQAQ
VKTQETKQVQQQPKEQARVK THETKEQARVKAQE TKQVQQQPKEQARVKTQE TKEQAPVKAQETKQVQQPPKEQARVKTQETKEQAPVKAQETKQVQ
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EQAPVKAQETKQVQQQPKEQAPVKTQE TKQVQQQPKEQAPVKTQE TKEQARVK TQETKQVQHQPKEQARVKAQE TKQVQQQPKEQARVKTQETKQVQ
HQPKEQAPVKAQE TKQVQQQQPKEQAPVKTQETKQVQEKPKEQAPVKTQE I KQVQQQPKEQAPVKTQE TKQVQQQPKEQAPVKTQE TKQVHQQPKEQ
KTQETKQVQQQPKEQAPVKTQETKQVQQQPKEQAPVKTQE TKQVQEKPKEQAPVKTQE TKEQVPVKSQETKQVQEKPKEQAPVKSQETKQVQQQ
QPKEQAPVKTQETKQVQQQPKEQAPVKTQETKEQAPVKTQETKQVQHQPKEQAPVKAQE 1 KQVQQQQPKEQAPVKAQETKQVQQQPKEQAPVKTQET




KQVQHQPKEQABVKAQE TKQVQQQQQUPKEQABVK TQETKQVQEKPKEQAPVKTQE TKHVQEKPKEQAPVK TQE TKQVQQQPKEQAPVKTQETKQVQQ
QPKEQAPVKTQETKQVQQQPKEQAPVKTQE TKQVQEKPKEQABVKAQE TKQVQQQQPKEQAPVK TQE TKHVOEKPKEQAPVKSQETKQVQQQQPKEQ
APVKTQETKQVQQQQPKEQAPVKTQE TKQVQQQPKEQAPVKTQE TKQVQQQPKEQAPVKTQE TKEQABVKSQE TKQVQEKPKEQAPVKAQETKQVQQ
QPKEQAPVKAQETKQVQQQPKEQAPVKTQETKQVQQQPKEQABVKAQEAKQVQQQQPKEQAPVK TQE TKQVQQQPKEQAPVKAQETKQVQQQPKEQA
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MPQLLNAIKSV I1DTFENYCSKEQGYGKLNKAAFNRL 1 QSEFADY I EDSENPKT I EAIMQVLDENDDGEVDFREFLDLFFKY 1VAYYDALQAYKQKKH
QQPSDSDSKQEKTPQRDSSKKQETPQPQTS I LKQEPCMKAD I LOPKSPSQKQESALLQTPTTASQKKDHSKKEDPL LSSQKQDPSQPKSLSQKPGPF
QPQSPSQKSEAFQKKDL SOPQSPSQKQDSVQSQTPSPNQDLSKKQECSQSHSQSLSQKONLFPKKESSEKPDSSQSQTLSQPQSHEKKDTSKKQDVS
KKQDLSQPHYSSKTQDBFQHQONPSKKQDQHQPQSPSKKQDPTQ | QFBSHQHDPKKERSKVKERS I 1QKSPLLESTALKEEAFKKQD 1 SQPQSPSKDB
LHPQDSSKKQDPKQ I LSSSHKLDSCKKQVTSQPQSESQKEDTSKKQDPLKSQSLSKQHDPLQQKDTSKKEGSTLTLSSSEQQDKSKKQDQSQPHSPS
KTEDP I KHQHPSKKQDQYEPQSPSKKQDQTQHQLPSHQQDPKKEPSKV 1 EPS I LQKSPLLESTALKEEAFKKQD I SQPQSPSKDPLHPQDSSKKQDP
KQILSSSHKLDSCKKQVTSQPQSPSQKEDTSKKQDPLKSQSLSKQHDPLQQKDTSKKEGSTLTLSSSEQQDKSKKQDQSQPHSPSKTEDPFKHQHPS
KKQDQYEPQSPSKKQDBTQHQLPSHQQDPKKERSKVY 1 EPS I LQKSPLLESTALKEEAFKKQD 1 SQPQSPSKDPLHPQDSSKKQDPKQ 1 LSSSHKLDS
CKKQVTSQPQSPSQKEDTSKKQDBLKSQSLSKQHDPLQQKDTSKKEGSSL TLSSSEQQDKSKKQDQSQPHSPSK TEDBFQHQHBSEKQDPYQPQSPS
KKQDPTQ1QSLSHQQDPKKEPSKY 1 EBS IMQKSPLLESTALKEEAFKKQD 1 SQPQSPSKDPLHPQDSSKKQDPKQ I LSSSHELDSCKKQVTSQPQSP
SHKEDTSKKQDPLKSQSLSKQHDPLQQKDTSKKEGSTLTLSSSEKQE TSKKQDLSQPHSPSKTEDTFQHQHPSKKQDPYQPQSPSKKQDPTQHQFPS
HQQDPKKEPRSKV 1 EPS I LQKSBLLESTALKEEAFKKQD I SQBQSPSKDPLNPQDSSKKQDPKQ I LSSSHKLDSCKKQVTSQPQSPSQKEDTSKKQDR
LKSQSLSKQHDPLQQKDTSKKEGSTL TLSSSEKQETSKKQNLSQPHSPSKTEDPFQHQHPSKKQDQYEPQSPSKKQDPTQHQLPSHQQDPKKEPSKY
1EPS 1 LOKSPLLESTALKEEAFKKQD 1 SQPQSPSKDPLHPQDSSKKQDPKQ 1 LSSSHKLDSCKKQVTSQPQSPSQKEDTSKKQDPLKSQSLSKQHDP
LQQKDTSKKEGSSL TLSSSEQQDKSKKQDQSQPHSPSKTEDBFQHQHPSKKQDPYQPQSPSKKQDPTQ I QFRSHQQDPKKERSKY 1 EPS IMOKSPLL
ESTALKEEAFKKQD I SQPQSPSKDPLHPQDSSKKQDPKQ I LSSSHEVDSCKKQVTSQPQSPSHKEDTSKKQDPLKSQSLSKQHDPLQQKDTSKKEGS
TLTLSSSEQQDKSKKQDQSQPHSBSKTEDAFRHQHPSKKQDQYEPQSPSKKQDBTQHQLPSHQQDPKKERSKY 1EPS I LQKSPLLESTALKEEAFKK
QD 1SQPQSPSKDPLHPQDSSKKQDPKQ I LSSSHKLDSCKKQVTSQPQSPSQKEDTSKKQDPLKSQSLSKQHDPLQQKDTSKKEGSSL TLSSSEQQDK
SKKQDQSQPHSPSKTEDPFQHQHPSKKQDPYQPQSPSKKQDPTQ 1 QFPSHQQDPKKEPSKY 1 EBS IMQKSPLLESTALKEEAFKKQD 1 SQPQSPSKD
PLHPQDSSKKQDPKQ 1 LSSSHKLDSCKKQVTSQLQSESHKEDTSKKQDPLKSQSLSKQHDL LQQKDTSKKEGSTLTLSSSEQQDKSKKQDQSQPHSE
SKTEDAFRHQHBSKKQDQYEPQSPSKKQDPTQHQLPSHQQDPKKEPSKY 1 EBS I LQKSPLLESTALKEEAFKKQD 1 SQPQSPSKDPLHPQDSSKKQD
PKQ1LSSSHKLDSCKKQVTSQPQSPSQKEDTSKKQDPLKSQSLSKQHDPLQQKDTSKKEGSSL TLSSSEQQDKSKKQDQSQPHSPSKTEDPFQHQHP
SKKQDPYQPQSPSKKQDPTQ I QFPSHQQDPKKERSKY 1 EPS IMOKSPLLESTALKKEAFKKQD 1 SQPQSPSKDPLHPQDSSKKQDPKQ I LSSSHELD
SCKKQVTSQPQSPSHKEDTSKKQDPLKSQSLSKQHDPLQQKKEGSTL TLSSSEKQETSKKEDL SQPHSPSKTEDPFQHQHPSKKQDPYQPQSPSKKQ
DPTQHQLPSHQQDPKKEBSNVKEPSSMQKSPL LESTALKEEDFKKQDTSQPQSPSKDBLHPQDSSKKQDPKQ 1 LSSSHKLDSCKKQVTSQPQSPSQK
EDTSKKQDPLKSQSLSKQHDPLQQKDTSKKEGSTLTLSSSEKQETSKKQDL SQPHSBESKTEDBFKHQHPSKKQDQYVPQSPSKKQDBTQHQLPSHQQ
DPKKEPSKV 1 EBS IMQKSPLLESTALKEEDFKKQDTSQPQSPSKDPLHPQDSSKKQDPKQ I LSSSHKLDSCKKQVTSQPQSPSQKEDTSKKQDPLKS
QSLSKQHDPLQQKDTSKKEDSSLTLSSSEQQDKSKKQDQSQPHSPSKTEDPFQHQHPSKKQDPYQPQSPSKKQDPTQ 1 QFPSHQQDPKKEPSKY 1 EP
SIMQKSPLLESTALKEEAFKKQD I SQBQSPSKDPLHPQDSSKKQDPKQ I LSSSHELDSCKKQVTSQPQSPSQKEDTSKKQDBLKSQSLSKQHDPLQQ
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PQDSSKKQDPKQ I LSSSHELDSCKKQVTSQPQSPSHKEDTSKKQDPLKSQSLSKQHDPLQQKDTSKKEGSTLTLSSSEKQETSKKQDLSQPHSPSKT
EDPFQHQHPSKKQDPYQPQSPSKKQDPTQHQLPSHQQDPKKERSN I KEPSSMKKSPLLESTALKEEDFKKQDTSLPQSPSKDPLHPQDSSKKQDPKQ
1 LSPSHKLDSCKKQVTSQPQSBSQKEDTSKKQEPLKSQSLSKQHDPLQQKDTSKKEGS I LTLSSSEKQETSKKQDL SQPHSESK I EDBFQHQHPSKK
QDPYEPQSBSKKQDSTQ 1 QFPSHQQDPKKEPSKYV 1 EPS 1 LQKSBLLESTALKEEAFKKQDTSQPKSPSKDSLHPQDSSKKQDPKQ I LSSSHKLDSCK
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QDSSKKQDPKQ I LSSSHKLDSCKKEVTSQPRSPSHKEDTSKKQDPLKSQSLSKQHDPLQQKDTSKKEGSTLTLSSSEKQETSKKQDLSQPHSESKTE
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CQQEQTMSGQQKE I FTEQTDNFRQDTTKQK I 1QQDSLEQNMPQPQHPQQ I SPPKQDYLSHQEP 1 KSGQDKKDL 1KQTSWKDQQESGKTQVDQSQQONS
SNQESWQKPQQNQDTVRRQGL SMEDSPKEYQQKQDBSQQQELNKQTSSQQQWSSQQGSWQEKQYSTDTQGLPHDEKQKHQSQPQQPSYQ 1 DSKQNQT
QDHNKSDLVQERQSQHQQSHHQVHHHDGQKSDLSQQQGFDKQTTSQEQWSSQRSSWQEKEYP I DKQGLSNDEKQKHQSQPQOPSYQ 1 DSKQ 1 QTQDH
NKSDLVQERQSQHQQSHHQVHHHDGQKSDLSQQQGFDKQTTSQQQWSSQQGSWQEKEYP 1 DKQGLSNDEKQKHQSQPQQRSYQ 1 DSKQNQTQDHNKS
DLVQERQSQHQQSHHQVHHHDGQKSDLSQQQGFDKQTTSQEQWSSQRSSWQEKEYR 1 DKQGLSNDEKQKHQSQPQQPSYQ I DSKQNQTQDHNKSDLY
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DPLQPQSPSQKPEASQKQDPFLKQDPSHPQSESQKPET 1 QKQDPFQKKDPSQPQSESQKPE I SQKQDPFLKKDPTHPQSPPQKPETTQKQDPFLKKD
PSHPQSPSQKPETTQKQDPFLKKDPSHPQSPSQKPDPVOPKSPSQKQEASQKQDPFLKKDPSQPQSPSQKPETTQKQDPFQKKDPSQPQSPSQKLDR
1 EKQGKSQKQESYQKKE TPLVESTRLKQDL SQKKDPSHPQSPSQKPETSQKQDPFQKKDPSQQQSLSQKPETSQTQDPFQKKDPSHPQSPSQKPETS
QKQDPFQKKDPSHPQSPSQKPERSQKQDPFQKKDPSHPQSPSQKLDP 1 EKQGMSQKQESHOKKETSLVESSPLKQDLSQKHDPSHPQSPSQKPET 1Q
KQDPFLKKDPSHPQSPSQKPE TTQKQDPFQKKDPSHPQSPSQKPEASQKQDPFQKKDPSHPQSPSQKPE TSQKQDPFQKKDPSLPQSPSQKLDB 1 EK
QGMSQKQESHQKKETSLVESSPLKQDLSQKHDESHPQSL SQKSEVSQKQDRFLKKDESHPQSPSQKPETTQNQDPFQKKDESHPQSPSQKPETSQKQ
DBFLKKDPSHPQSPSQKPEASQKQDBFQKKDESQPQSPSQKPETTQKQDPFQKKDESQPQSPSQKLDP I EKQGMSQKQESHQKKETSLVESSPLKQD
LSQKHDPSHPQYLSQKPETTQKQDBFQKKDPSQPQSPSLKPE TSQKQDBFLKKDPSHPQSPSQKPE TSQKQDBFQKKDPSQPQSPSQKLDP 1 EKQGM
SQKQESYQKKETBLVESSPLKQDLSQKQDESHPQSL SQKPETSQKQDPFHKKDBSHPQSPSQKPE TSQKQDPFQKKDPSQPQSPSQKPETSQTQDRF
QKKDPSHPQSPSQKPETSQKQDBFLKKDPSHPQSPSQKPEASHKQDBFQKKDPSHPQSPTQKLDP I EKQGMSQKQESYQKKETPLVESSPLKQDLSQ
KQDPSHPQSL SQKPETSQKQDBFQKKDPSQPQSPSQKPETSQTQDEFQKKDPSHPQSPSQKPETSQKQDESLKKDPSHPQSPSQKPEASHKQDBFQK
KDPSQPQSPSQKLDP 1 EKQGMSQKQESYQKKE TPLVESSPLKQDLSQKQDPSHPQSLSQKPE TSQKQDPFHKKDPSHPQSPSQKPE TSQKQDPFQKK
DPSQPQSPSQKPETSQTQDPFQKKDPSHPQSESLKPETSQKQDPFLKKDPSHPQSESQKPEASHKQDPFQKKDPSHPQSESQKLDP 1 EKQGMSQKQE
SYQKKETPLVESSPLKQDLSQKQDPSHPQSL SQKPETSQKQDBFQKKDESQPQSPSQKPETTQKQDPFQKKDESQPQSPSQKLDP | EKQGMSQKQES
HQKKETSLVESSPLKQDLSQKHDPSHPQYLSQKPETTQKQDPFQKKDPSQPQSPSLKPETSQKQDBFLKKDPSHPQSPSQKPETTQKQDBFQKKDPS
QPQSPSQKLDP I EKQGMSQKQESYQKKETBLVESSPLKQDLSQKQDESHPQSL SQKPE TSQKQDPFHKKDESHPQSPSQKPETSQKQDPFQKKDRSQ
PQSPSQKPETSQTQDRFQKKDESHPQSPSQKPE TSQKQDPFLKKDESHPQSPSQKPEASHKQDPFQKKDESHPQSPTQKLDP | EKQGMSQKQESYQK
KETPLVESSPLKQDLSQKQDPSHPQSL SQKPETSQKQDBFQKKDPSQPQSPSQKPETSQTQDBFQKKDPSHPQSPSQKPETSQKQDESLKKDPSHPQ
SPSQKPEASHKQDPFQKKDPSQPQSPSQKLDPE I EKQGMSQKQESYQKKETPLVESSPLKQDL SQKQDPSHPQSLSQKPETSQKQDPFHKKDPSHPQS
PSOKPETSQKQDPFQKKDPSQPQSPSQKPETSQTQDPFQKKDPSHPQSPESLKPE TSQKQDPFLKKDPSHPQSESQKPEASHKQDPFQKKDPSHPQSP
SQKLDP 1 EKQGMSQKQESYQKKE TPLVESSPLKQDL SQKQDPSHPQSLSQKPETSQKQDPFHKKDPSHPQSPSQKPETSQKQDBFQKKDPSHPQSPS
QKPETSQKQDPFLKKDPSHPQSPSQKPEASHKQDPFQKKDPSHPQSPESQKLDP I ENKGMSQKQESYQKKE TPLVESSPLKQDLSQKQDPSHPQSLSQ
KPETSQKQDPFHKKDPSHPQSESQKPETSQKQDPFQKKDPSHPQSESQKPETSQTQDPFQKKDPSHPQSESQKPETSQ 1 QDPFLKKDPAHPQSESQK
PEASHKQDBFQKKDESHPQSPSQKLDP I EKQGMSQKQESYQKKETRLVESAPLKQDLSQKQDESHPQSL SQKPETSQKQDPFHKKDBSHEQSPSQKR
ETAQKQDPFQKKDPSHPQSPSQKPETSQTQDBFLKKDPAHPQSPSQKPEASHKQDBFQKKDPSHPQSPSQKLDP | EKQGMSQKQESYQKKETSLVES
SPLKQDLSQKQDPSHPQSL SQKPETSQKQDPYQKKDPSHPQSPSQKRE I CQKQDPFQKKDPSHPQSPSQKPDPVQPKSPSQKPEASQKQDBFLKKDL
SHPHPPSQKPETSQKQDPFQKKDPSQPQSPSQKLDP 1 GKQGMSQKQESHQKKE TPLVESSPLKQDLSQKQDPSHPQYLSQKPETSQKQDSFQKKDPS
QPQSPSQKPETSQKQDPFLKKDESHPQSPSQKRETTQKQDPFQKKDESQPQSPSQKLDP I GKQGMSQKQESHQKKE TRLVESSBQKQDL SQKQDPSH
PQSMSQKPEASQKQDPFLKKDESHPQSPSQKPE TSQKQDPFLKKDPSQPHSPSQKPETAQKQDPFQKKDPSQPQSPSQKBETSQTQDPFLKKDPSHP
QSPSQKPETSQTQVPFQKKDPSHPQSPSQKLDP 1 GKQGMSQKQESHQKKE TRPLVESSPLKQDL SQKQGPPHPQSLSQKPE TTQKQDPFQKKDPSQPQ
SPSQKPETSQTQDPFQKKDPSQPQFPSQKLDP 1 GKQGMSQKQESHQKKETPLVESSPLKQDL SQKHDPSHPQSPSQKPE TSQKQDPSQKPQSPSKKQ
DPSQHQLPSHQQDPKKEPSKEKDPSL I QKSPLLQSTPQKQDASKKQD I PQPQSPSKDLFQQQDTTKKQETTQKMSSSQKQDTSKKQDTTQPQTRSQK
EETSTKQDPSQQKL TSKNQDPFQQQDTSKKQDPTQPQTASQKQDTPKQQDPKQQL SPSQTONTKKQDTLOPKSSSKSQDRFHQQDTSKKEDTKEPLS
PSQKQDTSRKQDPSQPKSPSK I SDPFQQPCSTKKQDPSQQQSPSHEKDPKKERSKEKEPSL 1 QNHHFYSLLPRKKM I LRSK I HLSHNHHLK 1 LSSTK
ITHLRNK 1QYNHCFLLKNR I HQRNK IHHRNTLLLKKK I HQRNK I HHNQSPHPKLK I LSSNHAQLKNK I H INHHLLPKNKTHPS I SCLP I NKMLRKNHQ
RKKNQPRYKNHLFYSLLHRNKMLLRNK I HLSHNPHPK I I FSNRTHLRNK IQNTHCLLLKYK I BPRNK I QHSHSPHPKLK I LSSNRVHVRNK IHLNHN
PLPKNKTHPS I SCLE I NKMLRKNQPRYKNHHFYSLLHRNKMLLRNK 1 YLSHNBHPK 1 1 SSNRTHLRNK 1 QNTHCLPLKYK 1PERNK 1 QHSHSPHPKL
K 1LSSNRVHVRNK I HLNHNPLPKNKTHPS I SCLP | NKMLRKNHQRKKNQPRYKNHLFYSLLHRNKMLLRNK I HLSHNPHPK I 1 SSNRTHLRNK1QNT
HCLLLKYK 1 PPRNK I QHSHSPHPKLK I LSSNRVHVRNK I HLNHNPLPKNKTHBS I SCLE INKMLRKNHP
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MBFLISAIQDI I1EVYLSYAHRECNLQKLNKEELKSL IQNEFADY I KNPNDPQTAVTVMKTLDDNRDGEVDFEEFMDLMSKVSKAYYKTFHKDQSQNT
CRQQPTKPGQQKEPF TEQKDHFRQDTTPQKPTQQGECKQTDSLEQNVPQHQYKDDTESKQDY LHQQDP I KBGQDKKDR 1 QQTPWKDQQGSNKTQVDQ
SQQSSSHQESWQKNQQKQDPVRQQGLSNEDSPKEYQQKQDPSQQQGFDKQATSQQKWSSQKDSWQEKHP TDNDEKHQQQPQPQHPSYQKDSKQNQTQ
DNNNSNLAQERQTQHQQSQYSVRQQEGQKSDLSQQQG I DNQATSQQKWSSQKDSWQEKHP TDNDEKHQQQPQBQHPSYQKDSKQNQTQDNNNSNLAQ
ERQTQHQQSQYSVRQQEGQKSDLSQQQG I DNQATSQQKWSSQKDSWQEKYPTDKSGLPNDEKLKQQHQPQHPSYQKDNQTQDNNKSDLAQERQPQHQ
QPQYPVRQQDGQKSDLSQQQGFDKQTTSQQQQSSQQQWSSQQCSWQEKKY SNDEQDLSNDEKQQQQHQPQHPSYQKDSKQNQTQDNNNSNLAQERQP
QHQQPQYPVRQQDGQKSDLSQQQGFDKQTTSQQQQSSQQQWSSQQCSWQEKKY SNDEQDLSNDEKQQQQHQPQHPSYQK I ANK IKLKT I TTQI
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MBQLLT I 1KD1 INTFYSYCNKEDLHGKLNKEAFNLL IQNEFAD I 1 EDSEKPET I AA IMQALDENNDGEVDFKEFLDLFFKVAVAYCEALAL YKQKKQ
EKCQQSSGSDSKQQKSSEQDSSKKHE TEPK T TPKQDPSLQQTPPQKQDTSHPQPFSQEKDPSQKQKPAQSKSSSQSLSQKPETSQKQDPSQPQFSYQ
KHDS 1 QKQGMSQKQDS TQKQEBCQTKNKPLVESSPQKQDAPQLKSPSHKQDPLQKKD I SEKHDLSKPQSLSQQHDL SKKPEL SQPKCPAKK I DBFQQ
QSPTQKQDESQPQSPTQKQD I SKKPEPAQPKSESKK 1 DPFQQQSPNQKQDPSQPQSETQKQD I SKKSEPALAKSPFKKQD I STAKEPAKKQDASQMQ
ELPLLKSSPPKQDASKQQDPSQPQALSQKEDBCKPHDSSQPL SPSTKQGSSKKQDRESLPLFPSKKEDPSQPQSHSQKQDBFQKKDPSKKAEPLK QD
QSFTQESPLLQSLPQKQDPSQPQAPSQKQER I QEQDQSKKQDPSKKQSPSQKLESLKKQDPSKKKDPSQPQSPSQKQDPVQKQDPLKKKERSQPQSP
SKKQDQ 1 QKQDSSQQQSPSTKDSCKKQDPPKKGQSLKKHDETL TQESPLLQSLPQKQDPSQTQFPSKKQD I SKKEELSKBQSPSPKQDHFQKQDPLK
KQEPSQPKSDSQKQES I HKEDTSKKQDPFQPQSPSQKQDTFQKEDL SKBQSPSQKQDHVQKQDPVKKQEBSQPKSPSQKQES I HKEDPSKKQEPSKR
ESPSQKQEPFQKQDSPQSHSPSQKQDHFQKQDPLKKQDESQTQSPSLKQDP 1QQQDP I EKQDSSQQQSPSTKDSCQKQDRSKKGQPLKKHDQSQTQE
SPLLQSLPQKQD I SKKEEL SQPQSPSQKQDHLQKQDPLKKQEPSQPKSPSQKQES I HKEDPSKKQDPFQPQSPSQKQDTFQQQDPLKKHPCQPQSPS
QKQDHFQKEDL SKPQSPSQKQDHFQKQDPLKKQEPSQPKSPSQKQES I HKEDPSKKQDPFQPQSPSQKQDTFQQQDR I KKHPCOPQSPSQKQEHFQK
EDLSQPQSPSQKQDHFHKQDPLKKQESSQPKSPSQKQES I HKEDPSKKQDPFQPHSPSQKQDTLQQQDPLKKQPCOPQSPSQKQDHFQKEDL SKPQS
PSONKDHFQKEDPLKKQEPSQPKSPSQKQES I HKEDPSKKQDBFQPHSPSQKQD TLQQQDPLKKHPCQPQSPSQKQEHFQKEDQSQPQSESQKQDHL
QKQDPLKKQEPSQPKSPSQKQES I HKEDPSKKQDPFQPHSPSQKQDTLQEQDPVKKHPCQPQSPSQKQEHFQKEDL SQPQSPSQKQDHFQKQDBLKK
QESSQPKSPSQKQES I HKEDPSKKQDBFQPHSPSQKQDTLQQQDP L KKHECQPQSPSQKQDHFQKEDL SKPQSESQKQDHFQKQDPLKKQERSQPKS
PSQKQES I HKEDPSKKQDBFQBHSPSQKQDTLQQQDPLKKHPCQPQSPSQKQDHFQKEDL SKBQSPSQKQDHFQKQDPL KKQEPSQPKSPSQKQESI
HKEDPSKKQDPFQPQSPSQKQDTLQQQDPLKKHPCOPQSPSQKQEHFQKEDL SKPQSPSQKQDHLQKQDPLKKQEPSQPKSPSQKQES I HKEDPSKK
QDPFQPQSPSQKQDTFHQQDPLKKHPCQPQSPSQKQDHFQKQDPLKKQERSQPKSPSQKQES I HKEDPSKKQDBFQPQSPSQKQDTFQQQDPLKKHP
CQPQAPSQKQEHFQKEDL SQPQSPSQKQDHFHKQDPLKKQESSQPKSPSQKQES I HKEDPSKKQDPFQPHSPSQKQDTLQQQDPLKKHPCOPQSPSQ
KQEHFQKEDL SKPQSPSQKQDHLQKQDPLKKQEPSQPKSPSQKQES I HKEDPSKKQDPFQPQSPSQKQDTFHQQDPLKKHPCOPQSPSQKQDHFQKQ
DPLKKQEPSQPKSPSQKQES I HKEDPSKKQDPFQPQSPSQKQDTFQQQDPLKKHPCQPQAPSQKQEHFQKEDL SQPQSPSQKQDHFHKQDPLKKQES
SQPKSPSQKQES I HKEDPSKKQDPFQPHSPSQKQD TLQQQDPLKKHPCQPQSPSQKQEHFQKEDQSQPQSPSQKQDHLQKQDPLKKQERSQPKSPSQ
KQES I HKEDPSKKQDPFQPQSPSQKQD TLQQQDPLKKHPCQPQSPSQKQEHFQKEDL SKPQSPSQKQDHLQKQDPLKKQERSQPKSPSQKQES IHKE
DPSKKQDPFQPQSPSQKQDTFHQQDPLKKHPCQPQSPSQKQDHFHKQDPLKKQESSQTK IPFPKAR I YP
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MPST IGAIQDL I DVFHSYSKEQCKLLNKDELKSLLQKELANY 1 KNPNDPQTVETVMK 1 LDDNQDGGVDFNEFTDLMCK 1 1KAYYNTFHMEQSQDTCQ
QQQTKPGQQONQPFTEQKDQSKKESTNQKS TQQDKCEQGRY I KADQLEQKPPQHQYKHEQPQQLVPSKEVPSQPDPSYHQGKYESPKQVVPPKQDPSQ
SDSSYHQGKNEPPKQVVPPKQDPSQPDASYHQGKYEPPQQL VPPKQDPSQSDSSYHQGKYEPPKQVVPPKQDPSQSDRSYHQGKYEPPQQLYPPKQD
PSQSDSSYHQGKYEPPQQLVPPKQDPSQSDSSYHQGK YEPPKQVVPPKQDPSQSDPSYHQGKYEPPQQLVPPKQDPSQSDSSYHQGKYEPPQQL VPR
KQDPSQSDSSYHQGKYEPLKQVVPPKQDPSQSDPSYHQGKYEPPQQLVPPKQDPSQSDSSYHQGKYEPPKQVVPPKQDPSQSDPSYHQGKYEPPQQL
VPPKQDPSQSDSSYHQGKYEPPKQVVPPKQDPSQSDPSYHQGKYEPPQQLVPPKQDPSQSDSSYHQGKYEPPQQLVPPKQDPSQSDSSYHQGKYEPP
KQVVPPKQDPSQSDPSYHQGKYEPPQQLVPPKQDPSQSDSS YHQGKYEPPQQLVPPKQDPSQSDSSYHQGKYEPPKQVVPPKQDPSQSDPSYHQGKY
EPPQQLVPPKQDPSQSDSSYHQGKYEPPKQVVPPKQDPSQSDPSYHQGKYEPPQQLYVPPKQDPSQSDSSYHQGKYEPPKQVVPPKQDPSQSDPSYHQ
GKYEPPQQLVPPKQDPSQSDSSYHQGKYEPPQQLVPPKQDPSQSDSSYHQGKYEPPKQVVPPKQDPSQSDPSYHQGKYEPPQQLVPPKQDHLQQQES
1KSGQDNKDPPQQTPWKNQEELDKTQQSPGQQDPSKEEEQHSY SKYEYHLRKQTDHTHDPPQEEPHBVAQHVBSQHRQQQVHYQYQYLWSPNQCRFB
WOQK
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MAKLLAAVRGT IEAFNLYRSQSSSCNSLSPEEFKRL IEKEFVD I IKESKQRET IKKVLQSLDTKSQKEVNFKDFME I FKNVSVAYYDASCQLPKEKE
MIVKEHKEQLLPK I PPEDPMDPKGKTKKDDHAQQSEPKQKPVTRVKDDHPHKDER I KKDDQAQKSDPKQKPAARVKDDHPHKDER I KKDNQAQKSDP
KKKPAAPVKDDHPHKDER I KKDDQAQKSDPKKKPAARVKDDHPHKDEPR I KKDDQAKKSDPQOKPAARPVKDDHPHKDER I KKDDQAQKSDPKKKPAAP
VKDDHPHKDEP 1 KKDDQAKKSDPQOKPAARPVKDDHPHKDEQ I KKDNQAQKSDPQQKPAAPVKDDHPHKDER I KKDDQAQKSDPKQKPAARVKDDHPH
KDHP I KKDDQAQKSDSKQKPAARVKDDHPHKDHP | KKDDQAQKSDSKQKPAARVKDDHPHKDEPR I KKDDQAQKSDPKQKPAAPVKDDHPH I DERVKK
DHQAQKSDPKKKPAAPRVKDDHPHKDER 1 KKDDQAQKSDPKQKPAARVKDDHRHKDEP I KKDDQAQKSDPQKKPAAPVKDDHPHKDEL I KKDDQAQKS
DPKKKPAAPVKDDHPHKDER 1 KKDDQAQKSDPKQKPAARVKDDHRHKDEPR I KKDNQAQKSDPQQKRPAARPVKDDHPHKDER I KKDDQAHKSDPKQKPA
APVKDDHPHKDEP I KKDDQAKKSDPKQKPAAPVKDDHPHKDER I KKDDQAKKSDPQQKPAARVKDDHPHKDEPR 1 KKDDQAQKSDPKKKPAARPVKDDH
PHKDEPR I KKDDQAQKSDPKQKPAARVKDDHPHKDEP I KKDDQAQKSDPQQKRPAAPVKDDHPHKDDR I KKDDQAQKSDPKQKPAAPVKVDTPHKDERI
KKDDQAKKSDPQOKPAARVKEEQRHKDEPR I KKDDQAQKSDPQKKRAARPVKHDHPPKDER I KKDDYAQKSDPKKKPAARVKEGHCYKDHP 1 KKEDQAQ
KSDSKQKPAARVKDDHPHKDEPR I KKDDQAKKSDPQQKRPAAPVKDDHPHKDDR I KKDDQAQKSDPKQKPAARVKDDHPHKDDP | KKDDQAQKSDPKQK
PAARVKDDHPHKDEP I KKEDQAQKSDPKQKRPAAPVKDDHPHKDER I KKDDQAQKLDPKKKPAAPVKDDHPHKDEPR 1| KKEDQAHKSDPKQKPAARVKD
DHPHKDDP 1 KKDDQAQKSDPKQKPAARPVKDDHPHKDER I KKEDQAQKSDPKQKPAAPVKDDHPHKDER 1| KKDDQAQKLDPKKKPAARVKDDHPHKDE
P 1KKEDQAHKSDPKQKRPAARPVKDDHPHKDER I KKDDQAKKSDPQQKPAAPRVKDDHPHKDDR | KKDDQAQKSEPKKKPDTRVKVD I BHKDEP I1KKYDQ
AKKSDPQQKPVAPVKDDHPHKHEP 1 KKDDQAQKL DPKKKPAARVKDDHPHKDER I KKEDQAQKSDPKKKPAARPVKEGHCYKDHP I KKEDQAQKSDSK
QKPAARVKDDHPHKDEP 1 KKDDQAKKSDPQQKPAAPVKDDHPHKDER I KKDDQAQKSDPKQKPAAPVKDDHPHKDDA | KKDDQAQKSDPKQKPAARV
KDDHPHKDDP I KKDDQAQKSDPKQKPAAPVKDDHPHKDDP I KKDDQAQKSDPKQKPAARVKDDHPHKDEP 1 KKDDQAQKSDPKQKPAAPVKDDHPHK
DER I KKDDQAQKSDPKQKPAAPVKDDHPHKDER I KKDDQAQKLDPKKKPAARVKDDHPHKDEPR I KKEDQAQKSDPKQKRPAARPVKEGHCYKDHR I KKE
DQAQKSDSQQKPAAPVKDDHPHKDER I KKDDQAKKSDPQQOKPGARVKVD I PHKDEP 1 KKDDQAKKSDPQQKRVARPVKDDHPHKDERTKKDDQAKKSD
PKQKPVAPVKDDHPHKDER I KKDDQPQKSDPKQKPAARVKDDHPHKDEP I KKDDQAKKSDPQOKPAARVKVD I PHKDER I KKDDQAQKSDPQQKPAA
PVKDDHPHKDER I KTDDQAQKSDPKQKPAQRVKDDHPHKDEP 1 KKDDQAQKSDPKQKPAPPVKDDHPHKDER I KKDEQAQKSDPKQKPVTPVKDDHP
QKVER IKKDDYAQKSDPKQKPAAPVKVE I PHKDER | KKDNQAQKSDPKQKPAARVKVE I PHKDEP 1 KKDDQAQKSDPKQKPAARPVKDDHPHKDER I K
KDDQAQKSDPKQKPAARVKEDHPHKDEP I KKDDQAQKSDPKQKPAARVKVE I PHKDER I KKDDQAQKSDPKQKPAAPVKDDHPHKDER I KKDDQAQK
SDPKQKPAAPVKEDHPHKDER I KKDDQAQKSDPKQKPAARVKDDHPHKDEPR I KKDDQAQKSDPQQOKPAARVNVD I PHKDER I KKDDQAQKSDPQQKP
AAPVKDYHPHKDER I KKDDQPQKSDPKKKPAAPVKEGHCYKDER I KKEDQAQKSDSKQKPAARVKDDHPHKDEP I KKDDQAKKSDPQQKPAARPVKDD



HPHKDEP 1 KKDDQAKKSDPQOKPAARPVKDDHPHKDER I KKDDQAKKSDPQQKPAAPVKDDHPHKDER I KKDDQAQKSDPKQKPAARVKDDHPHKDEP
1 KKDDQAQKSDPQQKPAAPVKDDHPHKDEPR | KKDDQAKKSDPQQOKPAARVKDDHPNKDEP I KKDDQAKKSDPKQKPAAPVKDDHPHKDER I KKDDQA
QKSDPKQKPAARVKED IPHKDEP I KKDDHVQKSDPNQKRPAARPVKDDHPHKDER I KKDDHVQKSDPNQKPAARVKEGHCHEKDYYDASCDLKVLKKL I
FDEYPFPDPKQDP IKTYDNTQKSDPKKKRATPVKDDPPHKDER I KKDDQSQKSDPKQKPAERVKDDPPHKDEPR I KKDDQAQKSDPKQKPAARVKDDH
PHKDEPR I KKDDHQQKSDPKQKPAARVKDDHRHKDEPR I KKDDQAQKSDPQQKRAARPVKDDHPHKVER I KKDDQAQKSDPKQKPAAPVKDDHPHKDERI
KKDDQAQKSDPKQKPAARVKDDHPHKDEP I KKDDQAQKSDPKQKPAAPVKDDHPHKDER I KKDDQAQKSDPKQKPAARVKVE I PHKDEP I KKDDQAQ
KSDPKQKPVARVKDDHPHKDEP I KKDDQAQKSDPKQKPAAPVKDDHPHKDDR I KKDDQAQKSDPKQKPAARVKDDHPHKDER | KKDDQAQKSDPKOK
PAARVKDDHPHKDEP 1 KKDDQAQKSDPKQKRAARPVKDDHPHKDDR I KKDDQAQKSDPKQKPAARVKDDHPHKDER 1| KKDDKAQKSDPKQKPAARVKD
DHPHKDEP 1 KKDDQAQKSDPKQKPAARVKDDHPHKDER I KKDDQAQKSDPKQKPGARVKVD I PHKDER 1 KKDDQAQKSDPKQKPAARVKEGHCYKDH
P 1KKEDQAQKSDPKQKPAAPVKDDPPHKDER I KKDDQAQKSDPKQKPAAPVKDDHAHKEER | KKDDQAQKSDPKQKPAARVKVD I PHKDEP I KKDDQ
AQKSDPKQKPAAPVKDDHPQKDEP I KKDDQAQKSDPKOKP TAPVKEDHPHKDER I KKDDQAQ I SEPKKKPDSPVKDDHPQKDER | KKDDQAQKSGPK
QKPAARVKVD IPHKEEP 1 KKDDQAQKSDPKQKRPAAPVKDDHPQKDER I KKDDQAQKSDPKQKPTAPVKEDHPHKDER I KKDDQAQ | SEPKKKPDSRV
KDDHPQKDER I KKDDQAQKSDPKQKPAAPVKDDHPQKDER I KKDDQAQKSDPKQKPAARVKEDHPHKDEPR I KKDDQAQ I SEPKKKRDTRPVQVD I PHK
DKPR I1KKDDHAQ I SEPKKKPDSPVKVD I PHKDER I KKDDHAQVSEPKKKPDTRVQVD I PHKDEP I KKDDHAQVSEPKKKRDSPVKVD I PHKDER I KKD
DHAQVSEPKKKPDTPVKVD IPHKDDP I KKDDHAQ | SEPKKKPAARVKDDHPHKDEP 1 KKDDHQQKSDPKQKPAAPVKDDHTHKDER I KKDDQAQKSD
PKQKPAAPVKDDHPHKDER I KKDDQAQKFDPKQEPAARVKDDHPHKDEL 1 KKDDQAQKSDPKQKRPAARVKDDHPHKDER I KKDDHAQ I SEPKKKPDT
PVKVD IPHKDKP I KKDDHAQ I SEPKKKTDSRVKVD IPHKDDP 1 KKDDHAQ I SEPKKKRBD TRVKVD I PHKDER | KKDDHAQKSDHKQKPVAPVKDDHP
HKDEP I KKDDQAPKSDPQQKPAARVKDDHPHKDDP I KKDDHDS IHKQDESTKPKHSV 1PD IKTKEVSTKKDDETQTAELTLDPSKNQCQTTKHDPKE
ELSSQSQCPSLLVSKHGAYSIEEEEDEADSSDPLTYYTYFETKYTQYHGQVLSHNVAQQGRPSAMPSSPYYEYSLQTPCREFFQTSEYKYFESSQKTS
EKRSSDAQKSLAGAQGGPRPSGSSEEKQEKPKSPYKFKWRWH
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MPKLTGVINEI 1G1FLSYSEGTCAPHKLNKNQMNRL 1QNEFSDV I KNBKDPKTVEAL 1 KVLDQNKDEEVDFDEFSDLLCKVLKA 1 YRAMQQMEKDCP
KKAPVHKTQEE TDKKPHDVHVEHHDHPDSPSKYYQEBVYP I LDKTKEQKDQGK I LTSHVQSTDERSKLTTLQTGQTATTTVTTDPVKBVTQ 1 TQDKK
DQVLKQDRTVTQ1QQDKDKKDQVPYLKK I DTHIHHDKKDQVTQLD 1 BVTQ1QQDKDKKDQVTQLDKTVTQ1QQDKDKKDQVEYLKK 1 DTH I HHDKKD
QVTQLDLPVTQIQQDKDKKDQVTQLDKTVTQ1QQDKDKKDQVTQLDKTVTQ1QQDKDKKDQVTOLDKTVTQ1QQDKDKKDQVTQLDKTVTQ1QQDKD
KKDEVPYLKK I DTH I HHDKKDQVTQLD 1 PVTQ 1 QQDKDKKDQVTQLDKTVTQ 1 QQDKDKKDEVPYLKK I DTHIHHDKKDQVTQLD 1 BVTQ I HHDKDK
KDQVTQLDKTVTQ1QQDKDKKDQVPYLKK I DTH I HHDKKDQVSQLDKTVTQ 1QQDKDKKDQVTQLDKTVTQ1QQDKDKKDQVTQLDKTVTHVQQDKK
DQVTQQG I STTHVVQQBG I STTHVAQQPG I STTQVVQRPG I STTQVABQPR 1 STTQVVTQPG I STTHVVQQBG I STTQVAPQRR ISTTQVVTQRGIS
TTHVVQQBG I STTQVATQBG I STTQVATQRG I STTQVVQRPG I STTQVVQRPG 1 STTQVTQQGERSTQTRPQTMBSATQTKPC 1 DQQPESMYQEHQ I P
EMPQMYQQAQQHVHQYQSHFTTQKKKP

Figure S1. Amino acid sequences of proteins encoded by EDC genes of amphibians. (A) Amino acid
sequences of proteins encoded by SEDC genes of caecilians. (B) Amino acid sequences of SFTP genes of
amphibians. The following amino acid residues are highlighted to indicate residues important for protein
cross-linking and the peculiar amino acid compositions: lysine (K) and glutamine (Q) are potential sites of
transglutamination and proline (P) is the residue with the strong potential to disrupt alpha-helix and
beta-sheet structures. SEDC, Simple epidermal differentiation complex gene; SFTP, S100 fused-type
protein. Am, Ambystoma mexicanum; Gs, Geotrypetes seraphini; Mu, Microcaecilia unicolor; Rb,
Rhinatrema bivittatum; Xt, Xenopus tropicalis.



MSNHQS---ANFAPLPGKP-
QEQSKEQKLVQEKPKESAKE
QAPVKTQEPKEQAPVKTHET
KQVQQQ--PKEQAPVKTQET
KHVQE--KPKEQAPVKTQET
KQVQQQ--PKEQAPVKTQET
--------- KEQARVKTQET
KQVQQQ--PKEQAPVKTQET
KQVQQQ--PKEQAPVKTQET
KQVHHQ--PKEQAPVKTQET
--------- KEQARVKTQET
KQVQE--KPKEQAPVKTQET
--------- KEQASVKAQET
KQVQQQ--PKEQAPVKTQET
--------- KEQAPVKAQET
KQVQQQ--PKEQAPVKTQET
--------- KEQAPVKAQET
KQVQQQ--PKEQAPVKTQET
KQVQQQ--AKEQVPVKTQET
--------- KEQAPVKTQET
KQVQQQ--PKVQAPVKTQET
--------- KEQARVKAQET
KQVQQQ--PKEQAPVKTQET
--------- KEQAPVKTQET
KQVQQQ--PKEQAPVKTQET
KQVQQQ--PKEQAPVK 1QET
KQVQQS--PKEQTPVKTQET
--------- KEQAPVKTQET
--------- KEQAPVKTQET
--------- KEQAPVKAQET
KQVQEK--PKEQAPVKTQET
KQVQEK--PKEQAPVKTQET
--------- KEQAPVKAQET
KQVQQQ--PKEQAPVKTQET
--------- KEQARVKAQDT
KQVQQQ--PKEQAPVKTQET
KQVQQQ--AKEQVPVKTQET
--------- KEQAQVKTQET
KQVQQQ--PKEQAPVKTHET
--------- KEQARVKAQET
KQVQQQ--PKEQAPVKTQET
--------- KEQAPVKAQET
KQVQQ--PPKEQAPVKTQET
--------- KEQARVKAQET
KQVQQQ--PKEQAPVKTQET
KQVQQQ--AKEQVPVKTQET
--------- KEQARVKTQET
KQVQQQ--PKEQAPVKTQET
--------- KKQAPVKSQEI
KQVQQQ--PKEQAPVKTQDT
KQVQQQ--PKDQAPVKTQET
KQVQQQ--PKEQAPVKTQET
KQVQQ---PKEQAPVKTQET
KQVQQQ--PKEQAPVKSQET
KQVQQ---PKEQAPVKSQET
KQVQQQ--PKEQAPVKTQET
--------- KEQARVKAQET

KQVQE--KPKEQAPVKTQET
KQVQQQ--PKEQAPVKAQET
--------- KEQAPVKTQET
KQVQQQ--PKEQAPVKTQEI
--------- KEQAPVKTQET
KQVQHQ--PKEQAPVKAQET
KQVQQQ--PKEQAPVKTQET
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KQVQQQ--PKEQAPVKTQET
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KQVQQQ--PKEQAPVKAQET
KQVQQQQ-PKEQAPVKAQET
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Figure S2. Repeat organization of the amino acid sequence of Rhinatrema bivitattum SEDC2 underlying
the sequence logo shown in Figure 2B. The amino acid sequence of Rhinatrema bivitattum SEDC2 is
shown with lysine (K), glutamine (Q) and proline (P) being highlighted as in Figure S1. Line breaks and
dashes were introduced to create an alignment of sequence repeats. SEDC, Simple epidermal
differentiation complex gene. The alighment was used to generate a sequence logo using the weblogo
tool at https://weblogo.berkeley.edu/logo.cgi, last accessed on 7 March, 2022. The logo is shown in
Figure 2B.
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Figure S3. Alignment of $100 domain sequences used for phylogenetic analysis. The S100 domains of
SFTPs and S100A16 were aligned with MAFFT. The sequences are shown in fasta_aln format. Dashes
were introduced to optimize the alignment. The complete amino acid sequences of SFTPs of amphibians
are shown in Figure S1. GenBank accession numbers of other proteins: Rb S100A16, XP_029435257; Mu
S100A16, XP_030042730; Gs S100A16, XP_033780380; Xt S100A16, XP_031747447; Homo sapiens
S100A16, NP_001303936; Gg S100A16, XP_040508506; Hs Filaggrin, NP_002007; Hs Cornulin,
NP_057274; Hs Trichohyalin, NP_009044; Gg Cornulin, NP_001165847; Gg Scaffoldin, NP_001338424.
Am, Ambystoma mexicanum; Gg, Gallus gallus; Gs, Geotrypetes seraphini; Hs, Homo sapiens; Mu,

Microcaecilia unicolor; Rb, Rhinatrema bivittatum; Xt, Xenopus tropicalis.
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Figure S4. Phylogenetic analysis of SFTPs. The sequences of the S100 domains were aligned and
used to construct the phylogenetic tree. S100A16 proteins were used as outgroup. Bootstrap values
>60 are indicated. SFTP, S100 fused-type protein. Species: Am, Ambystoma mexicanum; Gg, Gallus
gallus; Gs, Geotrypetes seraphini; Hs, Homo sapiens; Mu, Microcaecilia unicolor; Rb, Rhinatrema
bivittatum; Xt, Xenopus tropicalis.
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Figure S5. The S100A gene cluster on chromosome 8 of the African lungfish (Protopterus
annectens) is predicted to contain neither SEDC nor SFTP genes. A segment of chromosome 8 of
Protopterus annectens, corresponding to genome sequence assembly PAN1.0 (GCF_019279795.1),
GenBank accesssion number NC_056741.1, nucleotide positions 430933198 — 444670046, was
analyzed. Genes are depicted by arrows pointing in the direction of gene transcription. Annotations
are from GenBank. Three genes are annotated as non-coding RNAs (ncRNAs) but their nucleotide
sequences are similar to those of SI00A genes. Note that no SEDC or SFTP genes are predicted in the
region flanking the putative ortholog of SI00A11 (grey arrow). BLAST searches using SEDC proteins
and SFTPs as queries were negative.
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Figure S6. Evolutionary model for the origin of EDC gene types. The schematic depicts a
hypothetical pathway of gene recombination and mutation events leading to the evolution of SFTP
and SEDC genes from an S100A gene that was present in a fish ancestor of tetrapods. This model was
developed from previous hypotheses (Strasser et al. 2014) taking into consideration the organisation
of the EDC in newly available genome sequences and the absence of a PGLYRP3 gene from the EDC of
amphibians. Specifically, this model is a modification of scenario 4 of Supplementary Figure S13 in
Reference Strasser et al. 2014.



Table S1. SEDC genes of caecilians

GenBank

prediction of

Accession coding coding Confirmation protein,

number sequence start sequence end Orientation by RNA-seq of accession

Species Gene (GenBank) exon 1 end exon 2 start  (exon 2) (exon 2) of gene skin number
Rhinatrema bivittatum SEDC1 NC_042630.1 26179523 26189856 26189873 26190476 forward yes n.a.
Rhinatrema bivittatum SEDC2 NC_042630.1 26289781 26291655 26291677 26297277 forward yes n.a.
Microcaecilia unicolor SEDC1 NC_044044.1 37001319 36999093 36999073 36998210 reverse yes n.a.
Microcaecilia unicolor SEDC2 NC_044044.1 36977283 36974970 36974887 36973724 reverse yes n.a.
Microcaecilia unicolor SEDC3 NC_044044.1 36983767 37011504 37011524 37012123 forward yes XP_030043654.1
Microcaecilia unicolor SEDC4 NC_044044.1 37037770 37038316 37038334 37041519 forward yes n.a.
Geotrypetes seraphini SEDC1 NC_047099.1 25747663 25803662 25803682 25807008 forward n.a. XP_033781152.1
Geotrypetes seraphini SEDC2 NC_047099.1 25784522 25781003 25780977 25779778 reverse n.a. XP_033781154.1

Abbreviations: RNA-seq, RNA sequencing; n.a., not available.



Table S2. SFTP genes of caecilians, axolotl and Xenopus tropicalis

Accession coding coding GenBank prediction of

number sequence start sequence end  Orientation protein, accession
Species Gene (GenBank) exon lend exon 2 start (exon2) exon2end  exon 3 start (exon 3) of gene number
Rhinatrema bivittatum SFTP1 NC_042630.1 26115567 26119185 26119200 26119337 26127989 26135020 forward n.a.
Rhinatrema bivittatum SFTP2 NC_042630.1 26161849 26164493 26164496 26164627 26168371 26171161 forward n.a.
Microcaecilia unicolor SFTP1 NC_044044.1 36896683 36902355 36902370 36902507 36910886 36922597 forward n.a.
Microcaecilia unicolor SFTP2 NC_044044.1 36954485 36958497 36958500 36958637 36961012 36962602 forward XP_030043648.1
Geotrypetes seraphini SFTP1 NC_047099.1 25955132 25940297 25940282 25940145 25926622 25911266 reverse n.a.
Geotrypetes seraphini SFTP2 NC_047099.1 25849649 25842556 25842541 25842404 25840504 25838156 reverse n.a.
Ambystoma mexicanum SFTP1 CM010927.2 n.a. 718074216 718074201 718074064 718047919 718047326 reverse n.a.
Ambystoma mexicanum SFTP2 CM010927.2 n.a. 717769809 717769804 717769667 717768256 717766007 reverse n.a.
Ambystoma mexicanum SFTP3 CM010927.2 n.a. 717517780 717517757 717517620 717516583 717515684 reverse n.a.
Xenopus tropicalis SFTP1 NC_030684.2 143977508 143969175 143969161 143969024 143963079 143950288 reverse n.a.
Xenopus tropicalis SFTP2 NC_030684.2 143901787 143897478 143897469 143897332 143896135 143893862 reverse XP_031747944.1

Abbreviations: n.a., not available.



